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Construction of greenhouse tomato transpiration model based on

light radiation time-lag effect

SUN Yixin, MA Lele, MIAO Lili, HE Jiaxing, LI Jianming

(College of Horticulture/Key Laboratory of Protected Horticulture Engineering in Northwest China sMinistry of Agriculture,

Northwest A&F University ,Yangling s Shaanzi 712100, China)

Abstract: [Objective) This study constructed a greenhouse tomato transpiration model based on light

radiation time-lag effect and determined its application parameters. [Method] According to hourly transpi-

ration of tomato obtained from automatic continuous crop water consumption recorder and the time-lag re-

lationship between tomato transpiration and greenhouse environmental factors,a greenhouse tomato tran-

spiration model based on the time-lag effect was constructed and verified. Based on the transpiration model,
treatments of T1 (1.0 ET), T2 (1.2 ET),and T3 (1.4 ET) were set. The effects of different irrigation a-

mount on tomato photosynthesis,anatomical structure and dry matter were studied,and the model applica-

tion parameters were determined. [Result] The time-lag effect between light radiation (R,) and transpira-

tion on sunny days was 1 h,and there was no time-lag effect on cloudy days. The time-lag effect was benefi-

cial to improve the accuracy of transpiration model on sunny days,the standard and relative errors were de-

creased from 0.117 2 mm/h and 31.00% to 0.088 5 mm/h and 23. 42% .and the Nash coefficient was in-
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creased from 0. 72 to 0. 84. The photosynthetic capacity of T3 was better than T1 and T2, and leaf thick-

ness,palisade tissue thickness,and palisade tissue/spongy tissue ratio of T2 and T3 were significantly high-

er than those of T1. Dry matter of T3 was significantly higher than T1,without significant difference with

T2. Considering water use efficiency, T2 treatment was the optimal. [Conclusion] Greenhouse tomato tran-

spiration model with light radiation time-lag of 1 hour had the smallest error and highest accuracy. The

model irrigation parameter in fruiting stage was 1. 2.

Key words: protected horticulture; greenhouse tomato; light radiation; transpiration model; time-lag

effect; Penman-Monteith equation
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Fig. 1 Diurnal variation of weather condition in growing environment of tomato
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Fig. 2 Daily variation of tomato transpiration
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Table 2 Coefficient of determination (R*) of dislocation analysis between weather condition and

transpiration under different time delays

fif X Sunny days BHK Cloudy days

mﬂf‘llay i 25 M R 5 J2 1 A A i 75 S AH I 56 J2 v A A
T. Hr R, T. Hrg R,
Te i} #E Delay free 0.859 2 0.887 3 0.6310 0.034 4 0.296 7 0.319 4
I 0.5 h Delay 0.5 h 0.822 2 0.780 5 0.740 8 0.023 3 0.2005 0.270 7
B 1 h Delay 1 h 0.650 4 0.5417 0.770 9 0.014 8 0.080 8 0.200 5
B 1.5 h Delay 1.5 h 0.392 4 0.2829 0.673 0 0.007 1 0.020 4 0.1215

TE P E RECRD KT 0.6 B ISR R FH R ZBIHR R AR RE,

Note: The regression relationship was significant with coefficient of determination (R?) greater than 0. 6.
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Fig. 3 Comparison between simulated and measured values of tomato transpiration in greenhouse
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Table 3 Error analysis of transpiration hourly model for individual greenhouse tomato

(X PrifER2E/(mm « h™D) X 22/ % EURAREL

Model RMSE RE NSE
TE IR Delay free model 0.117 2 31.00 0.72
i 1 h A% Delay 1 h model 0.088 5 23.42 0. 84
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Fig. 4 Effects of irrigation amount on medium moisture content based on transpiration model
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Table 4 Effects of irrigation amount on tomato photosynthesis based on transpiration model

4h 30 oA/ FE I i/ Mala] CO, ¥/ SALSEE/ K3 R R BCR/ MR S/
Tr qtﬁ ot (pmol+*m™2 «s™ 1) (mmolem ?-s™ 1D (pmol + mol™1) (mol*m™? +s™ 1) (pmol » mmol™ 1) (mg+g )
catme P, T, G G, WUE Chlorophyll content
T1 12.80 b 5.80 ¢ 334.30 a 0.50 b 2.20 a 3.719 a
T2 14.31 b 6.83 b 335.34 a 0.51 b 2.10 a 3.828 a
T3 19.78 a 9.78 a 340.03 a 0.67 a 2.02 a 4.119 a

VE ) 510 5 A )/ 5 9 % A B 22 53 9 (P<00.05) . Il
Note: Different lowercase letters indicate significant differences among treatments(P<Z0. 05). The same below.
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Fig.5 Cross-section microstructures of tomato leaves under different irrigation
amounts based on transpiration model
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Table 5 Effects of irrigation amount on anatomical structure of tomato leaves based on transpiration model
i 51 LU/ i 2 18U/ wie/ B
= ZH 2R )5 B/ pm g 405 2 2R pm ”fﬁj;ri"h/ym .
o~ . . . . . . ; Palisade tissue/
Treatment Plisade tissue thickness Sponge tissue thickness Leaf thickness .
spongy tissue
T1 144.18 b 131.15 a 310.17 b 1.10 b
T2 175.03 a 133.98 a 353.02 a 1.31 a
T3 166.79 a 132.25 a 337.30 a 1.26 a
2.4.4 HEBMENEHRTHRARR ARG Y0 (4 L 81 43 53 kg 58 %0 ~ 6096, 3420 ~ 3620 I 504 ~

BEVEWE B, A TR R R BT . 600, T3 ARyt i RIZE T B B KT TR
M 6 AL A AL BN F & B T RER/ANER YRR A B R 22 5 AN B2 T3 AL BT B
PR =20 ZER T EE LS T RAE BERT TIAR.S T2 AHERAEE.

*6 ETEBERINERENEMTYRBENSENZIN

Table 6 Effects of irrigation amount on tomato dry matter based on transpiration model g/ kK
hib 3 MR o ET R i 5 T4 5
Treatment Root dry matter Stem dry matter Leaf dry matter Total dry matter
T1 5.45 a 34.00 b 55.77 b 95.22 b
T2 6.54 a 42.27 ab 73.80 ab 122.61 ab
T3 6.49 a 48.57 a 84.17 a 139.23 a
) \ AR K R ZR WK TR BT K A i R 2 R
ST 2 8
> §Z=

B 52 0, R85 DR 1 5 2 i R ) AR A Bl 2 2 R A AR —
FHYY M ZE AR S SR 2 DA OG AR 8 e ) 2200, BRIV 800 . 51 A B i R AT
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