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Effects of multi-layer three-dimensional cultivation combined with
artificial lighting on lettuce yield and quality in Greenhouse
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(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of
Agriculture Sciences, Beijing 100081, China;

2. Key Laboratory of Energy Conservation and Waste Management of Agricultural Structures of Ministry of

Agriculture and Rural Affairs, Beijing 100081, China)

Abstract To improve space utilization efficiency and save resource in greenhouse with single-layer cultivation system,
taking Aquino lettuce as the research object, the effects of greenhouse combined with three-layer cultivation and
artificial light supplement on lettuce yield, quality and power utilization rate were studied. The results showed that the
total dry matter quality of lettuce could be significantly improved by increasing lighting on the middle-layer and down-
layer. Under the treatment of middle-layer and down-layer with artificial light, the yield per unit area respectively
increased by 0.6% and 0.8% with the increase of 1% DLI (Daily light integral). The specific leaf areas (SLAs) of
both middle-layer of down-layer with artificial light and up-layer without artificial light were all smaller than that of
middle-layer and down-layer without artificial light, that is, their leaves were thicker. The photosynthetic capacity and
the formation of photochemical components of leaves grown under high light intensity were significantly promoted. The
total sugar content and chlorophyll content in leaves under supplemental light treatment were higher than those without
light supplement treatments. Although the power consumption was increased, the lettuce yield was also significantly

increased. The input/output value of light supplement treatments were 0.08 — 0. 09 kW « h/g. It was significantly
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higher than that of 0.2 —0.3 kW « h/g in the middle and lower layers without artificial light, and the space utilization

tripled after adopting three-layer cultivation system in greenhouse.

Keywords greenhouse; artificial lighting; solar energy; lettuce quality; power consumption
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Fig. 1 Schematic diagram showing a cross section of
multi-layer cultivation frames and the layout of

fluorescent lamps in the experimental greenhouse
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Fig. 2 Daily light integral on up-layer, middle-layer
and lower layer of the cultivation rack during

the experiment
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middle-layer (b) and down-layer (¢) during winter solstice
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(F D, B BRI BT 8 5 0 86 I CK-M
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Table 1 Effects of supplementary lighting on

plant fresh weight and dry weight

b3 BB B /g PR TE /g
Treatment Fresh weight Dry weight
CK-U 67.4+3.7b 4.14+0.1b
CK-M 25.4%+2.3 ¢ 1.4x0.1¢
CK-D 18.3+3.8 ¢ 1.0+0.3 ¢
TL-M 93.2+8.2 a 5.2+0.5a
TL-D 83.24+10.1 a 4.740.7 ab

R SR R A 6] /NS 5 8 3R 78 R [R] Ak 31 1) 22 5 I 2%
(P<0.05), CK-U,CK-M Fil CK-D 43 5] 4y % BEAS #b 5
JhEERY E 2 CPRRRZ . TL-M A TL-D 43 51 R #h 6
ERHTRREMTE. TH.,

Note: Different lowercase letters represent significant

differences among treatments (P<Z0. 05). CK-U,
CK-M and CK-D are the treatments without
artificial light on the top-layer, middle-layer and
down-layer, respectively. TL.-M and TL-D are the
treatments with artificial light on the middle-layer

and down-layer, respectively. The same below.
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Different lowercase letters represent significant difference
among treatments (P<C0.05). The same below.
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Fig. 4 Maximum net photosynthesis rate under

control and top lighting
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Fig.5 Effects of supplementary artificial light

on specific leaf area
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Table 2 Effects of supplementary lighting on total soluble sugar

and chlorophyll content in lettuce leaves

fib P w(AEER / (pg/) w2t #) /(mg/g)
Treatment Total soluble sugar Chlorophyll content
CK-U 0.8240.04 b 0.30%0.01 ¢
CK-M 0.6840.05 ¢ 0.3440.01 ab
CK-D 0.60%0.01 ¢ 0.35740.04 ab
TL-M 1.01%+0.10 a 0.397£0.06 a
TL-D 0.8840.05b 0.3740.01 ab

2.5 HEXNeeF BREMBEER BRELE
AEW T 20184 11 H 11 HEBHZERZE. 12
A 16 HAFRN A K AR 35 d, X500 ] 4541
FRETHELE 1 A TR WG PR K IR g 2R A A
144 BRAESE AR PR K R BFER i 78. 75 kW « h,
MW T 35 d ARFGWBERR B i A 4 196 kW « h,

RSB IE WA BT AL AR A SRR LR 3, b
AL FE TL-M Fl TL-D #EHL & FE ARG AN BEAE L &
BARAESEE T 1.9 kW « h, (HAMNE AN H B B34 m T
AR L F T v AR SRR T AR R R
TL-M A&bFEF1 TL-D 435 CK-U kb B %A 3% 2%
S AHEH B T CK-M fll CK-D 4b B,

®3 AELEREKREXNERENENRERRE
Table 3 Electricity consumption per plant and per lettuce gram under supplementary artificial light
/(KW « h/#) Electricity consumption A A 3 R i/

Ak B (kW « h/g)

Treatment KEE AT it B it Electricity consumption per
Water pump Lighting Heating Total unit lettuce mass

CK-U 0.54 — 5.0 5.54 0.08 a
CK-M 0. 54 — 5.0 5. 54 0.20 b
CK-D 0. 54 5.0 5. 54 0.30 b
TL-M 0. 54 1.9 5.0 7.44 0.08 a
TL-D 0. 54 1.9 5.0 7.44 0.09 a

3 WiR5ER

e G50 1A it 2 AR A ORI R L AR L I A
BT AR AT USRS 9 A AR . HDOG IR B A
X 459 50 5 {EL S B R A A 2 i) 1) R AT A 8 T
il 2 2 [ M I0R B o™ o AR IS s N TR
PR T I 22 )2 S AR I 8 0, 78 il % 9 R
A1 3 JE S AR 9 75 3 38 ) 2 A A e 2R L 4
(AL R VAR SR A TTR AV D D=

JCHE R AR Y A KL H R R R

YRE R AR A A T DR BRI #b 7 % IR AR A A A
PRAK KT E . Al b AR xT HOG IR R
BRI TR R 3~6 mol/(m” « M, Pk & B iR
FARIGEHL)ZE )2 MR )E Y DLI 43528 6. 40,
1.30 M1 1.26 mol/(m* « &), HEH F 2 DLI iz
TR A SR A KW E RS A AR B H B2
i, YR RA AL TR BRI R 7SO B AR A AL A
AR AER R TR ER, AR R B RDE
MTZRAN AR o F R Em AR TR, 1T
KL ANEALE TL-M A TL-D, &3 i 1% DLI,
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