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The simulation of leaf net photosynthtic rates in different radiation in

apple canopy

GAO Zhaoquan'* ,FENG Shezhang' , ZHANG Xianchuan®, CHENG Jianjun'
1 Beijing Vocational College of Agriculture, Beijing 102442, China

2 Richuanhe Pomological Research & Development Center , Beijing 102200, China

Abstract: The study of leaf photosynthesis in different canopy positions of fruit tree is very important, which can be applied
to solving various theoretical and applied tasks, e. g. the study of canopy physiological dynamic, orchard density, pruning
and fruit load control. Coupled model of net photosynthetic rate (P,) of the apple leaves was presented which was
developed on the basis of the biochemical model of C; photosynthesis and semi—mechanistic model of stomatal conductance.
We used an experiential equation to describe the relationship of A, between the top, mature, sunlit leaves, and others in
the canopy. The sensitivity of P, to microclimatic factors and leaf water potential ( ¥,) in different RPAR was assessed
systemically. The experiment was carried out in a ‘Fuji’ apple ( Malus domestica Borkh. cv. ‘Fuji’ ) orchard from 2006
to 2008. The orchard is in the farm of The Ming Tombs (latitude 40°13'north, longitude 116°13east, altitude 79m) in
Changping county of Beijing.

The simulation showed that leaves P, in different RPAR were highly sensitive to variations in CO, concentration at the
leaf surface, and was a function of PAR. The optimum T, of P, was about 20—30°C in different RPAR and shifted to a

higher temperature as PAR or CO, increased. The influence of RH and ¥, on P, occurred through the stomata, which closed
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with the decrease in RH and ¥,. Only slight effects of RH and ¥, on P, were found in different RPAR. The results indicated
that P, decreased rapidly with the decrease in RPAR interception by the leaves. When the canopy radiation decreased from 3
m to 1 m, the average RPAR and maximal P, of leaves decreased by 57.18% to 16.22% and by 16. 65 to 4.24 pmol -m™
s™', respectively. The diurnal variations in P, depended mostly on PAR, represented as double-peak curves when RPAR
excessed 60% . During a whole day (24 h), a unit leaf area fixed 420 mmol of CO, on average weather data to upper
leaves, and only 40 mmol of CO, when leaves RPAR was about 30% . When leaves RPAR decreased to 12% in apple
canopy, the net photosynthetic rate in a whole day decreased to O with meteorological data. The area of canopy where total
P is zero in growth season can be called useless radiation area. The main aim of tree pruning is to remove useless shoots
and leaves, and identification of these parts can be conveniently determined by our model. In conclusion, the coupled
model performed well in predicting P, for leaves in different RPAR (or canopy position). And the model has simple input

and output parameters and can be widely used as a module in the fruit simulation model.
Key Words: apple; photosynthesis; PAR; model; useless radiation area
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Fig.1 The response of apple leaf P, to PAR, CO, concentration, T,, RH, ¥, and the diurnal variation of P, in different RPAR
PAR fE K A TR0 , AR S5 R 0—1800 pmol - m™ 5™, CO, ¥k 2 50—1000 pmol/mol , T,k 5—40 °C ,RH } 5% —95% , ¥, H-2.6—0
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Wi , T 52 4 S AT 38 BV HOG A A R A5 AR e 0y ikl P UG HE L e 7 D BRTE 10:00 2245, B
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4 r 500
3L C 400 ¢
£ 5 300 |
% 2t S
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5} ] Time I} ] Time
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Fig. 2 The average diurnal variation of wind speed (u), radiation (R,), air temperature (7, ), air relative humidity (RH) in Beijing

from May to September

RIS R AE K (5—9 A) LG dlait vl

LRI RPAR A0 FER AR B e it o el
AL 3) T G A BB AE £ a0 ye
SSTBMLE, MR RPAR % 30% AEE e T g B2 e
SRR FFRICY CO, 1A 40 mmol-m>d " Tzt 52 ™

F B T3k 420 mmol-m™>d ™', I3 B AT MG uﬁ 100 - /O/O/O

BRIV RPAR (6T 1200 ST IS el 5 | o

{8, R IE et B e F FIEFEFR o AN RE M A i, X c E-O/ = m m - =

AR AR T A MRS T O R H AR T LA KPR
i H e R IR 25 TR o O IX
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Fig.3 The total photosynthesis in a whole day of apple leaves in
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RSO AT % 1 T X U o AR AE 2R IR R A G, 2or G IX I 7 4%

http ; //www. ecologica. cn



1042 R ¥ O 32 %
SEBrm S U RRUE R
8 o 12 5 ) 5re
6L O o 0% 0 80 o & 12 030 B2 go Bein
3% §e o0 dos egoo0ad 9t %0683 Soemop mmso o * 60 ooy © 3%?"
200 © °o ° o ° o o ¢ ®o % Ooo oo [ 9t 8 % 8° ° o
4 L ogep © ) 9 | 00 000 S so g °
o ° 6 SIS <égogomo R . @ ° 2 &
2L QSS.OO @‘3 °© 6 - § g o
T? . g r=0.9730 P<0.0001 N=218 37 Oé,@ .l ﬁg
s d o BERIE 0 ? ol
é ol o SIME r=0.9567 P <0.0001 N=222 r=0.9732 P<0.0001 N=193
El \ \ s 3L \ s ) -3 L \ \ |
E 0 400 800 1200 0 500 1000 1500 0 500 1000 1500
ﬁ 16 D Lo . 20 E . R 20 F . P, 80 600
o e of a-% o) ©o
jﬂ 12 §%o o o e 15 ‘Dooffé°gc§ﬁ€-%-§‘g 15
* S c AR kS, T elh e
8 3 Zy€° 10 o 99 ° 10
;zf o O(ﬁ
4+ © % S5F o £ 5t
gg o5®
0 L o]
- = - = = 0r g
r=0.9703 P<0.0001 N=222 0 g r=0.9711 P<0.0001 N=221 P S 0.8756 P<0.0001 N=617
0 500 1000 1500 0 500 1000 1500 5 10 15 20

YA B RGES PAR /(umol-m2.s71)

4 7[E RPAR TERME P, R (A—E)MBEMH P,(F) SAEMEBEEER
Fig. 4 The relationship between measured and simulated values of leaves P, in different RPAR( A—E) and in canopy(F)
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