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Abstract: [Objective] Canopy is an important part of the interaction between trees and external
environment. The study on spatial variation law of photosynthesis in different parts of Chinese chestnut
canopy provides a theoretical basis for revealing Chinese chestnut canopy productivity. [Method] The 8-
year-old Chinese chestnut trees were used as tested materials, the Li-6400 portable photosynthesis
measurement system was used to determine the diurnal changes of photosynthesis in different canopies and
positions of the Chinese chestnut canopy in July, fruit collection was carried out to determine the economic
traits of nuts in September. Variance analysis, path analysis and regression analysis were done on the base of
indexes. [Result] (1) The daily dynamics of photosynthetic rate (P,) in the upper east, middle east, south
middle, and lower south showed a unimodal curve distribution; the rest of the region showed a bimodal
curve, and the areas showing a bimodal curve distribution all presented a “midday depression” phenomenon
at 13:00. The daily dynamics of water use efficiency (WUE) in each canopy area presented a bimodal curve.
(2) In the vertical direction of the canopy, the deficient vapor pressure (V,q) and intercellular CO,
concentration (C;) were shown as “lower > middle > upper”. The maximum values were 2.13 kPa, 274.93
umol/mol, and the minimum values were 1.95 kPa, 258.75 pmol/mol; photosynthetic rate, stomatal
conductance (G,), transpiration rate (7;), photosynthetically active radiation (PAR), WUE and carboxylation
efficiency (V) presented a “upper > middle > lower” phenomenon. The SPAD and specific leaf area (SLA)
had significant differences in the vertical canopy (P < 0.05), and both showed “lower > middle > upper”.
(3) In different directions in the canopy, the strongest photosynthetic capacity was in the east, but the
photosynthetic indexes were not significantly different compared with the vertical canopy. The SPAD only
had significantly difference in the east, west and north directions. The SLA was not significantly different in
varied directions. (4) Path analysis showed that the main factors affecting P, were T,, WUE, V, V41, G, air
temperature (7,) and Cj, only T, had an inhibitory effect on the P; 7} and V. were the physiological and
environmental factors that had the greatest influence on Chinese chestnut photosynthesis.(5)In the vertical
canopy, the P, was significantly or extremely significantly and positively correlated with the single fruit
mass, bur nut rate and yield per unit area, and the correlation coefficients were 0.872, 0.965 and 0.958,
respectively. In the horizontal canopy, the P, was significantly positively correlated with the single fruit
mass and yield per unit area, and the correlation coefficients were 0.777 and 0.487, respectively. A
comprehensive analysis of the horizontal and vertical canopy showed that the P, was significantly or
extremely significantly and positively correlated with the single fruit mass, bur nut rate and yield per unit
area, with correlation coefficients of 0.600, 0.669 and 0.532, respectively. [Conelusion] The photosynthesis
of Chinese chestnut has obvious spatial heterogeneity, and the difference between photosynthetic index and
fruit yield is the result of synthesis of vertical and horizontal canopy. In Chinese chestnut production,
pruning should be reasonable to improve the efficiency for solar energy utilization in the lower and middle
part of canopy, so as to increase the fruit yield.
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Fig. 4 Diurnal changes of WUE in different directions
at the same canopy
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Tab.2 Comparison of photosynthetic physiological indexes in different directions of Chinese chestnut

77 7] Direction

KA SRR
Physiological and ecological index of photosynthesis % East % South 7 West 1k North
LA I3 % Net photosynthetic rate (P,)/(pmol-m~s™) 13.18 £2.95a 10.50 = 2.54b 8.94 +2.30c 10.78 + 1.90b
{AL'FZ Stomatal conductance (G)/(mol-m*+s™") 0.18 £ 0.05a 0.15+0.02b 0.14 £ 0.02b 0.15 + 0.04b

fU[E]CO,¥#K % Intercellular CO, concentration (C;)/(umol-mol ")
7% 1534 % Transpiration rate (7,)/(mmol-m*s™")

FKIE 75 B} Vapor pressure deficit (V,q )/ kPa

Kl Air temperature (7,)/ °C

i Leaf temperature (77)/ °C

KACO,#E Atmospheric CO, concentration (C,)/(umol-mol™")
S AT Relative air humidity (RH)/%

H& 4 %R ST Photosynthetically active radiation (PAR)/(umol-m2-s™")
SALBRHIME Stomatal limitation (L)

K53 FIF %2 Water use efficiency (WUE)

AL Carboxylation efficiency (V)

286.67+22.00a 272.17+18.24b 263.60 +10.53b 251.00 + 18.41c

3.12+0.54a 2.64 +£0.35bc 2.47+0.39% 2.80+£0.63b
1.89+0.18a 2.05+0.12b 2.08 £0.14b 2.10£0.19b
31.67 £0.50a 31.68 £ 0.44a 31.98+0.48ab  32.12+0.98b
31.52+0.52a 31.66 £0.56ab  31.87+0.49ab  32.01 £0.99b

441.44+20.25a 41550+8.62b  409.12+8.21c  414.70 £ 3.94b

52.15+2.03a 50.66 £ 1.37b 50.37 + 1.74b 50.82+3.07b
731.63+5824a 747.22+64.59a 749.90 £31.65b 703.40 £ 56.30b

0.350 £ 0.05a 0.345+0.04a 0.356 £ 0.02a 0.395 £ 0.04b
420+0.52a 3.97 £ 0.79ab 3.65+0.90b 3.99 + 0.86ab

0.046 £0.01a 0.040 £ 0.01b 0.033+£0.01c 0.043+£0.01a

AN FRARES A LB SR FEAFR L 7 Z F BF (P < 0.05). T, Notes: different lowercase letters represent significant
differences among photosynthetic physiological and ecological factors in different treatments (P < 0.05). The same below.

®3 WEARBEENLSEBIERALE

Tab.3 Comparison of photosynthetic physiological indexes in different canopies of Chinese chestnut

JeH AR bR

5 JZ Canopy

Physiological and ecological index of photosynthesis

P,/(umol-m2-s™")
GJ(mol'm2s™)
C/(umol-mol ™"
T./(mmol-m2-s™")
Voa/kPa

T/

/¢
C,/(umol-mol ")
RH/%

PAR/(umol'm2-s™")

I Upper 1 Middle N Lower
13.28 +2.11a 10.97 +2.41b 8.30 + 1.43¢
0.18 +£0.04a 0.15+0.03b 0.13+£0.02¢

258.75 +23.68a

271.40 +20.19b

274.93 £ 18.53b

3.11 £0.45a 2.76 £ 0.49b 2.41+0.46¢
1.95+0.19a 2.02+0.15b 2.13+0.15¢
31.90 £ 0.62a 31.82+£0.59a 31.86 +0.76a
31.77 £ 0.64a 31.69 £ 0.62a 31.83+0.81a

423.15 £20.96a

419.65+ 17.52a

417.78 £11.93a

51.29+2.19a 51.14 + 1.85a 50.57 +£2.58a
757.88 £ 34.19a 723.43 £ 61.08b 678.23 £ 62.78¢c
0.389 £0.05a 0.353 £ 0.04b 0.364 £ 0.04b
4.29+0.53a 4.02+0.83a 3.54+0.82b
0.052+0.01a 0.040 +0.01b 0.030£0.01c

GERFEAR — . AWITCH, B G Vg Tos T L b
FE A IR bR S H A N, TR R
BH, H 4% (Robinia pseudoacacia) B 76 A [7] JZ IR 1K
WA R AT RIN: > F > K, AR
S5 5 AR, BRI GG AR A SRR BAEAE
JiBLlaAg — % 22, ABECH T E 5 A 2 R W25 . |
NUARRAEC Corylus avella)" At  Citrus reticulata)™”
SENWT TR RULE, ARG AL Ot AR —E

22 s 1 R AP LLAE L Y& m A (Larix principis-
rupprechtii) JYRIF TR G0 BIR e A [5) 77 AL 1 K B 23
A TR bR 0 3 2 s 0E B R LR IL =2
(Picea schrenkiana var. tianschanica) N 70T %, Ui
B RHAE I (i e A TR B B 2 & T B AR it &
STz VD) Ol o 1 /NG 1 A ST P T o N R A =4
HCSFATANF I T M T2 B S5 1 22 5=, TN
ZANIE T3 1) B A B R R PR ), 30T U7 AL TE] %
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MR F R GE 2 PO A E % . E S WL N 4 BIMRERZR. 7. . L,
U. M. D i Q& 5e J2 L& 5 )2 Pl 5 /2 N A8, N IA. The dotted
line in the figure indicates the average canopy photosynthetic rate. E, S,
W and N represent east, south, west and north, while distribution of U,
M and D represent upper, middle and lower canopy, the same below.
K5 e EAN R KOs Gl F A 2 L
Fig. 5 Analysis of net photosynthetic rate in different
regions of the canopy
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e A B S AU R ) O £ e D I B L A
bR, ASHE T dE @ AR 0 T A5, 28I I R (T K7

FIH 22 (WUB) A E (V). KR & 7 6t
Vo)~ AL T E (GO AR (T K 1A CO, K JEE
(COR TR ZE R AR (PO FEERF T H
A T, % Py R HHIE A, 38 SR T m B — e R
B, YA I T R, X5 Gao S50 [ AT 45 R
— 8, RS ENH, BRUBETOE P, RIEMK,
FARICHEER &, N 0.904 5, 785 HE R (THOMSIL G
(GO A EA BRI B A R R 24 Y, B 55
N 0.572 F110.733 6, HEEIEAE RETLLE H, 7K
VR 5 R (Vg 2 AR S & R 56 e B K I A 458
K7, HAB 9—0.135, 28153 R (T & X i SR & 1
FH 5 B K 9 AR 3R 7, HAE D 0.572, BT K v Bk
ST S A TR,
33 WEXAEGEREMTFERKEECERRELSS=E
FHOR 22 DI, KA AN RE, &
AR RLse g BEA OGO RO AR AU A [F]
g 2 X SR SR P AT SR L, B R TR E )R
IR 2, A R B T AR S Y R
N E ST E AN P W= R E =R 0V PN

x4 EEESEFIHRESLERENBRONER

Tab. 4 Path analysis results of Chinese chestnut net photosynthetic rate with physiological and ecological factors

s FRMRRE  HEERERY )28 4% /22X Indirect path coefficient IR EL
Factor Simple correlation Direct path Decision
coefficient coefficient v, G G, WUE T, VoL T, St Total  coefficient
V. 0.904 5 0.178 -0.0204 0.0188 03102 0.3586 0.0566 0.0027 0.726 5 0.290 3
(o 0.0650 0.074 —0.049 1 0.0055 -0.0592 0.0778 0.0294 -0.0134 —0.0090 0.004 1
(€N 0.7626 0.029 0.1155 0.0140 0.0882 04410 0.0691 0.0057 0.733 6 0.043 4
WUE 0.5828 0.548 0.1007 —0.008 0  0.004 7 -0.0726 0.0510 —0.0410 0.034 8 0.338 4
T, 0.7200 0.572 0.1116 0.0101 0.0224 —0.069 6 0.0410 0.0325 0.148 0 0.496 5
VoaL —0.5450 —0.135 -0.0746 —0.0161 -0.0148 -0.2071 —0.1739 0.076 6 —0.4100 0.128 9
T, —0.0270 0.108 0.0045 —-0.0092 0.0015 —-0.2082 0.1722 -0.0957 -0.1350 —0.0175
60 140 c a
c a T a 2
b T a a s
sl @ ab b 20t 1 L i
i NN %7 : NN
A 100} N
50 I N %

N
S

AR 4R it
Relative chlorophyll content (SPAD)
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W wn
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Fig. 6 Analysis and comparison of SPAD and SLA at different canopies and directions
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Fig. 7 Differences in single fruit mass and bur nut rate between

vertical canopies and different directions
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Fig. 8 Differences of yield per unit area of Chinese chestnut fruit in
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Tab. 5 Correlations between single fruit mass, bur nut rate and yield per unit area of fruit and photosynthetic index

58257 Canopy type FRHT Index P, G, C; T, WUE
Fki 7 B Single fruit mass 0.872* -0.799 0.946 0.986* 0.061
ﬁﬁ’@c}% 522 Bur nut rate 0.965%*  —0.921* 0.996 0.917 0.301
Vertical canopy
AL A7 Yield per unit area 0.958%*  —0.988 0.892 0.569 0.759%*
Fki 5 B Single fruit mass 0.777* 0.720 0.728 0.668 0.8427%*
KR
H?’EE Hi 523 Bur nut rate 0.610 0.720 0.416 0.687 0.393
Horizontal canopy
AL AN & Yield per unit area 0.487* 0.527 0.849 0.337 0.499
Fki 5 B Single fruit mass 0.600* 0.363 0.206 0.490 0.699*
K x FEH 2
Horizontal canopy * vertical canopy 4 S22 Bur nut rate 0.669* 0.536 0.112 0.654* 0.606*
A7 TH AR B Yield per unit area 0.532%* 0.460 0.572%* 0.441 0.498*




10 4

TR BRI 2 B R A 23 18] 3 R PRI 9 81

B HSERY R B> tpo> TFREUE, B E
b >R > RS KPR B MR RTINS
TR A, RSN R SR ROR, W A BT
P B i e, 14 0.200 kg/m?, AV L ZR T 0.007 kg/m?s
DAL, A 56 2 A 77 STt B oy B R E &
VE FH B2 B AR AR SR, 7B SERRAE =, B A HE
1B, S e 2 TR R FH % .

(3D X 43 2 5 B (SPAD) A EL - THT A (SLAD
103 Bk 2 (8] 35 W8 10 A8 AR, Y B et J2 o
(7t i PR, 62 AR i R A A, Ll
Tk KA A T AR A B R A R Y e IR SR
R, M EE G Tl 5 5

(4) 75 ¥ T8 e J2 AR S 6 6 1 F 52 fe K 11 A=
A, KR 5 i X AR S A A FH 5 1) g5 K )
IEER -, SRR T 1

& % x o

(1] BB, B, BRI, 55, B AT A 5 )2 ' o e PR 1) 2 0]
AARLT]. MRLRRE, 2019, 55(6): 13-21.

Xia G W, Sun X M, Chen D S, et al. Spatial variation of
photosynthetic characteristics in canopy of Larix kaempferilJ].
Scientia Silvae Sinicae, 2019, 55(6): 13-21.

(2] HEE, BRAETE, Phmet, 55, HATE )2 e & 4 B 2400
(R FEHETE ], MO BRI, 2018, 31(6): 130-137.

Xia G W, Chen D S, Sun X M, et al. Spatial heterogeneity of
photosynthetic and physiological parameters in Larix kaempferi
crown[J]. Forest Research, 2018, 31(6): 130-137.

[3] Hirose T, Werger M J A. Maximizing daily canopy
photosynthesis with respect to the leaf nitrogen allocation pattern
in the canopy [J]. Oecologia, 1987, 72(4): 520—-526.

[4] Sakowska K, Alberti G, Genesio L, et al. Leaf and canopy
photosynthesis of a chlorophyll deficient soybean mutant[J].
Plant Cell and Environment, 2018, 41(6): 1427-1437.

[5] O’Rourke P A, Terjung W H. Relative influence of city structure
on canopy photosynthesis[J]. International Journal of Biometeo-
rology, 1981, 25(1): 1-19.

[6] Kurachi N, Hagihara A, Hozumi K. Canopy photosynthetic
production in a Japanese larch forest (II): estimation of the
canopy photosynthetic production [J]. Ecological Research, 1993,
8(3): 349-361.

[ 7] Suwa R, Hagihara A. Seasonal changes in canopy photosynthesis
and foliage respiration in a Rhizophora stylosa stand at the
northern limit of its natural distribution[J]. Wetlands Ecology and
Management, 2007, 16(4): 313-321.

(8] WHMETH, ANERH, XUHELL. T AR AR ek 2 0 & A SRR 10 25 1) S5
LI, B2k a8, 2014, 31(1): 33-36.

Hu Y S, Yao X Y, Liu Y H. Spatial heterogeneity of
photosynthetic characteristics of Quercus wutaishanica canopy [J].

Journal of Biology, 2014, 31(1): 33-36.
(9] s, ERIE, ZRH, 5. K H R ZO6EE K2 i R

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

FE (0], B A &2, 2016, 27(9): 2789-2796.

Liu Q, Dong L H, Li F R, et al. Spatial heterogeneity of canopy
photosynthesis for Larix olgensis[J]. Chinese Journal of Applied
Ecology, 2016, 27(9): 2789-2796.

FRIETE, m A, TR, & e a AL IJE B e iR
ZHIHEE R ], s Mol K5 53K, 2019, 41(4):
32-40.

Zhang Y Q, Gao S L, Wei X B, et al. Effects of photosynthetic
models on the calculation results of photosynthetic response
parameters in Sapindus mukorossi leaves[J]. Journal of Beijing
Forestry University, 2019, 41(4): 32—40.

BN, FE 2L B BRI KM R T BT 7S [Cl/rh E R E
B LMEEERT RSB CE. L hEEZ %S,
2006: 52-57.

Li L L, Ji L. Studies on photosynthetic characteristics and
influencing factors of Corylus avella[C]//Proceedings of the 7th
Youth Symposium of Chinese Horticultural Society. Beijing:
Chinese Society for Horticultural Society, 2006: 52—57.

SR, BB, B, S5 AR R &SR E
B R A A AT (0], 3T 5B Rl B2, 2016, 53(3):
420-428.

Niu Y Y, Liao K, Zhao S R, et al. Study on PAR change rule of
Korla fragrant pear canopy in different planting densities[J].
Xinjiang Agricultural Sciences, 2016, 53(3): 420—428.

FRARRE, BRECT, TR, 5. S0 A b 5 A A e R = A
AR T B L] R A& 54R, 2009, 20(12): 2898-2904.
Zhang J X, Wei Q P, Zhang J, et al. Leaf photosynthetic potential
in canopy layers of un-thinned and thinned apple orchards[J].
Chinese Journal of Applied Ecology, 2009, 20(12): 2898—2904.
JEIESR, 22, whRIE. AR M A BHE T KPR AR 2 R
FE[T]. SdbAk 24417, 2006, 21(3): 81-85.

Zhou L D, Lan Y P, Han Z H. Study on heritance diversity of
Chinese chestnut (Castanea mollissima) variety resources at
molecula level[J]. Acta Agriculturae Boreali-Sinica, 2006, 21(3):
81-85.

TR, S8R0, FNELE, S5, DRS00 AR SRR S AR S5 M ke
IKAEYE BRI [T]. AR, 2018, 35(3): 319-325.
Zhang L, Guo S J, Sun H J, et al. Effects of borax and sucrose on
the non-structural carbohydrate content in Chinese chestnut
fruit[J]. Journal of Fruit Science, 2018, 35(3): 319-325.

TR, WRorkilg, B, 55, A RIRG ARG S — 5 RAAHESE
HARAK FOLE R m [I]. o B R RHE 5 4R, 2018,
20(3): 10-19.

Zhang J J, Chen Z Y, Han Y, et al. Effects of different rootstocks
on growth and photosynthetic characteristics of large-fruit
Castanen henryi ‘Guili 1’ [J]. Journal of Agricultural Science and
Technology, 2018, 20(3): 10—19.

B35, PNGER, VR T, 55, KR 5 HEIR — AU C Mt AR S
GrRE R A A sz g (], R AR R, 2015, 26(3):
747-754.

Tian S L, Sun X L, Shen G N, et al. Effects of compound fertilizer
of (NH,),CO and KH,PO, on the chestnut photosynthesis


http://dx.doi.org/10.11707/j.1001-7488.20190602.
http://dx.doi.org/10.1007/BF00378977.
http://dx.doi.org/10.1111/pce.13180.
http://dx.doi.org/10.1007/BF02184432.
http://dx.doi.org/10.1007/BF02184432.
http://dx.doi.org/10.1007/BF02184432.
http://dx.doi.org/10.1007/BF02347194.
http://dx.doi.org/10.3969/j.issn.2095-1736.2014.01.033.
http://dx.doi.org/10.3321/j.issn:1000-7091.2006.03.019.
http://dx.doi.org/10.11707/j.1001-7488.20190602.
http://dx.doi.org/10.1007/BF00378977.
http://dx.doi.org/10.1111/pce.13180.
http://dx.doi.org/10.1007/BF02184432.
http://dx.doi.org/10.1007/BF02184432.
http://dx.doi.org/10.1007/BF02184432.
http://dx.doi.org/10.1007/BF02347194.
http://dx.doi.org/10.3969/j.issn.2095-1736.2014.01.033.
http://dx.doi.org/10.3321/j.issn:1000-7091.2006.03.019.

82

Sl Ay

L SNAEPN

42 %

(18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

[27]

characteristics, growth and fruiting [J]. Chinese Journal of
Applied Ecology, 2015, 26(3): 747-754.

WREREE. St 1T R0 AR SOE & R T BTE FRINEL I [D].
g RARI R, 2013.

Chen J P. Effect of MnSO, on photosynthetic characteristics and
mineral nutrition in ‘Shi-men-zao-shuo’ chestnut tree[D]. Taian:
Shandong Agriculture University, 2013.

WO, E T, RN SRR 5L (1], W R R
E2ER, 1997, 14(2): 151-154.

Peng F R, Huang B L. Photosynthetic characteristics of chestnuts
in high density planting orchards [J]. Journal of Zhejiang Forestry
College, 1997, 14(2): 151-154.

FRIRGh, FRFRIH, IMER. AT i 4 S AR
SRR KA SRR (], b stfol K22 224k, 2020, 42(1):
46-53.

Zhang Y C, Guo S J, Sun C H. Effects of growth retardants on
anatomy and non-structural carbohydrates of chestnut leaves[J].
Journal of Beijing Forestry University, 2020, 42(1): 46—53.

T, R, B, A RIBER e 6 & 1 A RS A R s (D). A
AR, 2010, 30(23): 6399-6408.

Zheng Y, Zhao Z, Zhou H, et al. Spatial heterogeneity of canopy
photosynthesis in black locust plantations[J]. Acta Ecologica
Sinica, 2010, 30(23): 6399—-6408.

LWNSF, AfRE, EIOH, 5. 4381 SPAD-502 7EMOlk F R
. ARk E, 2005, 24(12): 1543-1548.

Jiang L F, Shi F C, Wang H T, et al. Application tryout of
chlorophyll meter SPAD-502 in forestry[J]. Chinese Journal of
Ecology, 2005, 24(12): 1543—1548.

FRIR G, FREI, PME R A IE G2 A S I f A R AT
MR R E KA L] P LR MR R 2 2 4R (B AR 2
F), 2019, 47(9): 79-89.

Zhang Y C, Guo S J, Sun C H. Effects of growth retardants on
branches growth, leaves development andphysiology of
chestnut[J]. Journal of Northwest A&F University (Natural
Science Edition), 2019, 47(9): 79—89.

RANFE, AeAb o, X6, 55, AR5 7E SPSS 1B £tk [nl 7
RS I, TR IXAFTE, 2016, 33(1): 108—113.

Song XY, Zhu Z 'Y, Liu Y W, et al. Application of path analysis
in stepwise linear regression SPSS[J]. Arid Zone Research, 2016,
33(1): 108-113.

A, T2 R T AR DAL ot E R I H ARG ]
Mol Rk, 2006, 42(12): 50-56.

Li L L, Ji L. Diurnal variation in photosynthesis of differently
directional leaves in hybrid hazels (Coryius heterophylla *
Corylus avellana)[J]. Scientia Silvae Sinicae, 2006, 42(12):
50—-56.

WRES, Mg, ¥Ry, 45, MR EF R L R R RN
HAZA[T]. 5 MBI, 2008, 26(1): 67-70.

Yang X L, Yang Q, Guo S H, et al. Diurnal variations of
photosynthesis in Yanlong chestnut and some related factors[J].

Nonwood Forest Research, 2008, 26(1): 67—70.
XUPRE, HAFL XM, 5. SR G AR T 7T (1], 23R,

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

2005, 22(4): 335-338.

Liu Q Z, Dong H M, Liu P, et al. Studies on the photosynthetic
characteristics of chestnut trees[J]. Journal of Fruit Science,
2005, 22(4): 335-338.

WRH, SO, 2K, S5 Pl XTI G SR v AR K
Fe R A2 By B SEE [T]. R RO R 72 223, 2019, 42(4):
641-647.

Cao Y, Wen G Y, Li M J, et al. Effect of plant density on diurnal
changes of photosynthetic characteristics and its main chemical
components of flue-cured tobacco (Nicotiana tabacum L.)[J].
Journal of Nanjing Agricultural University, 2019, 42(4): 641-647.
JE R, BB T, 2R, S5 =W DRGSR O S R AE A 22 1)
B WIAER LR 2, 2016, 55(19): 5025-5029.

Tang Y W, Wei X Y, Li C, et al. Spatial heterogeneity of canopy
photosynthesis of citrus plantation in Three Gorges Reservior
Region[J]. Hubei 2016, 55(19):
5025-5029.

BRI, B, AR, 5 R IRTE A ) O & A BRI Y
210 5 T4 (7). OOl R 2 22 4R (B AR B2 AR, 2017, 41(2):
193-197.

Agricultural ~ Sciences,

Huang L S, Han H R, Niu S K, et al. Spatial heterogeneity of
canopy photosynthesis in Larix principis-rupprechtii Mayr.
plantations[J]. Journal of Nanjing Forestry University (Natural
Sciences Edition), 2017, 41(2): 193—197.

A [, X4, 5RGETT, S5 Rl R AR RN RIS 2R L
ZIERED]. MALFFE, 2009, 45(5): 60-68.

Zang R G, Liu H, Zhang X P, et al. Photosynthetic characteristics
of Picea schrenkiana var. tianschanica of different age classes in
a natural stand in the central part of Tianshan Mountains[J].
Scientia Silvae Sinicae, 2009, 45(5): 60—68.

Gao Y B, Zheng W W, Zhang C, et al. High temperature and high
light intensity induced photoinhibition of bayberry (Myrica rubra
Sieb. et Zucc.) by disruption of D1 turnover in photosystem
II [J]. Scientia Horticulturae, 2019, 248: 132—137.

A R, MRS, B, S5 B RCEs b AN Bk EOG SRR
L], AT IE, 2006, 27(4): 307-310.

Gao Q H, Ye Z W, Zhang Z, et al. Photosynthetic characteristic in
precocious and sweet nectarine trees in greenhouse[J]. Research
of Agricultural Modernization, 2006, 27(4): 307-310.

FRIF, WETTHE, BRIGAT, 5. A 5] 9t 38 % 7K 1 e A b AR 1l af
FHeE AR AR SEm [1]. 3RO %2 5 72, 2008, 26(5):
514-519.

Mu H P, Ye W H, Chen Y Z, et al. Photosynthesis and growth of
and under different phosphorus nutrition levels[J]. Journal of
‘Wuhan Botanical Research, 2008, 26(5): 514—519.

FERAE, EORRE, B LA, SF R A L fE DR AR S AL R
HHERTHRR ], AR, 2008, 28(11): 5649-5655.
Tang F D, Wu Y X, Han S J, et al. Relationship of stamatal
conductance of leaf with environmental factors in broadlcaved
Korean pine forest at Changbai Mountain[J]. Acta Ecologica
Sinica, 2008, 28(11): 5649—5655.

BE, SER O, AR, . M E ROt e R S


http://dx.doi.org/10.12171/j.1000-1522.20180437.
http://dx.doi.org/10.3321/j.issn:1000-4890.2005.12.034.
http://dx.doi.org/10.3969/j.issn.1003-8981.2008.01.014.
http://dx.doi.org/10.7685/jnau.201811015.
http://dx.doi.org/10.3321/j.issn:1001-7488.2009.05.009.
http://dx.doi.org/10.1016/j.scienta.2019.01.007.
http://dx.doi.org/10.3969/j.issn.1000-0275.2006.04.018.
http://dx.doi.org/10.3321/j.issn:1000-0933.2008.11.050.
http://dx.doi.org/10.12171/j.1000-1522.20180437.
http://dx.doi.org/10.3321/j.issn:1000-4890.2005.12.034.
http://dx.doi.org/10.3969/j.issn.1003-8981.2008.01.014.
http://dx.doi.org/10.7685/jnau.201811015.
http://dx.doi.org/10.3321/j.issn:1001-7488.2009.05.009.
http://dx.doi.org/10.1016/j.scienta.2019.01.007.
http://dx.doi.org/10.3969/j.issn.1000-0275.2006.04.018.
http://dx.doi.org/10.3321/j.issn:1000-0933.2008.11.050.

10 4

TR BRI 2 B R A 23 18] 3 R PRI 9 83

[37]

[38]

[39]

[40]

RAMTILLI]. A FAR, 1993, 19(1): 63-69.

Hu C H, Dong S T, Yue S S, et al. Studies on the relationship
between canopy apparent photosynthesis rate and grain yield in
high yielding summer corn (Zea may L.)[J]. Acta Agronomica
Sinica, 1993, 19(1): 63—69.

FREIA, BB, ZET &, & RS RO R ZOt R 5 &
BRAE R e B R [T AR AbARE K 22241k, 2014, 42(1): 14-18.
Guo S J, Xiong H, Li G H, et al. Effect of chestnut (Castanea
mollissima Bl.) tree structure on canopy light radiation,
photosynthesis and yield[J]. Journal of Northeast Forestry
University, 2014, 42(1): 14—18.

K, FIAR, AN, S 562 e B AT O S A B
PRSI (1], PHIERI 23R, 2016, 36(11): 2256-2266.

Cao Y H, Zhou B Z, Wang X M, et al. Effects of canopy height
on photosynthetic physiology characteristics of Phyllostachys
pubescens leaves[J]. Acta Botanica Boreali-Occidentalia Sinica,
2016, 36(11): 2256-2266.

B, FALTE. b J2 AL AN EE XS LLRA & A R R K B2 (7]
LA 5244, 2007, 18(6): 1181-1186.

Huo H, Wang C K. Effects of canopy position and leaf age on
photosynthesis and transpiration of Pinus koraiensis[J]. Chinese
Journal of Applied Ecology, 2007, 18(6): 1181—1186.

PR, PGP, B Al e MROA [5) H-8 TH Fy FR) Ol B R U T

[41]

[42]

[43]

R (I, N 5324k, 2019, 25(1): 89-99.

Shang T Q, Sun Z H. Photosynthetic characteristics and
monoterpenes emission are related to foliage ontogeny in
Cinnamomum camphora[J]. Chin J Appl Environ Biol, 2019,
25(1): 89-99.

GR/IN A, PRI, BT, MO FR A S R s AR
WEFLLRR [V]. MO AR, 1999, 12(4): 411-421.

Zhang X Q, Xu D Y, Zhao M S. Review of canopy structure,
radiation transmission and canopy photosynthesis[J]. Forest
Research, 1999, 12(4): 411-421.

Wei X, Otieno D, Ko J, et al. Conditional variations in
temperature response of photosynthesis, mesophyll and stomatal
control of water use in rice and winter wheat[J]. Field Crops
Research, 2016, 199: 77—88.

FH, FhIER, BRI, A N TG RO A B R I
)55 A [T]. AAEMOL R 5544, 2013, 41(4): 32-35.

Li Y, Han H R, Kang F F, et al. Spatial heterogeneity of
photosynthetic characterisitics of Pinus tabulaeformis canopy [J].

Journal of Northeast Forestry University, 2013, 41(4): 32-35.

FAERE O EHa
3

THERE &

4


http://dx.doi.org/10.3321/j.issn:0496-3490.1993.01.009
http://dx.doi.org/10.3969/j.issn.1000-5382.2014.01.004.
http://dx.doi.org/10.7606/j.issn.1000-4025.2016.11.2256.
http://dx.doi.org/10.3321/j.issn:1001-9332.2007.06.002.
http://dx.doi.org/10.3321/j.issn:1001-1498.1999.04.014.
http://dx.doi.org/10.1016/j.fcr.2016.09.016.
http://dx.doi.org/10.1016/j.fcr.2016.09.016.
http://dx.doi.org/10.3969/j.issn.1000-5382.2013.04.008.
http://dx.doi.org/10.3321/j.issn:0496-3490.1993.01.009
http://dx.doi.org/10.3969/j.issn.1000-5382.2014.01.004.
http://dx.doi.org/10.7606/j.issn.1000-4025.2016.11.2256.
http://dx.doi.org/10.3321/j.issn:1001-9332.2007.06.002.
http://dx.doi.org/10.3321/j.issn:1001-1498.1999.04.014.
http://dx.doi.org/10.1016/j.fcr.2016.09.016.
http://dx.doi.org/10.1016/j.fcr.2016.09.016.
http://dx.doi.org/10.3969/j.issn.1000-5382.2013.04.008.

