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Abstract: Eight-year-old Castanea henryi cv. ‘ Changmangzi’ ( Fagaceae) trees were studied in order to explore the
relationship between tree shape and light use by C. henryi, and provide scientific advice on the cultivation and management
of this species. An illuminometer, a chlorophyll meter and a portable photosynthesis system were used to measure relative
light intensity in different tiers of the canopy, and the diurnal course of ecophysiological and photosynthetic parameters were
measured to ascertain the effects of different tree forms on the photosynthetic performance and yield of C. henryi. The results
showed that: 1) the relative light intensities of the three tree shapes (open center, small and sparse canopy, and natural
roundhead ) created by specific training and pruning regimes were all significantly higher than the control (trees not trained
or pruned, but left to grow naturally) for all the canopy positions. Relative light intensity followed the same trend,

regardless of canopy position (open center shape > small and sparse canopy > natural roundhead shape ). The relative light
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intensity in the outer layer of the open center shape was highest (93.89% ), This was 10.34% higher than the value for the
small and sparse canopy shapes, 23.29% higher than in the natural roundhead shape, and 41.08% higher than the control.
These results indicated that C. henryi received more light when it had an open center shape. Diurnally, the net
photosynthetic rate (P,) for C. henryi leaves taken from different shaped trees had two peaks at 10:00 and 14:00. The P, for
leaves on the open center shaped trees (9.97 umol ms™) was higher than the values for the other two shapes and the
control. 2) Some photosynthetic parameters differed significantly among the tree shapes. The maximum P, and the light
saturation point in trees with the open center shape were higher than the values recorded for the other tree shapes. However,
the CO, compensation point and dark respiration rate for leaves on the open center shaped trees were lower than the values
for the other two tree shapes and the control. Additionally, the carboxylation efficiency of the open center shaped trees was
significantly higher than it was for the other shapes, all of which indicated that the photosynthetic performance of the open
center shape trees was better than the other shapes. 3) The chlorophyll fluorescence parameter results showed that maximum
), PSII maximal efficiency (F /F

fluorescence (F ), PSII potential efficiency (¥,/F,), and the electron transport rate

m m

(ETR) for each of the three tree shapes significantly improved compared to the control. The ETR in the open center shaped
trees was higher than the ETR values for the other two tree shapes and the control. 4) There were significant differences ( P
<0.01) in P,, transpiration rate, F /F , ETR, chlorophyll content, and yield per plant, and the correlation index
between P, and yield per plant was highest (r=0.835). Thus, manipulating tree shape by training and pruning can
significantly improve the ventilation and light conditions in the inner layer of a tree, improve the utilization ratio of light
energy, and increase yield. Based on our results, C. henryi trees with an open center shape are superior in light energy use
to the ones with small and sparse canopies and natural roundhead shapes. Therefore training and pruning C. henryi to have

an open center shape will improve yields.

Key Words: Castanea henryi; tree shape; photosynthetic characteristics; net photosynthetic rate; electron transport rate
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Table 1 Relative light intensity in different tier of canopy of C. henryi with different tree composition

AHXTIEARGE BE Relative light intensity /%

Uiz

Tree composition RSN B2 R P
The outer layers of the canopy The inner layers of the canopy  The center of the canopy  Average value

A 93.89+1.23 a 82.67+1.04 b 92.30+3.91 a 89.62

Open center shape

INTF I = A

P 83.55+1.44 b 65.09+2.35 54.39+2.01 d 60.33

Small and sparse canopy shape

SNBSS

RABH 70.60+2.10 ¢ 11.99£1.98 e 9.72+0.64 e 30.77

Natural roundhead shape

Xt AR CK 52.81+1.11d 7.55+0.87 f 6.45+0.71 f 22.27

TE AR B/NG FRMURA R A [R5 2 Z 07775 .35 1 22 5 (P <0.05)
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Fig. 1 Diurnal course of photosynthetic ecophysiological parameters on different tree composition of C. henryi
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Table 2 Daily mean of photosynthetic ecophysiological parameters of C. henryi with different tree composition

RHE HlG A R AT Mila) CO2 e Fiy i & ZRIRIE T Bk G WU
Tree composition P, G, C; T, VPD PAR
LT

5.390.23 a 0.110.0081 a 284.704.01 a 3.190.11 a 3.090.094 a 1066.5745.78 a
Open center shape
N R
MERER 4.600.22h  0.0890.0067 b 286.653.36 a 2.730.16 ab 3.100.18 a 1026.8653.47 a
Small and sparse canopy shape
P NS
AR 3.860.22 ¢ 0.0800.0033 b 278.32 £3.30 a 2.560.26 b 2.980.12 a 1086.7651.68 a
Natural roundhead shape
X B& CK 4.060.19 ¢ 0.0810.0049 b 280.342.87 a 2.580.31 b 3.280.16 a 1013.9061.74 a

I BIAR R B/ NE TR ML Z WA 7E 35 122 57 (P<0.05)
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Fig. 2 Responses of the net photosynthetic rate (P, ) to different PAR and different intercelluar CO, concentrations of C. henryi for

different tree composition
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Table 3 Parameters of photosynthetic rate in response to PAR and CO, concentration of C. henryi for different tree composition

" - /NEBZEE EpNDSIZ
Sea s e N J2 B ERNPSZ an
. Small and Natural roundhead
Photosynthetic parameter Open center shape CK
sparse canopy shape shape
FOOEATE P,
) ) o 10.10+0.40 a 8.38+0.15 b 7.64+£0.43 ¢ 6.78+0.45 d
Maximum net photosynthetic rate ( umol m™“s™")
YRS, LeP
j‘t%Mr . P 14.78+1.46 ¢ 17.63+0.63 b 15.22+1.07 ¢ 19.60+0.77 a
Light compensation ( umol m™"s™")
JCHIAS LSP
. . o 1261.13+62.84 a 1093.20+45.022 b 1097.99+42.32 b 962.90+26.07 ¢
Light Saturation ( umol m™"s™")
GNP R,
1.11£0.039 ¢ 1.22+0.050 b 1.15+0.040 be 1.46+0.045 a
Dark respiration rate ( wmol m™2s™!)
M TR AQY
FRETFREAQ . o 0.076+0.0026 a 0.069+0.0044 b 0.077+0.0025 a 0.076+0.0023 a
Apparent quantum yield ( pwmol mol™")
CO, #MzRL CCP
111.37+5.67 a 82.82+6.33 b 106.73+£9.76 a 113.39+6.21 a
Carbon dioxide compensation ( wmol mol™")
CO,f A csp
o ) . 1230.11+40.15 b 1244.03+£45.57 b 1409.90+26.24 a 1312.50+£52.71 b
Carbon dioxide saturation ( pmol mol™")
BAVAE CE
&ﬂ.ﬁ)&}: e . 0.044+0.0027 a 0.034+0.0035 b 0.027+0.0025 ¢ 0.030+0.0016 be
Carboxylation efficiency ( mol m™s™")
TE  FHEA R /NS F R A RIRDE Z 077 3% 122 5+ (P<0.05)
x4 HEEREREHRIERASE
Table 4 TChlorophyll fluorescene parameters of C. henryi with different tree composition
- Bt RHE PSIL B SOBAER0R  PSINAE AL B0 PR
T . Initialfluorescene Maximal fluorescene  PSII maximal efficiency PSII potential efficiency  Electron transport
ree composition F, F FF, FF, rate ETR
T
167.9613.15 a 868.9514.27 a 0.810.018 a 4.350.31 a 121.787.60 a
Open center shape
INEBETE
bt 157.2710.62 a 828.5927.63 b 0.810.0065 a 4.280.18 a 99.629.78 b
Small and sparse canopy shape
RIS
e 155.0716.08 a 796.4023.41 b 0.810.015 a 4.000.14 a 103.975.54 b
Natural roundhead shape
X HE CK 147.6511.13 a 677.3620.42 ¢ 0.780.010 b 3.600.22 b 105.90£6.15 b

T BIAE /NG FRHUR A R Z A7 B35 122 57 (P<0.05)
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Table 5 Correlation analysis between photosynthetic characteristics and single plant yield (n=20)

JeAPERETE bR P AR R bkt
Photosynthetic performance index Average single fruit weight The number of fruit Yield per plant
e o 0.854 ™ 0.759 ** 0.835™
Net photosynthetic rate(P,) ’ ) ’
L o
Stomatal conductance( G, ) 0.621 0.802 0.828
I COLTE 0.842° 0.397 0.440
Intercellular CO, concentration( C;) ’ ' ’
R - *
Transpiration rate( 7)) 0479 0.500 0.566
PSIL 5 KO85 . 0.373
PSII maximal efficiency(F,/F,,) 0518 0711 ’
PSI LRI 23R . o
PSII potential efficiency (F,/F,) 0.793 0.641 0.595
ISR ST PUES N
0.245 704 ** 779
Electron transport rate ( ETR) 0.704 0.779
4522 4 _
tERAR 0.374 0575 0.581 "

Chlorophyll content

Y BEAKE P<0.01, KT P<0.05
3 Fig5iig
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DRSO iR A 1T AR AR 5 R (¥ AL BB S P DG B AR DG i i A= 1200 1ede
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556 RE T s CSP 1 CCP 43 SN Fm LRI T i CO, R CO, I RE 31320 o AT 77 3% ] = AP0 4 SE -y
XEH CO, BIF R BEE LR A CO, e BE RGN 52 55, 2HDOLim M CO, MBI B| —E(H)5 , P, A LI ETE
— KN A — AN R R A S R G R A RE I AS R, T IR HE S AT R i B IO & s DG A
SR TN E AT A SR B | 0GR SRR R 33 3R 0 AT LA | 2% B IO T A SR 1
XOEREENE), SE A BESI58 ; [ —mHY A R R HE S 5% CO, A HTBE Tt AR, =R RE A 28
B SRR CO,HIA R R R 1409.90 pumol mol ™", /NEHZIE M A CO, #ME KT AR (82.82 wmol mol ™)

4 RIS HORICAAE IR E , TR A A6 A R AL & A BR S 19 ETR AR
KPEEE FARIL T RO E BRI KN, BCRE T AR DG RENT G & L T2 B 9 2 38 R 0 A
WSS =FhESROE b IO IEHESRHAR ETR (8.3 = T/NEBUZ LA A SR BELIE SR WO HE SR A B AT
B RO AR, rTREIERZ PS IR H OB DL BERL 2 s/ FE 25 e 5 v 1534 T B0 54
FH AT € B 650 s ) R A 3 R A2 800K B T 219 ATP M NADPH, St & ik [ AL S 11 1 587>
R JELRE T FIRE Bt 3 FT RE SR ST AR T e 7 ) o 2 AR R 2 — . 238 BN, TR OB HESERHRTE S0 &
BT T B SR IE ST/ N JZIE A7) T HESH ™ Gl B2 e R
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