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Establishment and application of photosynthetic production model for double cropping rice.
LI Yan-da™ , SHU Shi-fu, CHEN Li-cai, YE Chun, WAN Peng, WANG Kang-jun, HUANG Jun-
bao ( Institute of Agricultural Engineering, Jiangxi Academy of Agricultural Sciences, Nanchang
330200, China).

Abstract: In this study, we developed a model for photosynthetic production in double cropping
rice by integrating the advantages in current crop models (including the models of canopy structure,
canopy light distribution, canopy photosynthesis and dry matter production). The canopy light dis-
tribution and dry matter accumulation were preliminarily validated with independent field experiment
datasets. The distribution of direct radiation both on a level surface and on the leaf surface within
canopy, the canopy daily photosynthate and its characteristics with varying leaf area index for three
typical plant types (erect both upper and lower, upper erect and lower flat, and flat both upper and
lower) were quantitatively analyzed by the model. The results indicated that there was a good agree-
ment between the simulated and observed values. The root mean square error ( RMSE) , relative
root mean square error (RRMSE) and correlation coefficient () of prediction of canopy light distri-
bution in double cropping rice were 12.01 J * m™ * s™', 8.2% and 0.9929, respectively. Mean-
while, the RMSE, RRMSE and r of prediction of dry matter accumulation were 0.83 t * hm™,
14.6% and 0.9772, respectively. It was indicated that the model had a performance. The upper
erect and lower flat plant type had highest canopy daily photosynthate due to higher incident sun

light received on the leaf surface, leaf photosynthetic efficiency and leaf area index.

Key words: double cropping rice; light distribution; photosynthetic production; plant type; simu-
lation model.
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Fig.1 Comparison of simulated with observed PAR of different
cultivars under different nitrogen application rates in early and
late rice canopy ( booting stage) .

a) FE Early rice; b) BiFS Late rice. ZJZ17: "5 5 17 Zhongjiazao
17; TLY83. P 83 Tanliangyou 83. FAFHH Ny N, N, F1 N, 4371
FRIA 0.75.150 F1225 kg - hm™ Ny, N;, N, and N, in the early
rice represented nitrogen application rate for 0, 75, 150 and 225
kg - hm™2 , respectively. TYHZ . KAAe 5 Tianyouhuazhan ; YYO113. 5%
9113 Yueyou 9113. BEAEH Ny N, N, Fl Ny 4> 5 F /R AE% 0,90,
180 1270 kg - hm™ Ny, N, N, and N; in the late rice represented ni-

trogen application rate for 0, 90, 180 and 270 kg - hm™, respectively.
T [F] The same below.
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Fig.2 Comparison of simulated and observed dry matter accu-
mulation of different cultivars under different nitrogen application

rates in early and late rice.

4 HEWER

4.1 FUERIETT
RR-HlE T30 7 14 4050 A 5040 A i R 5

R TAETHELE FAERTT, ATF5K 3 Fh B AT LA R
SRR AL N DA BRAR AL, HLAAR WL 26 108 F R
Pk AR DL FHE R HE | FHE R B bk R 3
F XU ZE FE R TR SR 6 52, 3 3k 1 1A ] A B R iy A S
G RBA P B A 22 B (6 3 HAF 9
H 4 B) ANFRRE S 562 E R Z e i ER.
BRI S B (ZR o =28° N)  ARHIFFEIX
TR TR A i A S804 & L3k 2.

F1 3IWHARNHNEB®RERESEMEA
Table 1 Three typical plant types for double cropping rice
and their leaf inclination angle in different foliage layers

e S [ 56 2 114 I

Plant type Leaf inclination angle in
different foliage layer (°)
JZ Upper  H1JZ Middle T2 Lower
EHETHE UE/LE 70 70 70
HEF# UE/LF 70 45 20
E3 T 9% UF/LF 20 20 20

UE/LE: Erect both upper and lower; UE/LF: Upper erect and lower
flat; UF/LF: Flat both upper and lower. T[] The same below.
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Table 2 Parameters of numerical simulation on light distribution and photosynthetic production in early and late rice canopy

=7 A H H¥ B HIREE 2R dZEHGEE SEE HOGE R
Crop Declination DOY S AT O il T O Es i CDP T AR B AR 1k
(°) DDRLSC DDRLEAFSC RCDPLAI
RF 22 155 t=10:00/12:00/14.00 ¢=10:00/12:00/14:00 QD=400; LAI=7.0 QD=400; LAI=0~7.0
Early rice DQ =352 DQ=352 DP=80%; SP=20% DP=80%; SP=20%
LAI=7.0 LAI=7.0 EFF=0.3; P, .. =40 EFF=0.3; P, ,..=40
EFF=0.3; P, .. =50 EFF=0.3; P, ... =50
EFF=0.5; P, .. =40 EFF=0.5; P, ,..=40
EFF=0.5; P, .. =50 EFF=0.5; P, ... =50
A 7 248 t=10:00/12:00/14.00 ¢=10:00/12:00/14.00 QD=400; LAI=7.0 QD=400; LAI=0~7.0
Late rice DQ =352 DQ=352 DP=80%; SP=20% DP=80%; SP=20%
LAI=7.0 LAI=7.0 EFF=0.3; P =40 EFF=0.3; P =40

EFF=03; P, =50
EFF=0.5; P, ,..=40
EFF=0.5; P
DDRLSC; Distribution of direct radiation on the level surface within canopy; DDRLEAFSC; Distribution of direct radiation on the leaf surface within can-
opy; CDP: Canopy daily photosynthate; RCDPLAI: Relationship between canopy daily photosynthate and leaf area index. T[] The same below.

EFF=0.3; P, . =50
EFF=0.5; P, ,, =40

n max

N max 50 EFF=0.5; Pn max = 50

4.2 BHIERS 00

4.2. 1 AN[RIR B BBz S A6 565 J2 PN /K SF- IfT L 1 43 A
Hr Pl 3 AT, R BEAE 3 AR RE IR Y R AR e 2

P T Y 6 e B ek, B AR 2 b v 3 ek

TV, T HB I IR NG AN [ e 2 v KT T A TR

ST S B EOCREU(K,) S, B i

HET K, /N, KP4 R . 3 vk A

R L HETS BOR b B T PR A, anAE e 2 1)
T R AR £ 3.0 & K B RA BHETE
PERET ) B AR T B 64.58  « m™® -+ 87T 1
PET L BT B R A 43 A 42.15 i 20.98
Jom? s AEZE 2243 F143.60 J - m - 7.
4. 2.2 AN[FIRRAY B AR A e )2 9 i T Y A

P L 3 W], R AR 3 R T R A e 2 Y

T ) 3 AT R b 5 e = KT T A A A
UL LA SR A L J = P T L B8 23 A (T2 DGR )

FLE, EHETHERRT T K B0, AR AHEE R
LRI I TN, ELIRE = A AS (] e JRE K- T Y B

A

SR EFAHEE Cumulative LAL

172

$B5I5R B Radiation intensity (J - m™ - s™)
B3 LR AR R R ST )2 KT B (A) R B (B) B4
Fig.3 Distribution of direct radiation for different plant types in early and late rice canopy (A) and leaves (B).
UE/LE; 3T Erect both upper and lower; UE/LF: ["#E T # Upper erect and lower flat; UF/LF; -3 T # Flat both upper and lower. T [f] The

same below.
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Table 3 Canopy daily photosynthate for different plant types in early and late rice canopy

PRAL IR G RER I BRE RAER G & MR H R A

Plant type EFF (kg CO, - VE H iR CDP of early rice CDP of late rice

hm™2-h7') - P o (kg CH,O - hm™2 - d™") (kg CH,O - hm™2 - d™")
(Jrm2esH)t (kg €Oy - 10:00 12:00 1400 10:00 1200 1400
hm™2 «h™")

T 0.3 40.0 368.96 392.92 377.12 396.54 416.55 404.99

UE/LE 0.3 50.0 380.83 406.17 389.53 411.79 433.31 420.93
0.5 40.0 556.53 590.02 567.60 587.60 608.11 598.67
0.5 50.0 584.37 620.87 596.62 622.22 651.91 634.67

I #E T B 0.3 40.0 519.58 545.95 529.70 469.74 493.62 478.92

UE/LF 0.3 50.0 547.38 576.42 558.64 494.62 520.90 504.83
0.5 40.0 739.93 772.94 752.19 669.90 699.86 681.05
0.5 50.0 798.08 835.92 812.37 722.08 756.40 735.06

b3 T B 0.3 40.0 427.80 444.56 436.23 391.14 429.40 398.85

UF/LF 0.3 50.0 449.91 468.50 459.25 411.41 451.94 419.95
0.5 40.0 612.43 632.94 622.78 559.75 613.75 569.19
0.5 50.0 658.90 682.66 670.88 602.32 660.73 613.25

5K B sr A (K320 ) IRA—HE R i
i A N HERR AL 1 K P32t i B K [ 2 AR Y
T A2 S /N3 PR AR L, DL HE R B AR B Y
AT A A2 R B K, R IR 7 5 J 2 rh i i) v T 3201
TR K A 2 Ah AR B A e 2 ) BRI
FUFRH 3.0 = B 1w b, MRS 4 T B AR A 9
FRISREE N 40.61 J - m™? « 7'M B AE N HEA [ 4
TR RLSY AN 34.21 F120.21 ] - m™ - 87", 43 5]
AH2% 6.40 A120.40 ] +m™> - s\,

4. 2. 3 AN[FMRANNEZ HOb A 3R 3 H AE 3
PR B 58 )2 H G A 5.3 Rk LA LL , 76 AR TR) 0 A
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(J-m?-sH" P, =40.0 kg CO, - hm™ - h™'
I, R EAE T Bk R R e )R H OB A O 545.95
kg CH,0 « hm™ « d™", Ifij [ 3 F $560F0 b 38 T HE bk A
43504 444.56 F1392.92 kg CH,0 - hm™ - d™', 2351
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Fig.4 Relationship of canopy daily photosynthate to leaf area index for different plant types in early and late rice under different leaf

photosynthetic efficiencies.
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kg CO, - hm™ - h™', EFF 4> %] & 0.3 F1 0.5
(kg CO, » hm™ +h™") - (J-m™ «s") "By CDP
435 49545.95F1 772.94 kg CH,0 - hm™ - 47", }i#
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