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Effects of the novel CdTe photovoltaic solar greenhouse on the growth,

photosynthetic characteristics and quality of summer lettuce
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Abstract: To promote the transformative application of photovoltaic technology in the high-quality development of agri-
culture in China, this study compared a conventional solar greenhouse with 60% shading as a control group with a novel
CdTe photovoltaic solar greenhouse with 60% shading. The study investigated changes in summer air temperature, air hu-
midity, and light intensity, as well as their impacts on lettuce growth, photosynthetic characteristics, and quality. The re-
sults indicate that compared to the conventional solar greenhouse with 60% shading, the novel CdTe photovoltaic solar
greenhouse significantly reduced the amount of solar radiation entering the greenhouse and the transmittance of sunlight.
The light intensity inside the greenhouse decreased by over 46%, the air temperature dropped by more than 3 °C, and the
air humidity increased by over 30%. The photovoltaic solar greenhouse also significantly enhanced the chlorophyll con-

tent, net photosynthetic rate, transpiration rate, and stomatal conductance of lettuce, while significantly reducing the inter-
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cellular CO, concentration. Compared to the conventional solar greenhouse with 60% shading, the novel CdTe photovolta-

ic solar greenhouse showed significantly improved all growth indicators of lettuce for 28 days after planting. The plant

height increased by over 31%, the number of leaves rose by more than 19%, and the fresh and dry mass increased by 15%

and 32%, respectively; all nutritional quality indicators also showed significant improvement, with soluble solids, soluble

sugars, soluble proteins, and vitamin C content increasing by 0.43 percentage points, 0.04 percentage points, 25%, and

72%, respectively. Additionally, the average monthly power generation from June to September 2024 was 2,076.08 kWh.

In conclusion, the novel CdTe photovoltaic solar greenhouse demonstrates significant economic benefits in summer

lettuce cultivation, providing crucial theoretical support for the application of the agricultural-photovoltaic complementary

model in photovoltaic solar greenhouses.

Key words: CdTe photovoltaic solar greenhouse; Lettuce; Photosynthetic characteristics; Quality
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Note: Figure A represent the first crop batch, figure B represent the second crop batch. The same below.
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Fig. 1 Average indoor and outdoor air temperatures between 06:00 to 19:00 during the summer growing period in
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Fig. 2 Average indoor and outdoor light intensity between 06:00 to 19:00 during the summer growing period in different

solar greenhouses

+139-



KBS HFFT t

JK 384

——= 4} Outdoor
- - - i H /i %= Conventional solar greenhouse

A
s AR H KU % Photovoltaic solar greenhouse

- 100

e
HE 80
L
rg ®
ML 40

< 20

0 1 1 1 1 1 1 1 1 1 1 1 ]
06-20 06-22 06-24 06-26 06-28 06-30 07-02 07-04 07-06 07-08 07-10 07-12 07-14 07-16 07-18
H 1] Date/Month-day
——= /I Outdoor
B - - - =38 F LR = Conventional solar greenhouse
s AR DGR 2 Photovoltaic solar greenhouse

S 100
=z 80
==
rg o
H 40

< 20

0 Il L Il Il Il Il L Il L L Il Il

08-04 08-06 08-08 08-10 08-12 08-14 08-16 08-18 08-20 08-22 08-24 08-26 08-28 08-30 09-01 09-03
H # Date/Month-day

B3 AEBEAEREESMELMN 06:00—19:00 ERINEHESEE
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Table 1 Effects of the novel CdTe photovoltaic solar greenhouse on the height of lettuce plants in different cropping
seasons during summer cm
GEL SEME 7d SEME 14d SEME 21 d MG 28 d
Treatment 7 days after planting 14 days after planting 21 days after planting 28 days after planting
Al 8.37+0.22 ¢ 9.64+0.27 ¢ 11.90+0.15d 15.38+0.27 d
S1 11.93+0.22 a 14.89+0.21 a 17.82+0.29 b 24.01+£0.54 b
A2 10.33+0.42 b 12.27+0.13 b 15.64+0.18 ¢ 19.33+0.42 ¢
S2 12.57+0.43 a 15.01+0.25 a 19.38+0.66 a 25.33+0.36 a

1 F A E/NG FRERIR AR AL BE R 7E 0.05 KPR LE. R,

Note: Different small letters in the same column indicate significant difference among different treatments at 0.05 level. The same below.
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Table 2 Effects of the novel CdTe photovoltaic solar
greenhouse on the number of lettuce leaves in different
cropping seasons during summer

e ERE7d  ERE 14d ERE21d ER)E 28d
7 days after 14 days after 21 days after 28 days after

Treatment . . . .
planting planting planting planting

Al 5.67+0.17 ¢ 8.56+0.18 ¢ 11.00+0.17d 15.44+0.29 ¢

S1 7.44+0.18 a 9.56+0.18 b 12.78+0.22 b 18.44+0.38 b

A2 6.33+0.24b  9.33+0.17b 11.78+0.28 ¢ 16.11+0.26 ¢

S2 7.67+0.17a 10.33+0.17a 14.11£0.26a 21.89+0.26 a
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Table 3 Effects of the novel CdTe photovoltaic solar greenhouse on the dry and fresh mass of the parts of lettuce in

different cropping seasons during summer

SE HELJi5 N ) Abrg Hb b E A o R Hi R B o R b H R E PR
Time after transplant/d Treatment Aboveground fresh mass/g  Underground fresh mass/g  Aboveground dry mass/g Underground dry mass/g
14 Al 10.86+0.51 ¢ 1.65+0.04 ¢ 0.7240.02 b 0.07+0.01 b
S1 18.81+0.11 a 2.28+0.10 a 0.98+0.02 a 0.12+0.01 a
A2 11.34+0.37 ¢ 1.4240.08 d 0.73+0.02 b 0.07+0.01 b
S2 17.24+0.69 b 2.04+0.04 b 1.04+0.06 a 0.13+0.02 a
28 Al 66.93£3.51b 6.15£0.13 b 10.05+0.06 b 0.41+0.03 b
S1 78.59+2.31 a 8.05+£0.16 a 13.29+0.09 a 0.65+0.02 a
A2 68.29+1.30 b 6.13+0.41 b 9.1140.14 ¢ 0.42+0.02 b
S2 79.02+2.72 a 8.20+0.34 a 12.87+£0.21 a 0.68+0.02 a

T A FUAN R NS TR RO TR — I AN R A B 7] 22 52 193 (p<0.05) . R IRl

Note: Different small letters in the same column indicate significant difference (p<0.05) among different treatments in the same period. The

same below.
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Fig. 4 Effects of a novel CdTe photovoltaic solar
greenhouse on the chlorophyll a content of lettuce in
different cropping seasons during summer
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Fig. 6 Effects of a novel CdTe photovoltaic solar
greenhouse on the total chlorophyll content of lettuce in
different cropping seasons during summer

HHMER A2 BERE T 56.46%. EMHGH 14
K, S1 AL FRZEEHORIE Al W E LS T 35.57%,S2
MEHE RS IR A2 REIRE T 67.48%. TG
F28 K,SI b ABEER Al BERE T
53.77% ,S2 WA B HEF R A2 BREFR_RES T
48.83%. SEMJEH 14 KA 28 K, S1 AL AR
FLTE] CO, ¥ B350 2 25 (KT AL S2 Kb B A= 32 1) g (]
CO,KEYBEHERT A2. S SESHLEEEK
FRPRARL, SEHE G 28 14 RANEE 28 K, S1 AL FEIY 2
FET ALS2 e EEET A2, ZEEATA, TR
SERE G IEE 14 KA 28 K, M FE R T, JefRH
BEEAZREOL AR ARSI T EY
Fm T H ORI TR CO, R E H1 KT
Wid HOGIR =, SR DGR EE AR T 2 R4
FEEIER .
25 FEBUBEAXAARAXEENETARERE
KE T m R

FHE 5 AT, ST Kb B AR 3% 1 AT i R [ R P A
BERZEZSTALA LHEEEEEDSEN
2.40%, 1M S1 4bF A 2.83%,S1 Eb Al 5 0.43 H 4>
RS2 EASEM A EE Y S R MEE ST
A2,S2 REFETT VA A TR & BN 2.83%, 1 A2 Ab
N 2.37%,S2 t A2 15 0.46 F 78 ml. S1 AbERAE
KGR R CEERE ST AL EIEN 72.05%;
S2 MbHgEA R CHFEBLEE ST A2, WIEN
80.23%. S1 ALFR T IEMENE S BN 0.32%, A1 AbHE
N 0.28%,S1 EE A1 5 0.04 7143 /5 S2 AL BE A i
WS BN 0.35%, A2 4 FE A 0.28%, S2 B A2
0.07 F 4 fi. SIAAHAERMAEHEASREE
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Table 4 Effects of the novel CdTe photovoltaic solar greenhouse on the photosynthetic characteristics of lettuce in different

cropping seasons during summer

e MR ] e M el CO, VK LG
Time after %:iment Net photosynthetic Transpiration rate/ Intercellular CO, Stomatal conductance/
transplant/d rate/(umol -m*-s™) (mmol-m*-s™") concentration/(pmol-mol™)  (mmol-m*-s™")
14 Al 7.59+0.20 b 1.94£0.11 ¢ 375.20+9.01 a 0.18+0.02 b

S1 9.27+0.34 a 2.63+0.19 b 296.20+13.19 b 0.26+0.01 a

A2 7.97£0.16 b 2.06+0.10 ¢ 352.60+18.55 a 0.18+0.01 b

S2 9.37+0.41 a 3.45£0.17 a 279.40+13.02 b 0.27+0.02 a
28 Al 14.73+0.46 b 4.11£0.24 b 530.40+11.08 a 0.16+0.02 b

S1 23.08+0.37 a 6.32+0.22 a 375.20+10.92 b 0.26+0.01 a

A2 14.86+0.36 b 4.2840.22 b 550.60+13.16 a 0.17+0.01 b

S2 23.25+0.59 a 6.37£0.42 a 390.40+12.04 b 0.26+0.01 a

x5 HEMLELAAARENEFAFERERE T mRNFNT

Table 5 Effects of the novel CdTe photovoltaic solar greenhouse on the nutritional quality of lettuce in different cropping

seasons during summer

b3 wCRT R ) w(EER O wCATE IR wCAVEPEER )

Treatment Soluble solids content/% Vitamin C content/(mg-100 g™ Soluble sugar content/% Soluble protein content/(mg-g™)
Al 2.40+0.06 b 6.94+0.26 b 0.28+0.01 ¢ 1.39+0.05 b

S1 2.83+0.15a 11.9440.25 a 0.32£0.01 b 1.74+0.03 a

A2 2.37+0.09 b 6.93£0.27 b 0.28+0.01 ¢ 1.41+£0.01 b

S2 2.83+£0.09 a 12.49+0.34 a 0.35+0.01 a 1.79+0.10 a

r T AL MRy 25.18%; S2 AL B W VAR R H A R
HRE ST A2, HIEHN 26.95%. L LA, ik H
i = AE R P R S E TR AR
2.6 FEFUBEALARENNERELBRE

HIZE 6 W] 41,2024 4F 6—9 H , Hi Atk st iR
Hotim = 1 H P R BN 2 076.08 kWhe

xo HAMUBAARANXEELBE
Table 6 Power generation of the novel CdTe photovoltaic
solar greenhouses

GRS N €T A 4k

ﬁfjt h CdTe thin-film photovoltaic ~ Power generation/
glass area/m’ kWh

6 H June 541.44 1237.50

7 A July 541.44 2 468.10

8 H August 541.44 2775.90

9 H September ~ 541.44 1.822.80

¥ Average 541.44 2076.08
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