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Research paper

Comparisons of Leaf Water Potential and Photosynthesis
of Understory Shade-tolerant Saplings at the Duona
Landslide Site During the Rainy and Dry Seasons

An-Ching Chung,"* Yau-Lun Kuo®
ABSTRACT

Following the Duona landslides that occurred in 2009, secondary forests, with many juveniles
growing in the understory, have since developed in some sites. This study compares the predawn
leaf water potential (Wpa) and net photosynthetic rate (Pn) of saplings of shade-tolerant tree species
of the secondary forests during both rainy and dry seasons, and explores the effects of water and
light availability on the photosynthetic rates of these saplings. The gap fractions of 100 small plots
within the secondary forests were measured in both seasons, and the total diameter at breast height
(T-dbh) of trees growing in each plot was calculated. Results indicate that during the late-dry
season, the shedding of upper canopy leaves resulted in a 74% increase of photosynthetic photon
flux density available for saplings compared to the rainy season. We also found significant negative
correlations between gap fractions and T-dbh values in both dry and rainy seasons. The Wpa values
of all ten tested species during the early-and late-dry seasons were significantly lower than those
during the rainy season, although the extent of reduction varied among species. By the late-dry
season, the Wpa value for Glycosmis parviflora var. parviflora saplings was -2.70 MPa, while that
of Acer albopurpurascens saplings was -0.74 MPa, indicating higher water availability for the
latter species. The Pn values of saplings of Neolitsea parvigemma, Litsea hypophaea, Machilus
philippinensis, and Acer albopurpurascens did not show significant variation across the three
seasons. However, when data from these four species were pooled, the Pn» measured in the two dry
seasons were significantly lower than those in rainy season. The P» measured in the late-dry season
was 78% of that observed in the rainy season. During the late-dry season, the Wpa values of the
saplings were significantly negatively correlated with the T-dbh values of trees in the small plots,
suggesting competition for water between the saplings and nearby trees. The results suggest that
T-dbh of trees can serve as an indicator of both water and light availability in small plots during
the late-dry season. In conclusion, the study found that light availability increased, while soil water
availability significantly decreased in dry seasons resulting in reduction of the photosynthetic rate
of the understory saplings in the secondary forests of Duona landslide sites.

Keywords: net photosynthetic rate, predawn leaf water potential, total diameter at breast height,
water availability, water competition.
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Fig. 1. Monthly mean temperature and precipitation at the Duona site in southern Taiwan, in 2018
and 2019. Monthly mean temperature was 19.2°C and annual precipitation was 3381 mm in the
study area. Stars denote the sampling months of photosynthetic rate (k) and water potential (y)

measurement during the study.
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Fig. 2. Relationships between gap fraction and total diameter at breast height (T-dbh) of trees
growing in each small plot at the Duona landslide site during the rainy season (A) and dry season

(B). *** p < 0.001.
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Table 1. Mean photosynthetic photon flux density (umol photon m” s™) on leaves of saplings of 4
tested species in different seasons at the Duona landslide site (mean =+ standard error, n = 6~8)

Species Rainy season Early-dry season Late-dry season
Neolitsea parvigemma 4454195 248 76" 778 £ 124°
Litsea hypophaea 5154210 315+102° 806+ 187
Machilus philippinensis 412+156° 304+113° 673+235"
Acer albopurpurascens 350+252% 288+135° 729+202°

1 . . . . . .
) Different lowercase letters denote a significant difference across seasons of the same species according to

Scheffé’s test at p < 0.05.
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PPFD (umol photon m™s™)
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2 =0.19*%
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Fig. 3. Relationships between photosynthetic photon flux density (PPFD) on leaves (measured
during photosynthetic measurement during the rainy and late-dry seasons) of all saplings of the 4
tested species and gap fraction (A, C) and total diameter at breast height (T-dbh) (B, D) of canopy
trees in each plot at the Duona landslide site. * p < 0.05, ** p <0.01.
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Table 2. Mean height and predawn leaf water potential (Wpa, MPa) for saplings of the 10 tested
species during rainy season, early- and late-dry seasons at the Duona landslide site (mean *
standard error). Sapling heights were measured in Aug. 2018

Species Mean height (cm)  Rainy season  Early-dry season Late-dry season
Neolitsea parvigemma 108£13 -0.25+0.04" -1.13=*0.11° -1.33£0.10°
(INFHARTEF) (n=238) (n=7)"" (n=6)" (n=17"
Litsea hypophaea 71+11 -0.20+0.03° -0.89+0.07° -1.1240.10°
(IMEEARELF) (n=9) (n=9" (n=9)"" (n=9)"
Machilus philippinensis 71=£11 -0.47+0.06" -1.22+0.12° -1.380.09°
(FEEERD) (n=9) (n=9)° (n=9" (n=9"
Acer albopurpurascens 95+ 16 -0.24+0.04" -0.74+0.13 -0.747+0.04°
(2R (n=8) (n=6)"" (n=8)" (n=8)"
Maesa perlaria var. 10649 -0.36+0.04" -0.87+0.15° -0.95+0.14°
Sormosana (E£1 LIFAE) (n=106) (n=6)" (n=6)" (n=6)"
Wendlandia uvariifolia 85+21 -0.27+0.03° -0.84+0.14° -1.09+0.08"
(K sfRsh) (n=106) (n=6)"" (n=6)"" (n=6)""
Eurya septate 107+9 -0.36+0.06" -1.16£0.35° -1.31£0.15°
(BEEAS) (n=106) (n=6)" (n=6)" (n=6)"
Psychotria rubra 122+6 -0.24+0.05° -1.01£0.07° -1.84+0.21°
(JLEIAR) (n=17) (n=7"" (n=7" (n=7°
Hydrangea chinensis 74+8 -0.25+0.06" -1.630.24° -2.13£0.19°
(/L) (n=17) (n=7"" (n=7° (n=7°
Glycosmis parviflora var. 84+13 -0.24+0.03" -1.75+£0.27° -2.70+0.24°
parviflora ({1%5) (n=35) (n=5" (n=5° (n=5)°
Mean -0.2940.03° -1.1240.12° -1.4610.19°

" Different lowercase letters denote a significant difference among seasons of the same species according to
Scheffé’s test at p < 0.05.
? Different uppercase letters denote a significant difference among species of the same season according to
Scheffé’s test at p < 0.05.

Pps (MPa)

-4
(A) Rainy season (B) Early-dry scason (C) Late-dry scason .
3+ L NS Ly = 0.0028x + 0.8132 .
® ri=020%4% p="T5e, .
NS . . : .
2 F . . s o .
LT TR 2l N - ol r S
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
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Fig. 4. Relationships between predawn leaf water potential (Wpa) of all saplings of the 10 tested
species and total diameter at breast height (T-dbh) of canopy trees in small plots at the Duona
landslide site during the rainy season (A), early-dry season (B), and late-dry season (C). NS p > 0.05,
**% p <0.001.



Taiwan J For Sci 39(1): 37-51, 2024

HAAEHBIR B SRR

TENZHRAEEH » /NFEHARE T ~ /D
RERTE - HEBIHY L8O G R (Amen) 53711 Ky
6.84+1.03 ~ 6.9420.97 pmol CO2 m™ s > TiELRA
BHETEEZZRTHER) RERIHER) » HAnadEER
4E4.49~5.52 pmol CO2 m™ s &[] ; JERERI=
FRH Amean EETE3.50~4.86 pmol CO2 m™ s »
TR B TR Amean B < 4.0 pmol CO2 m™ 5™
(Table 3) - MFERILLER > /NGFEHTARE T R/ MEAR
BN ZR R R N Ameanl - SR R TE
R B B, » (EL A RZ 2 S L A A ) A mean
(B AN B R 7 5(Table 3) » L [a] — R fE3 T4
Amea{HRYZEEL » FEBIR T/ IMEAREE TR ZTRIRF Amean
H#EESRZETRZIN - SB3MEE3ZEEH
Awean{ IR BEE 725 (Table 3) - AHFHABITRELE
[E]— 2RI Amean 5 » TR ~ HZ2TRATHA - H2 1R
A AT -2 AmeanfEL(Awve) 731 F55.51£0.74 ~
423+0.50 ~ 4.33+0.57 pmol CO2 m” s » (§ZEEF4
ETERERTY Ano BB RRFETRRT ~ M - 4z
ZERRIR Awe B AN HLEEZE 72 52 (Fig. SA) -

HE4EHE S FRARET AN BB
Mk IR R

TARZE e HZZRI - /AR ~ /MR
B FIERHEREIEOL A TERIERP) - ZhEH
SCEAENRERMEE A (Fig. 6)  HIEHEME

45

St > 1100 pmol photon m™ s™ BT PufE S T
fE&(Fig. 6C1) » REZZFERI - A/ NFHARE T &
FERE R HER Y P o BRI A1 2 LR (R B R
(Fig. 6A3,C3)

A1 ] — el e FEARHERDE & R P B SE AR B4
BRI - HA/MEREFEMRZ(Fig. 7A) » D
K IERE R TRTHI(Fig. 7B) » FARHERHIP
HERI W oo SRR A MIRAGR 5 REZZRIAHE4
FA R AR E1Y P B W o P51 LB AHRR (BORER
HUR) o A HFELARIEFER R —ZRE00 W il -
M~ 2R ~ BRI 3 W pdfE (W -
ave) 73 A1 -0.28 0.05 ~ -1.01+0.11 ~ -1.12+0.14
MPa » Z{AFHIAY U ool BEAE 2 H > LIS
TN B AK(Fig. SB) © HLASREURIZRE 4
o REMERS T SIS R /K S » AT < SR TR A
HEFE R AncfE (Fig. SA) - GHFILATELE R
— I EINOLREIE - HAEBIHTENS - 173
AT ~ HZ 2R IR R R A0 Bl R 430 £ 34
289415 ~ 747429 pmol photon m™? s » ={HZE
PREEER - DS RINPERERS
R ATYR R (Fig. 5C) - SR RIVItARITRHER
ZENDCEIRMER RS S NE - RMEZZ %]
Y Ane{E AIERZ AR 3R (Fig. 5A) -

S

AW T2 5 DAL HE 5 T 61 1 3 W] P 7k 20 sk

Table 3. Mean net photosynthetic rate (umol CO: m” s™') measured during different seasons in
saplings of 4 tested species at the Duona landslide site (mean + standard error, n = 6~8)

Species Rainy season Early-dry season Late-dry season
Neolitsea parvigemma 6.84+1.03"" A? 5.52+0.77°A 5.47+0.88° A
Litsea hypophaea 6.94+0.97" A 4.49+0.82° A 5.12+0.47" A
Machilus philippinensis 4.86+1.28"B 3.72£0.60" A 3.50£1.15°B
Acer albopurpurascens 3.74+£0.98°B 320£1.06"A 321£0.64°B

D Different lowercase letters denote a significant difference among seasons of the same species according to

Scheffé’s test at p < 0.05.

? Different uppercase letters denote a significant difference among species of the same season according to

Scheffé’s test at p < 0.05.
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Fig. 5. Comparisons of averaged photosynthetic rate (Aav) (A), averaged predawn leaf water
potential (Wpa-ave) (B), and averaged photosynthetic photon flux density (PPFD) (C). Data were
pooled from all the saplings of the 4 tested species at the Duona landslide site. Different lowercase
letters among seasons denote a significant difference according to Scheffé’s test at p < 0.05.
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Fig. 6. Net photosynthetic rate (Pn) as a function of photosynthetic photon flux density (PPFD) in
saplings of the 4 tested species at the Duona landslide site during the rainy season (A1~D1), early-
dry season (A2~D2), and late-dry season (A3~D3). NS denote p > 0.05, ** p <0.01, *** p <0.001.
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Fig. 7. Relationships between net photosynthetic rate (P») and predawn leaf water potential (¥pa) in
saplings of Litsea hypophaea during the rainy season (A) and Machilus philippinensis during the
early-dry season (B) at the Duona landslide site. * p < 0.05.
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