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Abstract: This study was set to investigate the effects of photovoltaic(PV) arrangements on photosynthetically active
radiation(PAR). Field experiments on tea plants, an important economic crop, were conducted during their peak growing
season(June to August) within PV arrays of an agrivoltaic base. Daily and hourly average solar radiation beneath PV
systems with different configurations was simulated using Ecotect software. Light response curves of tea plants were
measured with a Li-6800 portable photosynthesis system and fitted using four photosynthetic models. The photosynthetic
rates of the tea canopy under PV systems were then predicted by combining these fitted models with measured
under-panel radiation. The results showed that the non-rectangular hyperbola model provided the best fit, exhibiting the
highest coefficient of determination(R?=0.997 9), lowest mean squared error, and lowest Akaike information criterion.
Model estimates of key photosynthetic parameters including maximum net photosynthetic rate, light saturation point, and
light compensation point matched observations. Under agrivoltaics, daily average photosynthetic rates declined by
3.40%-8.07% and hourly average rates between 09:00 to 11:00 by 2.97%-6.90%. The strongest inhibition on tea plants
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photosynthesis occurred with 20° tilt, 3.9 m height, and 8 m spacing; the weakest with 28°, 2.5 m, and 10 m.

Keywords: tea plant; photovoltaic agricultural system; optical radiation simulation; photosynthesis; light response model
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Fig.1 Illumination measurement points layout in a PV array

BERAEH SR OFE, AEREEM R, 8
INTRARARL, I, CEIIRREIZ)1.50 mo BT AR
TR B, AR TR, SOR F AR AT
TR BRI A I B e 67 /40 | 251 Bl
(RIRIMS AT 1, BRFENO0.8 m, ZEhFhie B 2 1 2 B
B AEMISIAE2.45 m, AU IE B AN FE2.25 m.
SXof HE LR FH TG 6 24 8 R P A 2

1.2 SEERSTARIN
NRZEAFEEE . AR R TR RS




76 AR R K2R (B AFHERR)  http:/xb.hunau.edu.cn

202652 H

R FGAR S B, RHIEGB 50797—2012 OBiAR
RSB , KB R AL R G 51 #1200, 24°,
28°, HAFIRARSPE B R 2.5, 320 3.9m, ot
RAAFIEES 9. 10 mBHATH &, BW27THICE T %
BT 1M EsREag =4%%, 24
Autodesk Ecotect Analysis® /411, 1L0.1 mx0.1 m
(100 DX A8 K B X 2740 7 SR AT AN, 3RE 202347 H
1 HZE31 H% H06:00—18:00F Bt ) H 15 6346 55 A1
09:00—11:000F BRI 200 3A 5, 5 g0 EE 70 A A
7 e B 7 %8 N 6 AR R 4t e b ) i L TG
LS AR o
1.3 RMRHZENESHE

FREKHEIITEO A 28 A, HUuk#20244-7 H
A BT H 09:00—11:00, 0 5 Xt FE ZH 5 0 ' v 12
ek, Mo R RENLPRE o o R KB —5
TR, ECS R A A s CF TR R S il e
W, HBR GG O I A AR S = .
Li-6800 12 47 J't; M 7l 260 7€ , 525 COL MK Ny
(400£10) pmol/mol, 7= S AHXEE N (60+5)%, i
FEN(30+2) °C, & A R4 586 B3 91 800,
1 500, 1 200. 900. 600. 300, 200. 150, 100-.
70~ 30~ 0 pmol/(m?2-s), Z3I7E &6 EE Tl i e p
(14 A TR (Pr) o

3 5 SR FH LA A e B (RH) M) A A X
LRRAL(NRH) ), B A U 2645 TE A2 (MR H) 41T
T B0 A (EM)UST O e B il 28 AT LA . R
SPSS 26. 0% AT LA 0T, TS AR (1) B oK i
T TR (Pomax)~ MR TR0 () WP 2R
(Ra)~ YEHIFA R (1e) A B M 15 (Joar) S5 1 B AREAE
SR, LLYE REU(RY) ¥R 2 (MSE) LR AR
EEUEN(AIC)E AR A FEHEFE PPN 4R b o 1 ELADL
BERAARIEE, TFREAFEE N e E R,

2 HREHH
21 RBEFRULER

2.1.1 RIRFAEISEL R

MFE1ATHT, HOBO MX2022 't 1 A% J8% % Szl
R AL, S22, B3 KFER AR Y GE S
51°538.53. 99.36. 27.38. 145.97 W/m2. RIEGIR

T BERIE S, K Ecotect B {1 3E 4T 6 K 51 45
L, BRI R E2 TR . RIS R, 7E S
1.0 mib, M EERILHES FET7 1A1HX0.65+ 3.40. 6.15m
Mg R iS4k, it 3312023 7H1HE7H31H
06:00—18:0011) H 4 64aHHE 43 1 939.46. 111.37,
28.52. 133.33 W/m?, #H X% ZE 45 5 N 2.41%
12.09%- 4.16%- —8.66%, %% i ¥IEL20% LA .
R A2 BRI AR A A ) 75 o B2 30 5 S 3 5 R 2% 1)
SN, SRR ZEARREOR, (HER RS R
LS s BAE B M A ia s R —3, RIAER
RIS fE, S2MIR, DR A3 IR
VER ek, FESTBUK. XUl B a5 IR B A S bR
S .
T REMEART BH4ES SOIME S AUE

Table 1 Measured and simulated daily average radiation

beneath the PV array
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Fig.2 Simulated light environment within the PV array

of an agrivoltaic system
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Fig.3 Simulated daily average light environment in the PV array under different PV module parameters
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Table 2 Predicted photosynthetic rates and light environment parameters for different configurations

H i*]#é%»} (]

fifl/ WA R HBEOREERERS  HIkemESR,  HEDLE HEheaRdEs  Miskamss  wih

©) m m (umol'm2-s™") (umol'm2-s7") HERL (umol'm2-s7") (umol'm2-s™") R
20 2.5 8 663.509 6.274 0.945 878.815 6.840 0.960
20 2.5 9 686.293 6.345 0.955 898.307 6.881 0.965
20 2.5 10 701.905 6.392 0.963 909.955 6.905 0.969
20 32 8 643.853 6.210 0.935 826.432 6.721 0.943
20 32 9 651.595 6.235 0.939 859.565 6.797 0.954
20 32 10 675.555 6.312 0.950 885.882 6.855 0.962
20 3.9 8 613.382 6.105 0.919 790.781 6.635 0.931
20 3.9 9 639.091 6.194 0.933 828.381 6.726 0.944

20 39 10 664.633 6.277 0.945 856.721 6.791 0.953
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Fig.4 Measured and model-fitted light response curves of the tea plants
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Table 3 Simulated and measured light response parameters of the tea plants

L “ (um(l)iljrr‘;xés D) (umollgrlg 2:571) (umol'-m2-s7") (um01~[rcr/1 257h R MSE AlIC
RH 0.055 11.086 2.110 239.927 47.382 0.996 9 0.412 —4.64
NRH 0.077 11.810 2.294 411.851 43.28 0.997 9 0.275 -7.50
MRH 0.055 11.104 2.108 290.705 50.45 0.996 9 0.418 -2.46
EM 0.026 8.520 0.752 1456.593 30.28 0.983 2 3.030 19.31
SeIE 7.600 2310 1000 30~70
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Table 4 Measured and predicted photosynthetic rates of the tea
plants at different PV module heights
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