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Research paper

Partitioning of Understory Light Environments
by Seedlings of Tree Species with Varying Shade Tolerance

Yau-Lun Kuo,' Yi-Yang Lin,' Chun-Jung Chou'

ABSTRACT

Light availability significantly influences the survival, establishment, and distribution of
naturally regenerated seedlings. This study evaluated light partitioning and range of partitioning
across light gradients in tree seedlings (15-100 cm in height) of varying shade -tolerance in low
elevation forests in Taiwan. Relative light intensity (RL) values, calculated by simultaneously
measuring light quantum in the understory and in open field, are often used to quantify the
understory light environment. However, RL values measured on high-light sunny days were lower
than those measured on overcast days. To compensate for these differences, we established an
empirical equation to convert RL values obtained on sunny days into a standardized understory
RLadj value based on a light intensity of 500 pmol photon m” s”. Results showed that seedlings
of species of different shade-tolerance classes exhibited distinctly different patterns of light
partitioning. In five forests of southern Taiwan, we found seedlings of highly shade-intolerant
species were concentrated in areas with the highest light levels, with RLadj > 32%. Shade-
intolerant species had more seedlings distributed in high- and intermediate-light environments,
while seedlings of moderately shade-tolerant species tended to be distributed in intermediate-
and low-light environments. However, shade-tolerant as well as very shade-tolerant species were
predominately distributed in low light environments with RLadj < 2%. However, light partitioning
patterns of a few species such as Melanolepis multiglandulosa, Bischofia javanica, Gordonia
axillaris and Champereia manillana were inconsistent with their shade-tolerance classes. We
also found that seedlings of most species investigated were distributed across a range of light
environments. Notably, seedlings of moderately shade-tolerant species exhibited the widest range
of light partitioning among all shade-tolerance classes. In conclusion, the ecological partitioning
of light gradients of tree seedlings in forests with diverse light environments corresponded overall
with their level of shade tolerance based on photosynthesis measurements.

Keywords: light availability, light partitioning, natural-regenerated seedlings, relative light
intensity, shade tolerance
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Fig. 1. Dynamics of open field light intensity (PPFD, <) (A, B) and understory PPFD (®) measured
on an overcast day (C) or a clear day (D) and the understory relative light intensity (RL, o)
measured on an overcast day (C) or a sunny day (D).
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Fig. 2. Range of 30 photosynthetic photon flux density (PPFD) values measured in open field
within half-hour periods: (1) 9:00~9:30, (2) 9:31~10:00, (3) 14:00~1430, and (4) 14:31~15:00,
under overcast conditions on different days.
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Fig. 3. Regressions of understory light intensity (PPFD) (A, B) and relative light intensity (RL) (C,
D) as a function of the open field PPFD. #14 and #1 were two monitoring spots.
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Fig. 4. Variations of the understory relative light intensity (RL) as a function of the open field light
intensity (PPFD). (A), (B), (C), (D), (E) each indicated a specific range of mean RL values with
various monitoring sports.
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Table 1. Multiply factors for converting the understory relative light intensity (RL) values based
on an open field light intensity (PPFDopen) of 500 pmol photon m? s' among different mean RL
levels at various PPFDopen (pmol photon m- s'). Numbers in brackets indicated the original RL
values according to the linear regressions of the corresponding RL levels developed in figure 4

Mean RL levels of the monitoring spots before conversion

PPFDopen Mean
<2% 2~4% 4~8% 8~20% >20%
100 0.82 (1.8) 0.84 (4.0) 0.83 (7.7) 0.82 (18.2) 0.81 (34.6) 0.82
200 0.86 (1.7) 0.87 (3.8) 0.87 (7.4) 0.86 (17.4) 0.85 (32.7) 0.86
300 0.90 (1.6) 0.91 (3.6) 0.91 (7.1) 0.90 (16.6) 0.89 (31.0) 0.90
400 0.95 (1.5) 0.95 (3.5) 0.95 (6.7) 0.95 (15.8) 0.94 (29.3) 0.95
500 1.00 (1.4) 1.00 (3.3) 1.00 (6.1) 1.00 (14.9) 1.00 (27.7) 1.00
600 1.06 (1.4) 1.05(3.2) 1.05 (6.1) 1.06 (14.1) 1.06 (26.0) 1.06
700 1.13 (1.3) 1.11 (3.0) 1.12 (5.7) 1.12 (13.3) 1.14 (24.3) 1.12
800 1.20 (1.2) 1.17 (2.8) 1.18 (5.4) 1.20 (12.8) 1.22 (22.7) 1.19
900 1.29 (1.1) 1.24 (2.7) 1.26 (5.1) 1.28 (11.7) 1.32 (21.0) 1.28
1000 1.39 (1.0) 1.31(2.5) 1.35(4.7) 1.38 (10.8) 1.43 (19.3) 1.37
1100 1.50 (1.0) 1.41 (2.4) 1.45(4.4) 1.49 (10.0) 1.57 (17.7) 1.48
1200 1.64 (0.9) 1.51(2.2) 1.57 (4.1) 1.62 (9.2) 1.73 (16.0) 1.61
1300 1.81 (0.8) 1.63 (2.0) 1.70 (3.8) 1.78 (8.4) 1.93 (14.3) 1.77
1400 2.01 (0.7) 1.76 (1.9) 1.87 (3.4) 1.98 (7.6) 2.19 (12.6) 1.96
1500 2.26 (0.6) 1.93 (1.7) 2.07 (3.1) 2.22(6.7) 2.52 (11.0) 2.20
1600 2.59(0.6) 2.13 (1.6) 2.32(2.8) 2.52(5.9) 2.97 (9.3) 2.51
1700 3.03 (0.5) 2.37(1.4) 2.63(2.4) 2.93(5.1) 3.62 (7.6) 2.92
1800 3.65(0.4) 2.67 (1.2) 3.04(1.9) 3.49 (4.3) 4.64 (6.0) 3.50
4

y = 1E-06x2 - 0.0008x + 1.0335 @

Multiply factor
2

0 1 1 1 1
0 400 800 1200 1600 2000

Open field PPFD (umol photon m™ s™)

Fig. 5. Multiply factors for converting the original
understory relative light intensity values as a
function of the open field light intensity (PPFD).
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Fig. 6. Variations of the original and adjusted understory relative light intensity
values (RL) of two monitoring spots as a function of the photosynthetic photon flux
density (PPFD) measured in open field. (A), (B), (C), (D) each indicated a specific
range of mean RL values as present in figure 4.



Taiwan J For Sci 39(2): 151-69, 2024

B A ATHE o RAHFFEE 53 Y 68 S iR PR BRI
oo FEARHIBAES ~ 5 - DG EARAIITE R
B3~ 11218 - AEHE4SEREREARTT 0 7E
> MEDE R (Table 2) - SEBERTE(T R MEFHRD 9
REHPRYILZERE ~ BER ~ (LEEE ~ (LT - Bai
60% AR A AER Ladj > 32%.Z i mD R » 28
A B AR BAER Ladj < 2522~4 % 2 EEER
$5i(Table 2) - IR ~ FHIEHS - E501F - EFAIRY
ARUZFERLadj > 32%.Z B BREE A i = 1 53 7
el > {HasBRAVEAER Ladj 4~8%:Z SRR ST L
Bl =(35%) (Table 2) o ACHHFZERG MR (i R
LRI AR FofE - Hrh 1B BIHERLadj > 32%
LRGBS i % (54%) » 1 H #EHAER Ladj
8~16J216~32% B —HR =y A bL Bl - B2
TRAE I AT OflE ot Sy 7 Am L BT AN
#30% ; R EA~8% L B
HI5 AR LB B Rs42 ~ 57%) (Table 2) « BT 7%
AN o A ST MR R AT W ARAE oD R A
434fi(Table 2) -

55 B AR WA R 2 28 0 Hh S5 i e e A (i e 1
FRUDE 1618 - HiEiAR KL AERLadj < 8% 31#
SeEM % 0 H KA (Gordonia axillaris)
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Fs Bl 4h » HiARAERLadj > 32% Z ot mal o
T %(27%) » T/KEARFicus fistulosa) ~ 115
(Schefflera octophylla)HIl5Z: AR Ladj 8~16%;2 155
JeEAR ST % (Table 2) 5 & R i A 84
HIFEARTER Ladj 4~8%.Z NeEAR i Z > HilA0K
B (Leea guineensis) ~ THAEG YA (Rhaphiolepis
indica var. hiiranensis) ~ ¥t (Ardisia sieboldii)Z
&M (Machilus zuihoensis) ~ $RIEER} (Heritiera
littoralis) ~ KEELKE(Palaquium formosanum)ZE 5t
TERIFER Ladj 2~4%: SV 253 A5 % (Table 2) © fii
PR (M R SRR VDR E S 7R - o AR
Wi(Machilus japonica) ~ JLEIAR(Psychotria rubra)
BT R TER Ladj 4~8% B Mife % » KIE
15 (Aglaia elliptifolia) ]2 #FRLadj < 222~4%.Z
HEME—RZH DT LBI(36%) » HERdEAZ
TERLadj < 2% Z i AROE BRI A% » (A5l
BIFRIETA60% (Table 2) « S5—J5TH » At et
(M SR V) Ot > A 8T AZ AR Lagj <
2% RSB S A el - Horh A o TERY
530 LEBIER =R 60% 5 2RT > [LAf(Champereia
manillana)E I RLadj 4~8% 2 S ERSFIR S
(Table 2) -

Table 2. Distribution proportion (%) among various light levels for seedlings of 47 tree species in
five forests located in southern Taiwan. Maximum photosynthetic rate (Amax, pumol CO, m s') and
shade-tolerance classes (STC) reported by Kuo et al. 2021. n: sample size. Bold numbers indicate

the light level with the highest proportion

Light level (%)
Species Amax  STC n
<2 2~4 4~8 8~16 16~32 >32
Hibiscus taiwanensis (|LIFE%E) 35.8 1 36 0 0 14 22 64
Broussonetia papyrifera (F518}) 34.1 I 37 0 5 11 19 65
Macaranga tanarius (ILf) 31.9 I 84 0 10 15 10 61
Melanolepis multiglandulosa (&%) 31.0 I 23 17 9 35 22 4 13
Acacia confusa (F8E4) 30.9 1 55 7 4 2 80
Mallotus paniculatus (FE{F) 294 [ 101 3 31 14 43
Trema orientalis ([LIEZ ) 27.7 1 52 0 2 13 8 77
Rhus javanica var. roxburghiana (|1 /E&8&) 26.0 I 20 0 10 15 15 60
Triadica cochinchinensis (F1H) 26.0 I 35 14 3 9 11 6 57
Fraxinus griffithii (F1ZEH) 246 11 66 2 8 21 27 27 15
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Table 2. Continued.
Light level (%)
Species Amax  STC n
<2 2~4 4~8 8~16 16~32 >32
Terminalia catappa (f&{~) 238 I 33 24 42 15 9 3
Ficus septica (FE5ENE) 234 11 31 9 23 23 13 26
Dendrocnide meyeniana (% X)) 23.0 1T 79 22 11 25 20 9 13
Bridelia tomentosa (1 51f) 229 I 68 3 6 18 18 54
Bischofia javanica (%) 22.7 1T 28 0 18 57 21 4
Leea guineensis (K &) 20.1 I 4] 15 24 32 12 12
Machilus zuihoensis (Z51) 19.7 110 9] 30 21 19 5 15
Gordonia axillaris CKIESY) 194 11 49 10 20 23 16 27
Ficus fistulosa (7K[E]AR) 189 1 27 11 7 19 37 19 7
ﬁ%a%h%ogip;é)indica var. hiiranensis 18.1 i 27 5 24 57 14 0 0
Millettia pinnata (7K ) 18.0 1 55 20 26 27 11 9 7
Heritiera littoralis (SREERT) 177 1 29 21 45 21 7 3 3
Palaguium formosanum (KZE[LfE) 17.6 100 48 17 40 33 10 0 0
Planchonella obovata (151 %) 174 11 30 34 43 20 3 0 0
Schefflera octophylla (JT.5-) 17.4 1 21 0 19 28 38 10 5
Murraya paniculata (3 %) 17.3 I 86 23 22 30 13 7 5
Hernandia nymphiifolia GEZER) 169 I 64 31 17 33 14 3 2
Litsea hypophaea (/|MEARET) 16.7 11 67 16 19 30 27 8 0
Barringtonia asiatica (R 16.1 111 90 22 21 32 19 4 2
Aglaia formosana (F1.58) 157 110 118 21 41 27 7 1 3
Ardisia sieboldii (FH12) 15.0 11 106 25 22 39 8 3 3
Machilus japonica (KIER) 149 VI 37 11 30 32 14 11 2
Neolitsea parvigemma (VNFHFAREF) 14.5 VI 63 50 24 18 5 3 0
(C’és%;ﬂgpﬁs%%c)uspidata var. carlesii 141 VI 20 40 15 25 20 0 0
Psychotria rubra (FLEi7K) 13.8 VI 46 24 20 30 13 13 0
Aglaia elliptifolia (KIERITHE) 13.1 VI 33 36 36 22 0 0
Diospyros eriantha (8XZEA) 127 VI 4] 59 25 7 7 2 0
Cryptocarya concinna (1-47§) 125 VI 31 55 35 10 0 0 0
Champereia manillana (1 L) 12.4 A% 98 24 29 33 11 2 1
Diospyros blancoi (FEfifi) 12.3 \% 125 75 10 8 5 2 0
Diospyros maritima (/i) 12.2 \Y 90 63 19 12 5 1 0
Liodendron formosanum (Z#&5=1) 11.5 A% 110 63 29 5 1 1 1
Myristica ceylanica (B S5%) 11.3 A% 74 55 22 14 9 0 0
Drypetes littoralis ($5%) 105 V 34 79 12 6 3 0 0
1llicium arborescens (218 )\ ) 10.3 A% 60 62 18 10 10 0 0
Garcinia subelliptica (FEESTEAR) 10.2 \Y 46 89 2 2 7 0 0
Drypetes karapinensis (32 JJEE§%{t1) 7.8 \Y 30 54 13 17 13 0 3
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Fig. 7. Distribution proportion among light levels in seedlings of tree
species with different shade-tolerance classes. Species in (A) to (E)
were investigated in five forests of southern Taiwan.
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