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Rapid Multiplication of Trachycarpus fortunei and T. wagnerianus

in Urban Forest

IV. An Analysis of the Differential Effects of Light Intensity
on the Net Assimilation Rate, Leaf-Area Ratio, and Relative
Growth Rate of Seedlings of Trachycarpus Fortunei (PALMAE).
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Table 1. Average leaf area, dry weight and its distribution within seedlings of Trachycarpus
Sfortunei (PALMAE) on each treatment at the end of experimental periods.

Relative Light Intensity Dry Weight (g) and percentage on each parts Average
(%) and Soil Moisture Leaf Area
(Wet, Semi-Dry) Leaves Petioles Stems Roots Total (ng_)l % (cm?)
2.61 4. 46 0.64 3.:12 10. 86 6. 06
100% w (24.0) | (4.1) | (5.9 | 28.7) | (100) | (55.8) B8
D 5.17 5.78 0.56 3.73 15. 27 31.76 603
(33.9) (37.9) (3.7 (24.4) (100) (208.9)
50% -
W 5.:21 6.08 0.68 2.91 14.97 13.12 602
(34.8) (40.6) (4.6) (19.4) (100) (87.6)
D 3.16 3.65 0.38 1.79 8.99 6.34 498
(35.2) (40.6) (4.3) (19.9) (100) (70.6)
10%
W 2.49 2.72 0.21 0. 89 6.33 4.99 343
(39.3) (43.0) (3.4) (14.1) (100) (78.8)
D 1.09 0.70 0.08 0.29 2.16 0.98 167
(50.4) | (32.5) | (3.5) | (13.6) | (100) | (45.3)
1% —— ‘ ————
W 0.94 0.59 0.06 0.21 1.80 0.84 147
(52.2) (32.6) (3.4) (11.6) (100) (46.7)
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Fig. 1. 6-year-old seedlings of Trachycarpus
excelsa (PALMAE) under the six dif-
ferent light levels and three soil mo-
isture classes.
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Table 2. Average leaf area, dry weight and its distribution within 5 seedlings of maximum weight

of Trachycarpus fortunei on each treatment at the end of experimental periods.

Relative Light Intensity Dry Weight (g) and percentage on each parts Average
(%) and Soil Moisture Leaf Area
(Wet, Semi-Dry) Leaves Petioles Stems Roots Total (Ca",‘”)‘ % (cm?)
4.33 7.83 1.26 5.43 17.24 4.82
100% w (23.0) | (41.5) | (6.7) | (28.8) | (100) | (28.0) L
D 20. 27 27,52 3.92 12.13 63. 85 65.1 2,499
(31.7) (43.1) (6.1) (17.0) (100) (98.0) ?
50%
W 11.37 16. 90 2.00 7.71 37.89 4.8 1,350
(29.9) (44.5) (5.3) (20.3) (100) (12.7) ?
D 5.65 7.7%3 0.73 3.49 17.60 3.2 791
(32.1) (43.9) (4.1) (19.8) (100) (18.2)
10%
W 5.49 7.42 0.53 2,17 15.62 6.4 799
(35.1) (47.5) (3.4) (13.9) (100) (40.9)
D 1.66 1,30 0..12 0.47 3.54 0.58 248
y (46.9) (36.7) (3.4) (13.3) (100) (16.4)
1%
W 1.40 1.03 0.10 0.33 2.86 0.89 209
(49.0) (36.0) (3.5) (11.5) (100) (31.1)
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(1963) Xt~ 7 Y OREREER Fig. 2. Average dry matter allocation of 6-year-old seedlings
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Fig. 3. Average dry matter allocation of maximum five indi-
viduals in 6-year-old seedlings of Trachycarpus for-
tunei (PALMAE) to F (leaf), P (petiole), S (stem),
R (root).

Table 3. Average leaf area and dry weight of seedlings of Trachycarpus fortunei (PALMAE)
on each relative light intensity in standard soil moisture class for six growing periods,
and NAR, LAR, RGR. Parenthesized figures show average value of five maximum

seedlings.
’75. 10 ’76. 10 77. 1 78. 9 ’79. 19 ’80. 27
Oct. Sept. Sept. Jun. Jul. Mar.
Dry Weight (g) 0.19 0.41 1.05 2.06 6.84(12.0) |10.86(17.24)
Leaf Area (cm?) 16.0_| 255 | 57.9_| 103 | 243(370) 357(574)
100% | RGR (g/g/year) 0.923 0.941 0.899 1.087 0.694(0.534)
NAR (g/cm?/year) 0.0129 0.0162 0.0172 0.0265 0.0205(0.0169)
LAR (cm2/g) 71.4 58.0 52.4 40.8 33.9(32.2)
Dry Weight 0.20 0.44 1.20 2.59 9.02(24.9) | 15.0(37.9)
Leaf Area 189 | 382 | 8.7 | 163 | 389(906) | 603(1,353)
50% | RGR 0.946 1.003 1.031 1.130 0.760(0.623)
NAR 0.0105 0.0129 0.0150 0.0224 0.0183(0.0174)
LAR 90.0 77.6 66.6 45.1 41.5(35.8)
Dry Weight 0.16 0.30 0.69 1.31 4.00(10.7) | 6.33(15.6)
Leaf Area 17.1_| 332 | 67.3_| 111 _J35(503) 343(729)
10% | RGR 0.754 0.833 0.855 1.018 0.682(0.551)
NAR 0.0069 0.0081 0.0092 0.0147 0.0122(0.0121)
LAR 109 103 90.1 68.6 55.8(46.9)
Dry Weight 0.15 0.21 0.39 0.61 1.28(2.14) | 1.80(2.86)
Leaf Area 16.7 27.2_| 46.8 | 66.9 | 110(188) 147(232)
1% | RGR 0.404 0.527 0.596 0.685 0.488(0.395)
NAR 0.0033 0.0044 0. 0051 0.0067 0.0059(0.0053)
LAR 121 119 114 100 86.8(74.3)
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Fig. 4. Growth curves of leaf area for Trachycarpus fortunei (PALMAE) under the different
light levels.
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Fig. 5. Growth curves of dry matter for Trachycarpus fortunei (PALMAE) under different
light levels.
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Fig. 7. Yearly change in relative growth
rate of seedlings of Trachycarpus
fortunei (PALMAE) under dif-
ferent light levels.
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Yearly change in leaf area ratio
of seedlings of Trachycarpus for-
tunei (PALMAE) under different
light levels.
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Fig. 9. 1 ~6 The effcts of varyng light intensity (log scale) on the net assimilation rate

(NAR), the leaf-area ratio (LAR), and the relative growth rate (RGR) of seedlings of
Trachycarpus fortunei (PALMAE) over successive experimental period (1975—1976,

1976—1977, 1977—1978,

five individuals).

1978—1979,

1979—1980 and 1979—1980 within the maximum
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Thodo NAR iz THhB L, V7 EA FlifE EAT 2 X oL, #ic LAR 3 TFHET 5 L5 1c%
fEL T %o E£7z RGR ZMRIA~DOHEN age L LIt 5L m5T LBbhbo

TOfIAN age & & HICS IR LIRET 5 &, HEICHL TAETOER L VDL ED, MEbb
FTHTEDZPMEBERIC T > TL 3 LIMETEX 20 20 & 5 A BIRISH RS AEMRI O & 0 — ki 5
F78DH, ¥ 2 v OFEREREPHEITE RV, 614 h, BNICEST 3 E0ER & i 3 LR
bHBo

BLACKMAN (1956) (¥, —fROFHTIIHDELTIC L bavy, FICHEDFE S (SLA) 533 Lic
To Ttk RS ¥, BEEL (LWR) Bd 39 ZLizvI e, Li LA xR0 Tiz LWR o
DOFREMEAIEM L 7co S S hie, &FE, HEE, FERHOMKRE100%X 21004 L TREE Fig. 13.
DEY Thdo £/c LAR % SLA & LWR 2/ L, FRIERIC100%[X 2100& L TR L7zo
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Fig. 10. Relationship betwen relative light intensity (logarithmic scale) and net assimilation
rate in each five growing period of seedlings of Trachycarpus fortunei (PALMAE).

and schematic changing course of each curves.
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Fig. 11. Relationship between relative light intensity (logarithmic scale) and leaf-area ratio in
each five growing period of seedlings of Trachycarpus fortunei (PALMAE), and sche-
matic changing course of each curves. _J
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Fig. 12. Relationship between relative light intensity (logarithmic scale) and relative growth rate
in each five growing period of seedlings of Trachycarpus fortunei (PALMAE) and
schematic changing course of each curves.
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Fig. 13. The effects of shading on A the relative growth rates of the whole plant, its leaves,
and its leaf area and B the LAR (leaf area/plant weight), LWR (leaf weight/plant
wieght) and SLA (leaf area/leaf weight). For each growth rate and for each ratio the
value in full daylight has been equated to 100.

TR TES T LiE, VanOBARENKTIZL 725 LAR ofikidzEic LWR k540
ThV, SLA b bFri®HFHELTVE LI T L THBo SLA [F50% KA HIE L, 100% X T ific i
{725 T%o 100%XDHEIETE0%XICHIE L THES, MELDH D, HEFROREL BV, HEHBEC7
WIT SLA B A>T b0 ZDZ L RGR DK TFICEEMICREO S L EX S L0 i3, BREC LS
N ER R RMEER 2B L T s 2 bR De L7zai-> T, 50%fHE 2 Bl EE & 4 5 034k o 4
TS Th B 4%, KPS E —EiC Lz a13100% X » LAR 3k 0 FA3528, #ic NAR 13 1483
AREMEL Y, AHMARERE T L) 3 b r— VSRR TOERBLETH S 9o

L2 &

FATHIC BT 5 2 v ORIMO KK D —> & U TIAEMEDTHBRMELS IR G 2 & AR ERIE, 1980)
TP EN72H, BLACKMAN & WILSON (1951 a,b) 23V 72 AL Bk & v T3 = m 322 Rfk o Yokl
R (BoVi) 2 NAR, LAR. RGR & AHGHEEE L OBRIC OV TELF 0 Z 2 BBINC 72 5 720
L. v wE AR RGR, NAR, LAR 0B{Ra & HHRIE T0.1% ~ 0. 3% o B R 4 o YA s (i
INENERD) 2B Y, age 12 X BEALIEBIA TR AN - o

2. NAR [ ZAHXHREE L IEOBEN A B LAR (o fRic s > 7223, RGR 1350% X 3% age &1,
RRTH Y, v a v oRMEHYOMWEAHI RS iz,

3. LAR B&MEX & age L L bicd L (Fig. 7.)o NAR, RGR i3k L (Fig. 5, Fig. 6)
Thorne (1960, 1961) DFEF LT/ > 7228, ¥ 2 v DFEAEDERHEEIGRE N 72D\ % lag-time
IZFHY T 2 WA M TRV LEZ BRizo
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4. LAR, NAR »REEQHE & OBIRE, EHIC &3, FRCHEBE, (KRE TR -7
(Fig. 9. 1~6)o MFHDOBRIZY 7 A Pz AL L, age Ic X iR L& —EHMBEIT 5 L #E
W5z LnwYeEx bhke (Fig 10, Fig. 11)o —)4 RGR 3 age L L bicExwlp 50,
B IC T 5N A bR L kB E R L2 (Fig. 12).

5. LAR OB Icx 5 #kiE, hokincRohs & 5ic SLA ok Lo bhiss, LWR o
ARy = m OfitpatE & Fw 5 ERRE L B2 iz (Fig 13).

6. LHEKRC RSO ELTIE, BERXKARICRO o 2 EE280 <, D L 25 a3
Vo EREERNC LS L AEOFEE L 2 0, FRE - R, (R R E VO WEES SCREL
A IR CRIPE A RS Z L 3T 75 - 720

EHICEBDEDDZEEET 3%~ 5%L/IE <, WITHEWRIT30%~40% & D TEVEIGERL, ¥
2 B DFEED—OORE LEZ HNTo
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Summary

In previous paper of this series (HAGIWARA, 1980), it is assumed that one of the most reasonable

factor which promote rapid multiplication of seedlings of Trachycarpus fortunei (PALMAE) is due

to the wide tolerance to lower relative light intensity less than 1 %.

In this paper logarithmic relationships between Leaf-area ratio (LAR), Net assimilation rate

(NAR), Relative growth ratio (RGR) and Relative light intensity of seedlings of Trachycarpus

Sfortunei were analysed with the growth analysis methods (BLACKMAN and WILSON 1951 a,b)

through the six growing periods.

1.

4.

The results are as follows :

The hypothetical compensation point (light minimum) of seedling may exist in 0.1%—0.3% re-
lative light intensity which can be estimated from the relationships between NAR, LAR, RGR and
relative light intensity (log scale), and this values agree well with the observed results of sur-
vivorship percentage (HAGIWARA 1980). The differences of compensation point between five grow-
ing periods are not cleary.

NAR show positive relationship with light intensity, but in contrast, LAR increase with decreas-
ing light intensity. The maximal RGR value which is the product of NAR and LAR are maintain-
ed at 50% light throughout all growing periods. This evidence supports that Trachycarpus fortunei
has the quality of shade plant that grow sufficiently under the lower light intensity than under
full day light.

It is completely contrary to the results of THORNE (1960, 1961) that NAR and RGR except
LAR increase with age at every plots. But it is possible to understand that the seedlings have so
long “lag time” more than two growing periods which are included in this experimental periods,
as the growth of Trachycarpus fortunei is very slow in early stage (Fig. 5).

NAR and LAR are not linear relationships to logarithm of the light intensity, especialy in
higher or lower light intensity, but curvelinear relationships are obtained (Fig. 9. 1—6). The re-
lationships between NAR and light intensity (log. scale) are based upon sigmoid curve, and the
value at each light slide towards the upper limited line with the age (Fig. 10).

Conversely, LAR slide from the upper limited line to the holizontal line on the reverse sigmoid

curve with age (Fig. 11). On the other hand, the relationships between RGR and light intensity
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(log. scale) are as in figure 12, the slopes became gentle with age gradually.

5. The rapid increase of LAR with decreasing light intensity is due to significantly increasing LWR
(leaf weight ratio) rather than increasing SLA (the ratio of lerf area to leaf weight) (Fig. 13).
6. The petiole occupied so high ratio (33%—43%) incontrast with stem ( 3 %— 6 %) and moreover,
the seedlings showed large plasticity in differeni light intensity in comparison with dry matter
allocations of each parts (Fig. 2, 3). That results must have been important properties to survive

under the low light intensity for competition with other coexisting plants.





