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Spatial characteristics of tomato yield and the driving
mechanism of light environment under East—West Ridge
Cultivation in solar greenhouse

JIA Yuxuan'?, LI Youli®, WANG Mingfei*, ZHANGZHONG lili¥, MIAO Yanxiu', LI Lingzhi"

(1. College of Horticulture, Shanxi Agricultural University, Jinzhong 030801, China;
2. Research Center of Intelligent Equipment, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract To explore the spatial distribution pattern of tomato growth and yield, as well as the driving mechanism
of light environment under east-west ridge cultivation in solar greenhouse, tomato was used as the test material.
Two cultivation crops were set, namely the autumn-winter crop and winter-spring crop, and four cultivation ridges
(northernmost RI- the southernmost R4) were arranged along the north-south direction. The canopy solar
radiation distribution, plant growth, photosynthetic physiological characteristics, fruit soluble solids content (SSC)
and yield were systematically determined. Pearson correlation analysis and path analysis were performed to
clarify the driving pathway of solar radiation. The results showed that the growth and physiological indexes of
tomato presented gradient differences along with ridge positions, and the overall distribution of SSC and yield
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was characterized by low values in the north and high values in the south. Specifically, the yield of R1 in the
autumn-winter crop and winter-spring crop was 45.80% and 25.63% lower than that of R4, respectively.
Meanwhile, the differences in SSC and yield among different ridge positions increased with the rise of fruit truss
position. Path analysis revealed that cumulative solar radiation during the whole growth period could indirectly
affect the photosynthetic physiology and population structure of tomato plants through positively regulating SPAD
value and leaf area. The direct effect of SPAD value on yield reached an extremely significant level (5=0.702,
P<<0.01), while the direct effect of leaf area on SSC reached a significant level (3=0.474, P<<0.05). The direct
effect of cumulative solar radiation on yield also reached a significant level (8=0.515, P<<0.05). In summary,
under east-west ridge cultivation in solar greenhouse, the spatial heterogeneity of light environment differentially
regulates tomato yield and soluble solids content through the pathways of “cumulative solar radiation—>SPAD—>
yield” and “cumulative solar radiation—leaf area—SSC”. SPAD and leaf area are the key mediators for the

formation of yield and SSC, respectively.

Keywords east-west ridge orientation; tomato; inter-ridge differences; yield; light environmental driving
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Fig. 1 Schematic diagram of sensor arrangement in solar greenhouse
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Fig. 2 Daily mean canopy temperature and relative humidity among different ridges
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In the autumn-winter season, data was missing from the 38th to the 42nd day after transplanting due to power failure and maintenance of the
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the 42nd day after transplanting, resulting in zero solar radiation.
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Fig. 3 Heatmap of daily cumulative solar radiation of tomato under east-west ridge cultivation
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Hoh RIAT 4 f8 5 W50 F R3,R4ZE 1R 5 R3 1K
F| &g E K- (P<<0.05) , 18] 2 R3 5 R2 Z [H] JC
F2E S MOk Bl A R SRR AL TR AN [ 2 ) 2R S
SSCER/N, X S5MAHMR , /TRESZHEHN T
O I B B R AR AR AR AE A G

VG R RET , & A5 286 5k R R 5 Biop
BRAE K A BAAAE 22 5 i R SR S e i, K 2
AT 7 00 SR S 7 i A 28 ) A0 A b S B Y 2R
S, BAZEOFm, 2 REEH, Mt
RI~R4 1) 5 5 7= 1 ¥y 52 2% 9 338 i i) fa 35 IRk A
24.35.39.61.40.32.44.93 t/hm* 1 51. 15, 62. 62
67.86.68. 78 t/hm”; fiz b Ml 22 R1 = & B K F 4

filh 328 HAK A #H 2 5 KR TAFH, H B fmep il 2&
R4 HE B )43 WM T 45.80% 125, 63% ., ik —
BT AR P R4S P R ) L RABKK
T 1R AT K HEES 1M 2R R2 R3K; A
[7i) ok 3% 2 SRl o 25 SR AR A I TE R B R A
Bl Rk & #HEH 1 2 4R " " T 5 ZEIKKH
11.52%.30.71% .27.11% M1 37.74% , X HH N
10.73% .8.84% .22.42% .40. 46 % F118.74% .
2.4 XIMEXFEMFTEF SSCHIERHLE

AF R BROEE S i SPAD (Pn 7 i
DL K SSC zZ [a] #) Pearson #8 3¢ 1 43 B 45 5 0L 18] 7.
A E AR R BOLE S5 7 & (=0.829) . SPAD
(r==0.53D) 2% & 3 1IE M 3¢ (P<<0.0D), 5 PnGr=
0.690) FIEM K, 5 SSC £ & & 1E A 56 (r=0. 361,
P<20.05), 5 i i B2 1F A 56 (r=0. 462) 5 i i 1
5 Pn & % 1E M % (r=0. 737, P<<0.05) , 5 SSC
BEIEM & (r=0.701); SPAD 5724 & . & 1E M
X (r=0.863, P<<0.01), 5 Pn 2 & & 1IF H K G=
0.707,P<C0.05) ; Pn 5 = & (»=0.773) .SSC (r=
0.893) 5 I 2 IFE AH & (P<C0. 05)

20 SR U0 A5 43 BT figf A7 D' B 458 08 77 £ R i JoT
(IR B AR (K 3D, BT . SPAD 5 Pn Z [H] 47
P BEAOCE A BRI 5 S AL
P PR, AR5 2R FH 7 Ak 8 AR B R S B P A8 4t
LS BT ' A G i A e R CRE (R 45 48D . SPAD (6
B TIHE D)X 7 A R IR Bh R, LAk G L 2R vk
B RECR A, Hrp, BEUG 5 Sx om AR R
SPAD Y5 Ak A2 R B 530 0. 462 F1 0. 531, LA
Fe o AR B SPAD X e B H 4 E AR R R
0. 702, BROGHR J @ L RECN 0. 515, it HI R
P27 R BN 0.013. B BUG R S 8 Rk
0. 894, Horf B 4% 0. 515, [A1424%0% 0. 379( & M- Ti
BUR SPAD 43D LA SSC b B A% s 1 - 0 g AR 6
SSC i) B #5812 R BN 0. 474, SPAD B ## 12 R 5L
90.431, BRUGCH I HiEE R 25O 0. 354, B
A S 0 RN Ry 0. 802, Hevh E A% 0. 354, [H] 4%
RO 0. 4482t AR SPAD A7),

gi b, BBUGEE 58 i 22 51 %42 U8 4% 35 i
5 O AR AR R R T 4R T
SPAD [H] #3458 6 A B8 1, SPAD S 03K 8, i i
FRTC W 35 0 7 BT K 5 O T 6 A% 38 ik 2 - - i AR
FSPAD [a] B4 i SSC B R, - 1 B A% L 3K 5
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Fig. 6 Photosynthetic parameters of tomato among different cultivation ridges
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Table 1 Soluble solids content of tomato among fifferent cultivation ridges

ZE i TR PERTIEY) & &/ % Soluble solids content
Croppfguseason Ri(%g.e 17 2H 3 41 S
position st truss 2nd truss 3rd truss 4th truss 5th truss
R1 5.78+£0.50 a 6.20+£0.33a 6.24+0.15b 6.20£0.33b
N &-SH R2 5.86+0.45a 6.36+0.38a 6.36+0.34b 6.08+0.18b
Autumn-winter season R3 5.984+0.31a 6.76+0.45a 6.62+0.51ab  6.48+0.59 ab
R4 6.10£0.56 a 6.62+0.53a 6.88+0.34 a 6.84+0.39a
R1 6.28+0.43b 6.48+0.43b 6.70+£0.51b 6.90+0.38b 7.08+0.26 a
LE ¥ R2 6.68+0.24ab  7.24+0.68ab  7.0040.41ab 8.144+0.47 a 7.24+0.21a
Winter-spring season R3 6.82+0.29a 7.6840.86 a 7.56+0.59a 7.62+0.53a 7.46+0.42a
R4 6.22+0.35b 6.98+0.40ab  7.06+0.29ab  7.68+0.39a 7.38+0.52a

TE < [R5 A 7] 5% BE e 7R 28 57 1 35 (P<<0. 05) A Al T B R e % 22 57 (P>>0. 05) . R [,
Note: Different lowercase letters in the same column indicate significant differences (P<C0.05), while the same letter indicates no significant
difference (P=>0.05). The same below.

R2 FREHBBEZEFMNTE

Table 2 Yield of tomato among different cultivation ridges

L Ridge 17 21 S 4FE 5EE R Yield per
Cropping season .. . .
position 1st truss 2nd truss 3rd truss  4th truss  5thtruss  Total yield ridge
R1 11.73 7.30 4.02 1. 30 24.35 49.70
Fk&AE R2 15.04 14.53 6.47 3.58 39.61 80. 85
Autumn-winter season R3 16. 24 14. 06 6.96 3.06 40. 32 82. 30
R4 14. 80 19. 30 8. 87 1.96 44.93 91.70
R1 18.62 16.71 7.50 2.35 5.98 51.15 104. 40
RFHE R2 22.81 19. 87 9.55 4.56 5.83 62.62 127.80
Winter-spring season R3 24.11 20. 58 12. 30 3.77 7.10 67.86 138.50
R4 22.38 18.96 12. 30 6.52 8.62 68.78 140. 40
A i e

Soluble solids content -

=}

g 0.064 0812 E

Yield 8

Net photosynthetic rate %

4 AN P ik 0.707%  0.863**  0.149 0436 5

Relative chlorophyll content g&

R 0148 0.737% 0285  0.701 e

Leaf area 0.248 ;@é

RREVCHRST 0.531%*%  0.690  0.829** 0.361* =

Cumulative solar radiation 5 ; ; ; 0

¥
&

o ¥ ke &
> JE
go i &Q@i & 4;\0 %?7 & %{0\1 N
%{8‘ (z,& s % cP & & é\\) &
& r ES 6{9 S \\
$@60 N Q‘;\ 66
¥ & N
O&& Qs\q"\é *\@Q %0\

# A 0p  ZRR7E 0. 05 F10. 01 K- | 3 35 Fbl 35 .

*and ** indicate significant and extremely significant differences at the 0. 05 and 0. 01 levels, respectively.
7 AEHBRAREH MHER.SPAD P "8 K SSC K XM
Fig. 7 Correlation analysis of total accumulated radiation, leaf area, SPAD, Pn, yield and SSC during the growth period
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RI3I EFHEERLES HERUKSPAD 5= SSCHBES
Table 3 Path analysis of total accumulated radiation, leaf area and SPAD with yield and SSC during the growth period

[l A% SRS HARBON 171 22 238 1o SO
Dependent variable Independent variable Direct effect Indirect effect Total effect
g FBUL G 0.515% 0.379 0. 894
EE
i H 0.013 —
Yield ULL
SPAD 0. 702 —
" e 2 BUL 5 0. 354 0.448 0. 802
T R I
i H 0.474% —
Soluble solids content e
SPAD 0.431 —

e s HeR 0 R TE 0. 05 10, 01 K- 1 5 38 Fdl i 35 .

Note: *and ** indicate significant and extremely significant differences at the 0. 05 and 0. 01 levels, respectively.

33
31 FAZERETENEREREENZES
T HFE

VT YOG AR B8 AN 24 02 5% e 4 A B AR A K —
B MAZ O R, H YR E N, MRS R R b
7R BN AS B R B AR B L R AR A AE LR O R
55 T BB AR P 28 e AR 8 il — A oK
HE NI 25 . Ao RN, B K4S
i 22 B0 5 T2 D O PR A SR 23 [ 43 A RRAIE o
HLRF B A, J0 M 28 R1 BBk s 2501 K 1 AR G
FAR T2 R3IF R4, L HAE KA AE L H e ol i
FOAMRGER SO A" HIR KA
TEW A3 I F 458 — 3. X — 45 R0 A5 i 5
TR RIS 7 o R T R R A K B2 ]
SRR T (A R A AR ST R AR F
FEAFEEARKEY R A ARG IR S H A28 2 8] 1
ZEWEAT BT AR /0N o IR ZE T R A ORI A 2ROk R
$t i 550K BH v BE A B O, A RS T AL AN ) 45 4
i I YNUT(TIES 7 s 1 N R S A T N O
By, SPAD{H 2 B i & 2] el db i) pg i 7
1 1Y 25 8] A A RRAE O A R AL S N
HOR H B 2N RASR3>R2>RI R, 5
AL 5 % 0 B 2B R B R R R i
OB R SR T b ) 2 5 R — B0 ) COL MR
TC . B A 2 S RTAY IR Py Ci 2R BEAFAE R I
FOLA R T B THEALIR G . GRS AE N
FEAE YOG G 5 AR B A9 A0 I, o)l R K
o3 A 2 5 ORGSR A5 A S O A LA A, R
HARSE— R B ) A B 22 7 RIR R A R,

M T)BEJZ I — 2R SO IR B S M RO A S 4k
2 A O I o AR TP b 22 RL Y
SPAD {H 5 ¥ 64 3 35 I 1%, 3% B X B0l IR
5 AT RE O 42 0T B T 3 A O AME A, K 550
BRE TSRO G A S ERER LA ]
XFAu A 28 % A1 LED 48 07 XAt P Ak e )2 06 30 5
AN ERIAEK ST EES =T HOLIREAR
BRI AR A 8w . &5 b OGRS
(B8] 3 A7 52 W ¥ 2R P4 28 A () 28 [R) Z a1 A K, HLH
PO A — 2 1 =TT B S RE
3.2 BEMFESRRE S HFERKEE

YEW 77 5t (9 T8 WA O B T 4 77 W 1 A it
N FHARAS ) g ) 43 e 7 =X, X — 43 e 2o 72 3 2
H &8 B e S 5 R FEAL 9 aE T ok sh . A
WA R B, R P8 28 ) AR A BT /b 7 S
At 1] e 388 1 1 e e B RTZE Y 77 82U R4
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5 SSC 7z ) 43 5 iy MR A IR 458 R, AR Rl 2 4%
25 AL B AR S — 2 BB R S RE T DL 9K Bl
P i (8 =0. 515, P<<0.05) , X u] i@ i 0 F
SPAD [a] 2 3K 2 7= 1 JE )i (3=0. 702, P<<0.01) ; —
s RO G X SSC I B B AN A | E (p=
0.354,P>>0.05), 3 B38 f it 17 A5 [a] 42 {2 #F SSC 1
H(B=0.474,P<C0.05), X & “L48 §>SPAD—~>
PR O - B SSCT I AR L IR TR
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5 b ARV ZE I R B R w5 Y 7 A
SSC# Jay , A% i b S o b 55 7 0 6 R 25 5, X
— SR T BRSO A T REAE T i S T
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