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Research on mechanized cultivation mode of east- west double rows of

large ridges for tomato in solar greenhouse of Hexi Corridor

CHEN Ting', REN Chengliang', ZHANG Guolong', LI Zeshan', YUAN Haiying', CHANG Tao’,
KANG Enxiang’, ZHANG Yuxin®

(1. Wuwei Academy of Agricultural Sciences , Wuwei 733000, Gansu, China; 2. Vegetable Research Institute, Gansu Academy of Agricul-
tural Science, Lanzhou 730070, Gansu, China)

Abstract: A greenhouse study was conducted to explore the optimal plant and row spacing configuration of the east-west
ridge mechanized cultivation mode of tomato in solar greenhouses in the Hexi Corridor. In this study, under the premise
of the same tomato population density, three experimental treatments were set up in the east-west direction T1 (with a
large row spacing of 120 cm), T2 (with a large row spacing of 140 cm), and T3 (with a large row spacing of 160 cm), the
local north-south conventional cultivation mode was used as the control (with a large row spacing of 80 cm), to investi-
gate the effects of different cultivation modes in the east-west and north-south directions on tomato growth characteristics,
illumination, photosynthesis, yield, and quality. The results showed that the east-west cultivation mode significantly im-
proved the tomato light environment and tomato quality with increasing row spacing compared with CK, while maintain-
ing the same population density of tomato. However, the row spacing was too large, leading to significant overgrowth of
tomato plants (T3 plant height significantly increased by 9.26% compared to CK, stem thickness significantly decreased
by 22.14% compared to CK). The yield of T1 and T2 increased by 9.59% and 12.32%, respectively, compared to CK,
while the yield of T3 significantly decreased by as much as 20.57% compared to CK. In addition, the east-west cultivation
pattern increased the soluble sugar content and decreased the total acid content. The T2 treatment significantly increased
soluble sugar content by 1.05 percent points and decreased total acid content by 0.06 percent points compared with CK,

and its yield reached a maximum of 7 857.98 kg - 667 m™. These findings suggested that the tomato plants with large row
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spacing of 140 cm, small row spacing of 40 cm, and plant spacing of 30 cm were the optimal configurations for the

east-west mechanization of tomato cultivation mode in the solar greenhouse in the west corridor of the Hexi Corridor.

Key words: Solar greenhouse; Tomato; East-west ridge; Growth; Quality
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Table 1 Parameter design of different experimental treatments

FEMRAT ¥ Row spacing/em

X T THSERREE SPRpREE SR
f“\:iment lj)i:?ction ;J;jjl}fiw Iﬁgféow Calculated density/ Calc.ulated plant Actu.al plant Actual densityw
) ) (Plant- 667 m™) spacing/cm spacing/cm (Plant-667 m™)
spacing spacing
CK #t South north 40 80 2470 45.00 45 2470
Tl Z: V1 East west 40 120 2470 33.76 34 2452
T2 %<7 East west 40 140 2470 30.00 30 2470
T3 Z<V East west 40 160 2470 27.00 27 2470
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Table 2 Effects of different ridge cultivation patterns on growth indexes and chlorophyll content of tomato

ab M EX AR w2 ER)

Treatment Plant height/cm Stem diameter/mm Leaf area/cm’ Chlorophyll content/SPAD
CK 133.33£2.73 b 14.77£0.43 a 528.02+18.52 a 46.97+0.82 a

Tl 137.00+4.36 ab 11.87+1.11 ab 495.84424.00 a 49.73+£2.09 a

T2 145.33£0.88 a 11.50+0.75 b 507.87+30.12 a 49.40+0.44 a

T3 145.67£3.84 a 9.09+1.29 b 337.46+£26.97 b 46.60+0.32 a

T ANFVNG FREROR A ] 2 R B3 (p<0.05) . FIAL

Note: Different lowercase letters indicate significant difference among treatments(p<0.05). The same below.
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Table 3 Effects of different ridge cultivation patterns on the illumination of tomato population Ix
b ¥ 50 cm St HEFE 100 cm JGHEFE 150 cm J&
Treatment Tllumination of 50 cm Tllumination of 100 cm Tllumination of 150 cm
CK 3937.67+255.48 a 5520.00+48.40 ¢ 8 785.67+£31.95d
T1 3157.67+123.26 b 7 545.00+£240.18 b 11 690.67+67.26 ¢
T2 3248.004+234.98 b 8 528.00+£599.87 ab 13 306.67+44.17 b
T3 3231.67+127.71b 10 053.00+881.04 a 14 027.67+409.63 a
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Table 4 Effects of different ridge cultivation patterns on photosynthetic indexes of tomato plant population

. e O EHE R . %%EX AL JiL1E] CO, M EE _
Height/cm Treatment Net photgsyﬁthetlc rate/ Transplrfitl(?n rate/ Stomatal éonéuctance/ Intercellulaﬁ CO; concentration/
(umol-m*-s™) (mol-m?-s™) (mmol-m*-s") (umol -mol™)
50 CK 21.73+£2.08 b 36.33+0.61 ab 1.50+0.23 a 375.32+20.18 a
Tl 16.70+0.05 ¢ 27.29+0.54 ¢ 1.19+0.12 a 351.19+£22.92 a
T2 14.65+0.63 ¢ 33.22+1.73 be 1.65+0.21 a 401.26+59.48 a
T3 25.71+1.01 a 42.72+4.07 a 1.34+0.20 a 407.29+14.46 a
100 CK 21.98+1.81b 36.40+0.55 b 3.19+0.27 ab 452.00+11.55 ab
T1 17.01£0.49 ¢ 27.68+0.49 ¢ 2.38+0.18 ¢ 436.40+7.69 b
T2 21.86+1.00 b 34.63+0.87 b 2.49+0.20 be 446.33+4.76 ab
T3 26.03+0.17 a 42.88+0.74 a 3.42+0.20 a 466.66+6.99 a
150 CK 20.45+0.38 ¢ 36.81+0.43 b 3.79+0.37 a 233.92+57.98 a
Tl 21.87+0.31 ¢ 29.02+0.39 ¢ 3.82+0.12 a 256.61+50.81 a
T2 27.16£2.27 b 36.2240.30 b 4.43+0.13 a 272.63+11.96 a
T3 35.78+1.99 a 44.59+0.64 a 4.01+0.16 a 233.89+11.31a
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Table 5 Effects of different ridge cultivation patterns on tomato yield

b ¥ PR AL AR R L%/ S ra

Treatment Number of single plant fruit Single fruit mass/g Single plant yield/kg Equivalent yield/(kg-667 m™)
CK 11.33+1.20 a 218.06+14.82 ab 2.83+0.07 a 6996.28+0.17 a

T1 14.00+1.15 a 210.32+28.25 ab 3.13+0.10 a 7 667.08+0.24 a

T2 12.00+0.58 a 265.21+1.34 a 3.18+0.14 a 7 857.98+0.35 a

T3 12.67+2.19 a 177.47+£10.28 b 2.25+0.12 b 5556.92+0.29 b
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Table 6 Effects of different ridge cultivation patterns on tomato quality

wCAIE ISR ) wCATVETERE) w(ZEEER O wilF S AR w(EMLLE) wCEL R
Treatment Soluble protein content/  Soluble sugar content/ Vitamin C content/  Free amino acid content/ Lycopene content/ Total acid content/
(mg-g" % (mg-100 g™ (mg-100 g") (mg-100 g") %
CK 0.33£0.03 a 2.07+0.00 ¢ 10.59+0.29 a 14.95£2.44 b 15.44£0.29 a 0.38+0.03 a
Tl 0.34+0.06 a 2.78+0.04 b 13.58+0.60 a 20.21+4.04 b 14.79£3.32 a 0.28+0.01 b
T2 0.35+0.09 a 3.1240.10 a 12.72+1.74 a 31.82+5.02a 16.58+1.82 a 0.324+0.02 ab
T3 0.35+0.06 a 3.26+0.17 a 12.66+1.41 a 35.34+0.29 a 16.20+£0.97 a 0.29+0.01 b

3 Wi E4R

b5 G BRI AR AT BE 2 ORUE AR R AR D AR
R RSB R 2, W SRR BRI A, K 2 A A R A
KT, AR AR, AR K e bR RIS R S =T
A, 52 R 3 28 T7 9] ) 5 ) AN K AF 3 At vk v Bl A AT
(i) 2 P 8 KT A BB 38 K, ZEHH i 5 47 1] B2 P 384 K Tf
AW /N s 24 B AR FE A 27 em (TR, 5 CK #H
Eb, HoRR s BB 1K 9.26% , 254 B35 /D 22.14%,
TR 5 25 BRI 36.10%. X — 45 SR 5 Z Mt 7w &
Mgse—80, EHE MR B B EA TR T AT
Vi) AN DRI 388 K, 7 0 ke AN BB 0 /), kB O 2 5 3K
FERRGE K T,

IR ARV AT e A1 P 2 B 25644, 1T e
oA o iy o R 5 A E A i T AR BB AR 3L
K/NHEF R EEEY AR 5RES , WX EY)
AR R AR Y AR AR B, ARV A R
Jb AR 7 3 52 56 R0 B RCR A — B 75 B i
5 2 14 ) o HEPEE A i b e R R R U 2 PRI 5 B
AT ERII B R ARG 0, AR 7 [ R R U FE b
i) (CKO [ % B RE 52 AN I 386 K& 95 5 76 75 0t A PR
150 cm = EEAL, T3 (AT EE 160 cm) [/ 8 FE ¢ CK
BERT 59.67%. K, 76 R P AR5 0T, Bl
FEAT EE 3G K, T Ah R AR B AR AR RO IR £,

- 164 -

A A FH 1 5, W 6 2 i AR K B AT R SR R
H » 52002 AT 5T 45 R — 2

FAAE A B FTAEY), 2B 2 [ FIAT 2 ) 6 R PR
A RS, MRAT PR B A R B G R ' e A R
RS RS LA B ™. AR, 7E
e MR AR BB, A PH 1A T1.T2 &g Ak 1A (CKO i &
A A AE A BT ES 5 T3 Wa Gl R K T1.T2
A CK 442 2 19 K FERE R BEAR 150 em & AL, T3
[ ¥4 Ot A o 28 N ZE I T R B CK 7 il B R
74.96%H 21.14%. FHIEAT WL, B AT R AT & = B
(AN T 388 1, 2% o A 1 P AR B 2 38 5, TR I3
FERAR T R 6 S A P R B A B R,

KEMTE R0, 22 17 MR AT BE X AE 9 K6 Al e
RR A HEER, [0 5T X EY P s A T
(RS2 AR 5T R B, R 14 ) R b ) A R R
5 77 A0 2 n Bk 5 R A RS AN 2, R AOR
F,T1.T2 &3 )= 845 CK SR AA R, 1M1 T3 4
RS CK 23 T 20.57%. BT, e 2 ke
VEND A= 77 1 B8 2R 2R, E PR 5 5 S 5 T i Ak
V)38 B 1 920 6 2 559 4 30 S AN R FH 26 (1) =2 2 R
RO EAR T3 A EE R AT A K, A R 2R
T AT 2% i P A o 2R e i o (HL R I AR 2 P AN AR
g L R AR BRI N R E K ST BRI
2, &M E N ERBLRS, FR, R0 A



5541

Wi de, 55 TP E RE H D'l = 7 i AR 7 1) K 2B 0T B LA R A X 7T

X ISR 5T

Jera A [mAR S J7 o v R B A 4EAE 2R C R

ZLER O B AL AN 2 2 T A (] A 2 1 88 ki mT i 1

BRI 2 A R R CK WA AR E MRS,

FLrp T3 Kb PR AT B U B R R S B CK

I3 5 R 57.49% 1 136.39% , MR & &5 CK

2 PR 23.68%.  HHLTFT L, 2R 78 [ AR A X T Bl

BRI, MO AT B TR 3 G, AT

i B 2 i 2R S i A BT, X — S5 R 5 X

WHIE 5 AL
25 L RTIR , ARV 2B 77 2 e b ) A% SR R

J7 A, FEARFF R AR DB LA AT,

IRVUZBAT BEBOK , MR EE B/, B/ MM S B4 K

MR BEAN, AR VU ZBRE AT A 32 ' A R 0 1 2

AR ST B AR A R AR A, BEE AT B

FRHE K, B A IR B WY S 5, 2 B A B W

eFt. LRAEFERE, T3 B AR KN, S 8™

FA CK 3 PEAIK 20.57% 5 10 T2 Ab¥E N 3 i = L

5B 7 857.98 kg - 667 m?, i i 155 B 2 B

HETHAAE . P KATBE 140 em /M T 8R

40 em. FREE 30 cm Jy¥A 74 A JAR 1 O 5 7 i 2R 7

) E AL AR A A e FEARAT BT &

S0

(11 ARABZR, FEWIE, AT, S5 B2 A s RS ).
LA A RFE,2021,49(1):97-102.

[2] BRI, o8 PRk A 55 [ A AR SRS DL R e DR 1] 5%
3,2016(8):76-79.

[3]  ORILE, ZRBH . DLAZ-ARML- Tt IR B Rl 4 30 1 it el 25 v
WORREI]. A TRHAR,2020,40(1) :44-47.

[4] KA s, I, 5 LR B R LR A U 5 X
SRR FL] . E R AL 23], 2024,45(10) :327-331.

[51  BRAAE, X156 . 2019 b EIEESEHUMAL K AR 5[] b LR AL
M4, 2020,41(3) :46-53.

[6]  ARILE . H OGRS B3R R UL 1 —Fh gt R[]
AL 47, 2018,39(9) : 26-29.

(7] B4, S05 WP, S PR S FE ST H Y6 iR % AR P 2R R
700 77 R ST I B R 5 I [0 T R Ok B 2, 2021, 50
(5):99-106.

[8] SONG W T, LI C X,SUN X G et al. Effects of ridge direction

on growth and yield of tomato in solar greenhouse with diffuse

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

film[J]. Transactions of the Chinese Society of Agricultural En-

gineering,2017,33(24):242-248.

WAEDL, B/, G, AT EE R K ot A et 2 R

RIS Ar Re 77 TR 52 B SR S b T (RS A [0 o O R 2

2023,56(11):2141-2157.

WREEC, 2, 2848, &5 B 1A FIRRAT BEIC B0 H DOl 2 i

A K ] L AR AR R 2022, 54(3) :63-67.

P L H OGRS R T 2 ) R 5 4 7 5t B A B T [D]

TRFH : R BH AR K 22,2018,

WA, Y, S, 55 2B ER6 H i 5 3 00 4R 7 28 1) # B ok

WEE e [J]. b5 2,2022(23) : 54-60.

VR 7R M ar [, SRR Z Rl 0 H b iR =

R AR I 70 [] . AR ML 24, 2021, 42(6) : 55-59.

A R A E A AL S SRR R R M. bR s AR RS

Ji 4k ,2000.

TRPEH, BB, R B, A DY) R AR AN B LA R B

PRIGHTFT]. b R LA 4, 2024, 45(5) : 64-68.

R L . R 2 T R AT D Dl = 7 A AR K R R I B

M[D]. th A Ze 22« th 2R 4k, 2019.

KINE, . B 2 H I A 7 R R S R T N S AR

WHFL[D]. HIH TR Ak K %2, 2014

A8 HOBIR S A A R B A Al A R B SO Re R i
K [D]. R EE 2 R K2, 2024.

FEAEET MR R g, AR, S R 28 MO SO H R IR E KA

T A A S RO R s (] b L A2 4, 2022, 38
(30):65-71.

DL, B/, SRR, AT RE R K ot A et 2 R

RIS Er Re 77 TR 52 B ARSI b T IR S Al [0 o b R 2

2023,56(11):2141-2157.

FFHE . HOBIR AR 7 28 1m0 AR A S A IR PR B
UEZI[D]. P BH « P BH A K A%, 2023 .

Mrja b, 22 L, & P . FDOG IR S KA T R 7P 2B E AL

FERIE B 2RI S HT T[] E 5E2E,2024(9) : 104-111.

T TR T M AR EERHEY G A 1 A RE R

S B U R )] . L 5 e, 2012,1(3):129-134.

KMERE, RIERAR , AR ROR , 25 AT [m) BRI 7 200 FORAE R 1910]

55 2500 R A G MR 10 B2 i 7). L3R 5 E 4 2016, 5(3) ¢
159-165.

2%, DRI, RIS [R5 5 47 B 7 A K 2

R 677 E 2020016 :8-16.

KFE . B 28 KAT AR B0 % 7 07 R T B S AR A A 1

S FL[D]. REAIIERR - N Sl Ol K, 2019.

<165 -



