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Research paper

Leaf Growth Characteristics and Leaf Positions of Different
Shade-tolerant Tree Species with Potential Light-Saturated
Photosynthetic Rates

Yau-Lun Kuo,' Yu-Chieh Kuo'

ABSTRACT

When measuring photosynthetic rates of trees, common practice is to examine the youngest
and fully expanded leaves due to their physiological maturity. However, the validity of this
practice remains to be verified. This study investigated leaf-growth characteristics of tree species
with varying shade tolerance, and measured the photosynthetic rates of fully expanded-leaves at
different positions along the branch in four seasons. The objective was to understand which fully
expanded-leaves on the branches had reached their maximum light-saturated photosynthetic rate
(Amax). Findings revealed that the shade-intolerant species, Broussonetia papyrifera and Premna
serratifolia exhibited higher leaf production rates, shorter leaf lifespans, and reached Amax at a
younger age. These 2 species and the deciduous species Margaritaria indica produced an average
of 7 to 10 leaves on a single branch per month during the peak growing period and their Amax's
was reached in 3 to 5 week old leaves in summer. On the other hand, the shade-tolerant species,
Michelia compressa var. formosana, Heritiera littoralis, Gelonium aequoreum and Drypetes
littoralis had lower leaf production rates, producing 1 to 3 new leaves per branch per month.
Notably, M. compressa and D. littoralis did not produce new leaves in some months. In summer, M.
compressa leaves reached Amax in 7 weeks, and H. littoralis, G. aequoreum and D. littoralisleaves
reached Amax in about 3 months. In each species, leaves reaching the highest Amax Were positioned
differently on the branch among the 10 tested branches during the same measuring month. The
position of leaves reaching the highest Amax on the branch of the same species varied in different
seasons. The leaves reaching Amix were primarily the 2™ to the 5" youngest fully expanded-leaves
for the six evergreen species, while they were the 4" to the 7" youngest leaves for the deciduous
M. indica. Comparing seasonally, during seasons with high leaf production rates, the average
leaf positions reaching Amax wWere located farther along the branch for B. papyrifera, Premna
serratifolia, and M. indica. For the other 4 shade-tolerant species, leaf positions reaching Amax were
also located farther along the branch during seasons reaching Amax with a longer leaf age. In light of
these observations, we recommend that researchers use fully expanded leaves located in the front
1/5 portion of branches for shade-intolerant species, and those in the front 1/3 portion of branches
for shade-tolerant species when taking photosynthetic measurements.

Keywords: fully expanded leaves, leaf age, leaf position on branches, leaf production rate, shade
tolerance
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Table 1. Monthly mean leaf production rates (no. of leaves per branch) of the seven tree species

(mean =+ standard error, n = 10). Species are denoted by genus name

Month Broussonetia  Premna Margaritaria Michelia  Heritiera Gelonium  Drypetes
(i) GIRT) GEH) (BOf)  GRERD  (aln) @)

January 4.0%0.6 2.0%0.2 1.2£0.5 08£0.1 14%+03 0.8+0.1 1.0%0.0
February 47%0.4 1.3£0.5 0.9£0.5 24+05 1.0+00 12%+03 2.5%02
March 52%03 2.61+0.2 3.9£0.5 09+04 2.0£00 1.1£0.1 1.8%0.1
April 53£0.4 2.8+04 6.2£0.4 13202 25£02 19£03 0.8=*0.1
May 7.620.2 32£03 9.0%£0.9 1.0£02 34£03 1.0£0.2 0

June 8.9+0.3 43402  10.5%0.5 1.4£03 27£02 1.0£03 0.6%02
July 8.6£0.7 9.2%0.2 7.3£0.6 1.5£203 2.0£02 15203 1.1%0.1
August 427+0.1 5.1%0.2 6.3*1.0 0702 1.5%£02 09%£02 2.7%03
September 2.84+0.1 24+03 55+1.2 0.8£0.1 2.8+04 15+02 1.5%02
October 2.1%£0.1 1.5£0.2 52+1.1 0 23402 1.1+202 1.2=%0.1
November 1.1£0.1 1.94+0.3 3.0£0.3 0 1.7£04 04=£0.3 0

December 2.9+0.2 1.240.1 1204 1.5£03 22%£03 0.7£0.2 0

Annual mean 4.84+0.7 3.1£0.6 5.0£0.9 1.0£02 2.1£02 1.1£0.1 1.1£03

Leaf production rate (No. leaves branch mo )

—_ —
[\e} NS

—_
[\e}

S W N o

S W &N O
T

S W N O
T

L (A) Broussonetia papyrifera L (B) Premna serratifolia L (C) Margaritaria indica (% %)
(4 | (L43) |
HHI_I’_‘ |_||_‘l_||—| Hﬂﬂm
L (D) Michelia compressa var. L (E) Heritiera littoralis L (F) Gelonium aequoreum
formosana (&« %) (R D) (5 )
Spri i Spri i
[ (G) Drypetes littoralis (44 ) pring Summer Autumn Winter pring Summer Autumn Winter

Spring Summer Autumn Winter

Fig. 1. Seasonal variation in mean leaf production rates of the seven tested species.
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Leaf lifespan (d)
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Month

Fig. 2. Mean leaf lifespan for leaves initiated in different months of the six tested species.
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Table 2. Comparisons of the mean maximum photosynthetic rates (umol CO2 m™ s™') of the seven
tree species measured in different seasons (mean + standard error, n = 10)

Species Spring Summer Autumn Winter

Broussonetia papyrifera 24.1+0.3"Y 28.2+0.6 17.5+0.7° 22.6+0.9°
Premna serratifolia 20.80.3° 22.740.8° 16.10.6" 16.80.7°
Margaritaria indica 17.0+0.4° 12.5+0.3° 13.6£0.4° 12.60.3°
Michelia compressa var. formosana 11.2£0.5" 12.3+0.7° 1224+0.7° 10.04+0.3"
Heritiera littoralis 13.64+0.5" 15.040.1° 15.240.8" 15.14+0.3"
Gelonium aequoreum 12.54+0.3" 103+0.2° 8.81£0.4° 7.6+0.4°
Drypetes littoralis 7.61+0.2° 7.5+0.5" 6.4+0.3" 7.0+0.3"

! Letters among seasons of the same species denote a significant difference according to Scheffé’s test at p < 0.05.
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Table 3. Comparison of the mean leaf age (days) for leaves just reaching maximum photosynthetic
rate of the seven tree species measured in different seasons (mean + standard error, n = 10)

Species Spring Summer Autumn Winter Mean
Broussonetia papyrifera 2742 24+2° 38+3° 41+3° 33+4
Premna serratifolia 49+6" 28+3° 76+5% 101+16° 63113
Margaritaria indica 3544 36+6° 46+6° 90+7" 5249
;Z:jnh;ls; COMpressavar H2+4 48+6° 127+ 10° 133+6° 88+ 16
Heritiera littoralis 138+ 14 86+7° 7546 78+8° 93+12
Gelonium aequoreum 53+4° 95+7° 94+8° 134+10° 93+12
Drypetes littoralis 234+9° 80+6° 105£9° 196+ 8° 149+23

" Letters among seasons of the same species denote a significant difference according to Scheffé’s test at p < 0.05.

12
(A) Broussonetia papyrifera (B) Premna serratifolia (C) Margaritaria indica
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Fig. 3. Distribution of leaf positions on branches for leaves with the highest light-saturated
photosynthetic rate measured in different seasons of the seven tested species.
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Fig. 4. Diagram illustrating the distribution (m) of leaves with the highest photosynthetic rates,
growing along the length of a branch of each species. Species are denoted by genus name. o: Tip
of a branch.
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Fig. 5. Mean leaf position for leaves at maximum photosynthetic rate (Amax) in different seasons
as a function of mean leaf production rates in that season (A), and the relationship between mean
leaf age for leaves just reaching Amax and mean leaf production rates in that season (B). Data are
pooled from the seven tested species.
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