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Effects of H-type cultivation rack spacing on the growth, photosynthesis,
yield, and quality of fruit vegetables under different vertical cultivation

models

WANG Yichao', YAO Xiang', LI Jinling', LI Meng"2, MA Yongbin’, WANG Hu"*, WANG Jiging"?, LI
Xinzheng’, DU Qingjie" 2, XIAO Huaijuan"?

(1. College of Horticulture, Henan Agricultural University, Zhengzhou 450046, Henan, China; 2. Henan Engineering Research Center
for Protected Horticulture, Zhengzhou 450046, Henan, China; 3. Zhengzhou Qingqing Farm Co., Ltd., Zhengzhou 450041, Henan, Chi-
na; 4. Henan Institute of Science and Technology, Xinxiang 453003, Henan, China)

Abstract: To investigate the effects of different interlayer spacings in H-type cultivation racks on the growth and develop-
ment of fruit vegetable, this study employed two cultivation models: Tomato (lower layer)+ pepper (upper layer) and
cucumber (lower layer)+ pepper (upper layer). Three interlayer height gradients (120 cm, 140 cm, and 160 cm) were set,
and parameters including growth, photosynthetic, yield, and quality of the three vegetables were measured to determine
the optimal interlayer spacing for H-type double-layer cultivation. The results showed that in the tomato+pepper model,
interlayer spacings of 140 cm and 160 cm resulted in higher plant height, stem diameter, and yield for both the upper and
lower layer vegetables. The 160 cm treatment demonstrated better improvements in photosynthetic pigment content,
photosynthetic characteristics, and quality. In the cucumber+pepper model, the 140 cm spacing exhibited comprehensive
advantages. In this treatment, the cucumber yield in the lower layer was 10.76% higher than the 120 cm treatment, with
no significant difference from the 160 cm treatment. The fruit vitamin C and soluble sugar content increased by 22.14%

and 20.22%, respectively. Meanwhile, the vitamin C content of the upper pepper layer increased by 49.62%, and the ni-
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trate nitrogen accumulation increased by 37.75%. Economic analysis showed that the 140 cm spacing resulted in the high-

est net profit. In conclusion, a 140 cm inter layer spacing optimizes the light environment, crop productivity, and econom-

ic returns, providing valuable technical parameters for facility-based vertical cultivation of fruit vegetables.

Key words: Spacing in H-type cultivation Racks; H-type double-layer cultivation; Tomato+Pepper; Cucumber +Pepper;

Yield; Quality
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Note: 1. Cultivation frame; 2. Seedling foam board; 3. Non-woven fabric; 4. Black-white mulch film; 5. Cultivation trough; 6. Liquid inlet pipe-

line; 7. Liquid return pipeline.
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Structure diagram of H-type cultivation frame (A. Front view, B. Side view)

Fig. 1
Fz1 gt
Table 1 Experimental design
biSER e I
Treatment code Experimental design
TR i+ B RO DTl 120cm FJZ
Lower-layer tomato + upper-layer 120 cm down layer
pepper cultivation DT2 140 cm FJ2
140 cm down layer
DT3 160 cm FJZ
160 cm down layer
UTl  120cm B2
120 upper layer
UT2 140 cm FJZ
140 upper layer
UT3 160 cm )z
160 upper layer
TR HUT+ R B A DCl  120em FJ2
Lower-layer cucumber + upper- 120 cm down layer
layer pepper cultivation DC2 140 em FJ2
140 cm down layer
DC3 160 cm /2
160 cm down layer
UCl  120em B2
120 upper layer
UC2  140cem L3
140 upper layer
UC3 160 em -2

160 upper layer
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Fig. 2 Daily variation of light intensity under different
shelf spacing
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Table 2 Effects of different shelf spacings on growth indicators of tomato and pepper

Qb Pk 75 Plant height/cm 224 Stem diameter/mm

Treatment 15d 30d 45d 15d 30d 45d

DT1 51.43+7.64 a 128.83+7.41 a 215.67+8.98 b 6.36+0.39 a 7.31+0.34 b 9.50+0.34 b
DT2 55.0742.59 a 127.00+7.24 a 235.50+11.17 a 6.90+0.24 a 7.91+0.20 a 10.26+£0.37 a
DT3 53.78+2.08 a 130.83+5.04 a 225.95+10.74 ab 6.68+0.60 a 8.12+0.27 a 10.21+0.66 a
UT1 16.05+1.78 a 24254213 a 52.79+2.98 a 4.35+0.30 a 5.16+0.11 b 7.10+0.12 b
UT2 17.1843.29 a 24.63+2.68 a 53.67+1.46 a 4.49+0.35 a 5.67+0.23 a 7.47+0.18 a
UT3 15.27£1.60 a 22.0743.13 a 54.73+£3.00 a 4.24+0.44 a 5.73+0.48 a 7.66+0.39 a

TE : FIECT R ARG P RERORE AR AN R A B AE 0.05 /KT 2ZRRE. TR

Note: Different lowercase letters in the same column indicate significant difference among different treatments of the same crop at 0.05 level.

The same below.
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Fig.3 Effects of different shelf configurations on chlorophyll content in tomato and pepper plants
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Note: Different lowercase letters indicate significant difference at 0.05 level between different treatments of the same crop. The same below.
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Fig. 5 Effects of different shelf configurations on yield of tomato and pepper
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Table 3 Effects of different shelf spacing on quality of tomato and pepper fruits

wlEAZD w44 Z C©) wCAlEEE YD wOl s E D N
Jogii . ) . . . wCrI VAR
Nitrate nitrogen Vitamin C content/ Soluble solids Soluble protein content/
Treatment . B . Soluble sugar content/%
content/(mg-g") (mg-100 g™ content/% (mg-g"
DTI 68.57+£5.90 b 19.71£1.72 b 9.59+0.55 b 7.11£0.13 b 8.38+0.52 b
DT2 67.29+7.37b 23.59+3.18 a 10.19+0.30 ab 7.65+0.58 ab 9.21+0.57 a
DT3 87.90+5.51 a 23.34+1.04 a 10.26+0.59 a 7.79+0.57 a 9.57£1.03 a
UT1 48.671.21b 104.59+10.97 b 4.88+0.19 ¢ 7.00+0.22 b 10.85£1.15b
UT2 51.4243.29 ab 117.83+11.45 ab 5.23+0.16 b 7.55+0.63 ab 13.38+0.56 a
UT3 53.28+2.98 a 133.10+12.21 a 5.57+0.29 a 7.90+0.86 a 13.00+0.78 a
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Table 4 Annual economic benefits of tomato and pepper production
e NEEMA A FL B AT HuF AL BATA BBURAY SN 5
TreaAtment Manure cost/  Electricity fee/ Labor cost/ Land rent/ Unit price/ Income/ Unit price/ Income/ Net profit/
(Yuan- 667 m*) (Yuan-667 m*) (Yuan-667 m*) (Yuan-667 m*) (Yuan-kg") (Yuan-667 m?) (Yuan-kg") (Yuan-667 m*) (Yuan'667 m*)
DTI+UT1 3 784.60 6418.00 24 000.00 2250 13.20 69 026.50 9.00 19913.95 52 487.85
DT2+UT2 3 784.60 6418.00 24 000.00 2250 13.20 104 056.27 9.00 2343571 91 039.38
DT3+UT3 3 784.60 6418.00 24 000.00 2250 13.20 102 929.31 9.00 23 755.87 90 232.58

2.8 AR B X E NFER A K IE FR A 52T
mk s frow, FEEJNEME 15,3045 d B,
DC2 Kb B Bk ¥ N e, 43 s £ 22.40.101.12,
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(1) Z2HHAE 15,30 d B AN 52 J2 (8] BE ¥ 52, 45 d B
DC2 Kb B 1) 22 % K, 1A £ 9.93 mm, /& DC1 4b 2
1) 1.13 f%, 5 DC3 Ab BB 2% 7 7 . X EJZ B

M5 bREfE 15 d B, S AR J6 35 % 7530 d
I, UC2 4b P M = f = » & UCL 1 116 %5, 5
UC3 LREZER. 1£45d K, UC2 kB #k = &
FET UCL, 5 UC3 LRFEZER . BBEEEME
15d A1 30 d i), &AL PEZEM TE B 3% 22 57, 45 d i,
UC2 M1 UC3 L% %57 B & mT UCl. k
R R R, NEKIEFRKRE S 140 cm A 160 cm JZ
Vi) L TR X R 1 28R A e

x5 ATRIRZRERERN & NFIERAE R IB IR R0

Table 5 Effects of different shelf spacings on growth indicators of cucumber and pepper

Jrogii #f % Plant height/cm 254 Stem diameter/mm

Treatment  15d 30d 45d 15d 30d 45d

DC1 18.02 £2.52 b 96.35+4.71 b 212.17£2.71b 5.50+£0.72 a 7.01£0.61 a 8.82+0.65 b
DC2 22.40+1.31 a 101.124+4.07 a 222.08+3.50 a 5.46+0.12 a 7.12+0.30 a 9.93+0.16 a
DC3 22.23+1.96 a 100.13+4.70 a 220.55+4.03 a 5.07+£0.60 a 7.15£0.43 a 9.52+0.54 a
UcCl1 16.90+0.87 a 23.13+2.60 b 50.50+3.08 b 4.4940.26 a 5.33+0.24 a 7.00+0.22 b
uc2 16.23+0.76 a 26.73+1.28 a 54.93+1.92 a 4.5140.29 a 5.49+0.29 a 7.56+0.13 a
uc3 16.75+1.35 a 25.28+1.56 ab 54.82+3.21 a 4.434£0.31 a 5.35+0.20 a 7.53+0.41 a
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SRR E ST DC1 A FE 11.25%.14.29%, H.
DC3 5 DC1 1 DC2 76 8. % % 7 s 3 Nt Gl
K, DC2 A, 9 19.16 pmol - m™>- s, 43 5 &
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i lE] CO. ¥ AR Ak 34 55 3 R — 350, 3 AN Kb 2 TE] T8
2 ZE 5 s UCT Ab 38 (1) 75 i T8 238 A & T8 2 iy
ik, B F LT UC2 f1 UC3, H UC2 5 UC3 i
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2.11 AEREEX &R~ 2800
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P B R, 2 AN 2.43 F105193.71 kg, B DC1 AL ¥R
BFERE T 10.45%41 10.76%, 5 DC3 AP 5.2
5. LR R EAN 667 m* P EE T Z
T NAS L 34— 5, B UC2 AT UC3 Ab T8 B 25 2
SR EET UCL AAFE., 45 51RW, 8 K12
FEOO T 2 38 IR B ) = = 35 A R E A
2.12 A[EEEEEX ERAERR L MRS

BT & 0 E AN [F] 2 (0] PR AL B R A7 7R B3 22
F. K 6 Fias,DC2 A F R SR 4EA R C A
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Fig. 6 Effects of different shelf configurations on chlorophyll content in cucumber and pepper plants
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Fig. 7 Effects of different shelf spacing treatments on photosynthetic characteristics of cucumber and pepper plants
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Fig. 8 Effects of different shelf configurations on yield of cucumber and pepper
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Table 6 Effects of different shelf spacing on quality of cucumber and pepper fruits
HAEZD (HEAZE O QuprS 7)) CAT¥ ) e
e W RS %L W Ei% w T{ﬁfi..ﬂ/% IQIRES ﬁEl wC AT
Nitrate nitrogen content/ Vitamin C content/ Soluble solids Soluble protein
Treatment . B . Soluble sugar content/%
(mg-g" (mg-100 g™ content/% content/(mg-g™)
DCI1 30.59+£2.54 b 8.22+1.08 b 3.67+£0.28 b 6.94+0.36 b 5.34+0.92 b
DC2 35.77£3.71 a 10.04£1.17 a 4.17+0.14 a 7.80+0.68 a 6.42+0.43 a
DC3 30.90+3.04 b 8.64+1.02 b 3.99+0.17 a 7.04+0.29 b 6.22+0.47 ab
ucCl 49.94+2.35 ¢ 81.83+8.16 b 5.27+0.20 b 7.04+0.36 b 12.40+1.37 b
uc2 68.79+4.14 a 122.43£5.26 a 5.72+0.28 a 7.72+0.59 a 13.42+1.04 a
ucs3 62.02+£3.32 b 121.52+6.12 a 5.89+0.17 a 6.95+0.34 b 13.37+£1.40 a

1.14 f11.20 %, ¥ & T DC1,{H5 DC3 LiEZEZ 213 BERMEMESZFHES T

S TEFMUL R, UC2 MBS R & B s WER 7 Fhw , 30 N+ BRI A B 250 a4 —
HWREUC3, UCT &k, =F M ZEREEH. UC2 A FEME 2 HEY RS, ER L B2k N L A2
UC3 Ab PR 4 A= 28 C AR ¥ 1 [ J2 4 B ml 5 P i [l & 3 o 35 127.6 62667 m”. X AE T
SELREER, HEZEST UCI A v SR DC2+UC2 AH R, N 62 826.91 JG+667 m?, th
EE, UC2 AP s, 70 il /2 UCT AT UC3 4b# DCI1+UCIH i 20.25%, 5 DC3+UC3 Ak FEAH % A B

7 1.10 A1 111 fi5 e 28 BRTIR, s N+HAR N, B ZRERE  XUZ /K5 4L i b e 5 IO AR
140 cm [z [] AR SR Sl o e £ FheE TiEAE, Hh DC2+UC2 AbFE R IR, Sk

R ENIRME TS
Table 7 Economic benefits of cucumber and pepper production

s HEAE L9 AL Hh A TORERAY BT BB BN R
Manure cost/ Electricity fee/  Labor cost/ Land rent/ Unit price/ Income/ Unit price/ Income/ Net profit
Treatment B B B > . B . B B
(Yuan-667 m*) (Yuan-667 m”) (Yuan-667 m”) (Yuan-667 m”) (Yuan-kg') (Yuan-667 m”) (Yuan-kg') (Yuan-667 m”) (Yuan-667 m™)
DCI1+UC1 2 459.60 6 418.00 24 000.00 2 250.00 7.00 65 639.91 9.00 21 736.70 52249.01
DC2+UC2 2 459.60 6 418.00 24 000.00 2 250.00 7.00 72 711.89 9.00 25242.62 62 82691
DC3+UC3 2 459.60 6 418.00 24 000.00 2 250.00 7.00 72 014.66 9.00 24 668.93 61 555.99
BT 5 ORI BB B3 [ 48 R FEER, H AR FE 1 20%~26%, 51 K T E G
3 Wi 5L SR AR T RS AMEE R, BET T BOG & 0] 22
NTE—a42a b - _ .
TREK KR Be R AT H B BRI T8 454

SRR E I T B AR R R R T M B e 0 (57 N S AR S TR >
B ABRIRIER 3 BON 20660 RN (PAR 26 MR EERY AR N S8 M2 T BL, REEL ML A i
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