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Effects of different nutrient solution temperatures on quality
and tipburn of lettuce in plant factory

XIE Peining"?, WU Zhanhui', WANG Baoju', LIU Ning', LIANG Hao', WANG Liping?,

TONG Jing"”
(1. Beijing Vegetable Research Center/Key Laboratory of Urban Agriculture (North) of Ministry of Agriculture and Rural
Affairs, Beijing Academy of Agriculture and Forestry Sciences,Beijing 100097, China;
2. College of Landscape and Ecological Engineering, Hebei University of Engineering, Handan 056038, China)

Abstract To promote the growth of lettuce in artificial light plant factories and reduce the incidence of
tipburn of lettuce, this experiment took ‘ltalian’ and ‘Luya’ lettuce as test materials, adopted nutrient
solution cultivation method, and set three different nutrient solution temperatures including T1 (16 T), T2
(21 C) and T3 (26 T ) to analyze the effects of different nutrient solution temperatures on lettuce quality
and tipburn. The results showed that: With the increase of liquid temperature, the quality of lettuce was
significantly improved at lower temperature, and reached the maximum at 26 ‘C. Compared with 16 T, the
soluble sugar content of ‘Italy’ and ‘Luya’ increased by 66.79% and 66.98%, respectively. Root activity
increased by 105.83% and 107.15%; Total phenols increased by 21.86% and 18.75%; Flavonoids
increased by 33.17% and 35.35%; Chlorophyll and net photosynthetic rate were the highest among all
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treatments. The increase of liquid temperature reduces the incidence and severity of tipburn. In summary,

when the nutrient solution temperature is 26 C , the quality of lettuce is improved the most. This study is of

great significance for the high-quality production of facility vegetables.

Keywords lettuce; plant factory; root zone temperature; tipburn; nutritional quality
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Table 1 Effects of different nutrient solution temperatures on lettuce morphology

Ak 7 Bk i /em i /em i 5E /em 5 i /cm NV
Treatment Plant height Leaf length Leaf width Crown width Blade number
T1CED 7.60=£0. 20c 7.70£0. 35¢ 8.37=£0.58¢ 12.834:0. 32b 12.0040. 33¢
T2CE) 11.674:0.43b 11.874:0. 33b 11.974:0.62b 16.7040. 44a 16.674-0. 33b
T3(ED 14.4340. 26a 14.5740. 30a 14.7340. 39%a 17.834:0. 68a 18.6740. 33a
T1(% 8.77£0. 15¢ 10. 6040. 85¢ 12.7340. 43¢ 15.474:0.75b 12.6740. 33¢
T2(%) 13.33420.09b 14.904-0. 21b 16.134-0. 35b 26.40£0. 44a 17.334:0.33b
T3(%) 16.8040. 21a 17.6740. 44a 18.3740. 35a 27.63=£0. 66a 18.67+0. 33a

TETICED VT20ED (T3 R R  BRA A3, 8 FRWOELE 7300 20 16.21.26 °C5 T1(E%) [ T205%) T35 KR g ife” A3, 6 I WOl B2 43
9 16.21.26 “Co [al S RAE G AN ] /NG B 27 b L [R] 22 S B 3 (P<<0. 05) K F-. T Il
Note: T1 (Italy) , T2 (Italy) and T3 (Italy) represent ‘Italian’ lettuce, and the nutrient solution temperatures are 16, 21 and 26 °C,

respectively. T1 (green), T2 (green) and T3 (green) represent ‘Luya’ lettuce, and the nutrient solution temperatures are 16, 21 and

26 °C, respectively. Values followed by different lowercase letters within a column are significantly different at P<<0. 05. The same

below.
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Table 2 Effects of different nutrient solution temperatures on lettuce growth g
fib R ff A i L WA+ H
Treatment Leaf fresh weight Root fresh weight Leaf dry weight Root dry weight
T1CED 61.37+£2.79b 17.3840. 12b 3.0840.07¢ 0.70+0.03c
T2(E) 94.91+1.85a 19.5040. 19ab 3.744+0. 16b 0.87+0.03b
T3(E)D 102.3642.91a 23.3741.58a 4.42+0.19a 1.00£0. 04a
T1(&) 66.99+1.11c 13.87+0. 53¢ 3.21+0. 12¢ 0.70+0.02¢c
T2(%) 121.3042.72b 16.37+0. 30b 4.6540.19b 0.84+0.02b
T35 141.104£3. 36a 19.66+0. 29a 5.36£0. 13a 0.944+0.02a
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Table 3 Effects of different nutrient solution temperatures on lettuce quality

Ak # % C /(mg/100 @) AL B/ Y AR/ (mg/g) & A/ (mg/kg)
Treatment Vitamin C Soluble sugar Soluble protein Nitrate nitrogen
T1(ED 20.24=0. 3% 1.26+0.01b 5.3140.02b 4 018.82+42. 33a
T2 20.65=0.67a 1.28+0.01a 5.464-0.01a 3 828.55+38. 27b
T3(E) 20.63=0.02a 1.30+0.01a 5.5040.02a 3 738.93+33.43b
T1(%) 20.2540. 39a 1.26=+0.01b 5.454-0.02b 4 086. 86=+30. 26a
T2(%) 20.2340. 38a 1.284+0.01a 5.5540.02a 3 790. 3148. 06b
T3(&) 21.4140. 40a 1.2940.01a 5.604-0.02a 3704.40+37.43b
23 AEEARARBRENERRE. DB . LEHW. I CE 1D o e B RA T3 A BUR R 35 ) 4%
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T1 (Italy), T2 (Ttaly) and T3 (Italy) represent ‘Italian” lettuce, and the nutrient solution temperatures are 16, 21 and 26 °C, respectively. T1
(green), T2 (green) and T3 (green) represent ‘Luya’ lettuce, and the nutrient solution temperatures are 16, 21 and 26 °C, respectively. Values

followed by different lowercase letters within a column are significantly different at P<<0. 05. The same below.
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Fig. 1 Effects of different nutrient solution temperatures on root activity of lettuce
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Fig. 2 Effects of different nutrient solution temperatures on the total phenol content of lettuce
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Table 4

3.0

A B /(mg/100 g)
Flavonoid content
&

20 ==

T1 () T2 () T3 (B

AbHE Treatment

T2 (&) T3 (89

B3 ARAEFRBEBEENERLEMSSNZIN

Effects of different nutrient solution temperatures on flavonoid content in lettuce

x4 FREFREBEMNERELERISENEN

Effects of different nutrient solution temperatures on photosynthetic pigment of lettuce

mg/g

Ak 2R % a M2 R b =S 2R R B
Treatment Chlorophyll a Chlorophyll b Carotenoids Total chlorophyll
T1CED 0.4340.01b 0.16+0.01c 0.08=4=0. 00b 0.5940.01b
T2 0.464-0. 02ab 0.17+0.03b 0.094-0.0lab 0.6374=0. 02ab
T3(ED 0.494+0.01a 0.18+0. 04a 0.10=£0. 00a 0.6840.01a
T1(& 0.7240. 00c 0.2840.00c 0.14=+0.00c 1.00£0.01c
T2(%) 0.794-0.01b 0.3120.00b 0.164=0. 00b 1.10£0.01b
T3(&k) 0.894-0.01a 0.34+0.01a 0.184-0.01a 1.23+0.01a

HE#5F T1.T24 8 (P<<0.05); ig /& CO, ¥k
i FI 7% P8 3 R Bl A G SR O B Y 38 0 AR Ak s 34
AL, ¥ 7E T3 Ab B3k 31 fe K5 <L 5 Bl 5 8 57
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Table 5 Effects of different nutrient solution temperatures on photosynthetic parameters of lettuce

WIRERHEN, 7E TSR XHEEFEST
T1.T2 4 ¥ (P<<0.05), T1.T2 &b ¥ 7] JG i
57,

e

#

JL 18] CO, e i /

ot &/ LS E/ W o A/
b B 3 .) (pmol/mol) )
(pmol/(m*+s) ) (mmol/(m*+s) ) . (mmol/(m*+s) )
Treatment . Intercellular CO, L
Net photosynthetic rate  Stomatal conductance . Transpiration rate
concentration
TI(E) 14.58+0. 61c 0.1440.01b 248.64+12.57b 1.4440.03c
T2(E) 17.19+0. 20b 0.1640.01b 263.81+9. 25ab 1.65=0. 04b
T3 19.37=+0.62a 0.19+0.01a 298.56+38. 78a 1.82+0.05a
T1(&) 17.16+0. 57¢c 0.1740.01b 260.68+8.77c 1.50+0. 03b
T2(%) 18.90+0. 46b 0.1940.01b 285.54+5.00b 1.70+0. 08ab

T34

21.44+0.63a

0.22+0.01a

312.98+5. 74a

1.88+0. 06a
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Table 6 Effects of different nutrient solution temperatures on chlorophyll fluorescence parameters of lettuce

RIOICERE SRR N A2 9 K
ik 3 RK 4 B ES B 1 %xﬁl%‘ oAb 2 K Eotd I
Maximum Actual photochemical . . Non-photochemical
Treatment . - - Photochemical quenching )
photochemical efficiency efficiency quenching
TI1CED 0.7540.01b 0.63+0.01c 0.3340.01b 0.3140.003¢
T2(ED 0.8140.01a 0.66=+0.00b 0.3940.01a 0.3540.01b
T3(ED 0.8240.00a 0.68=40. 00a 0.4140. 00a 0.41£0.01a
T1(&) 0.74+0.01b 0.63%+0.01c 0.33+0.01c 0.32+0.01c
T2(4%) 0.81+0.01a 0.65+0.01b 0.38+0.01b 0.36+0.01b
T34 0.83=40.00a 0.67=£0.00a 0.4240.01a 0.424+0.01a
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Table 7 Effects of different nutrient solution temperatures on dry heartburn of lettuce

T 0 bR B A B L/ 00

R T RO R TR T

Aib 3 TR bk K/ B . B/ R 8/ A
) No. of tipburn plants ) )
Treatment No. of tipburn plants . Maximum of tipburn Average number of
accounted for all proportion :

leaves per plant tipburn leaves
TL(ED 23 63.9 8 7.3340.33
T2(&) 21 58.3 6 5.3340. 66
T3(E 11 30.6 4 3.3340. 66
T1(& 16 444 6 5.3340.33
T2(%) 14 38.8 5 4.33+0.33
T3(%) 7 19.4 4 3.0040. 57
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Fig. 4 Effects of different nutrient solution temperatures on the number of dry-boiled lettuce plants
*8 AREFRBENERMANESTEMNLE
Table 8 Comprehensive evaluation results of different nutrient solution temperatures on lettuce quality
‘ T b b e s %
AEYERE . HAA sy - . P %
b 2 i A R C H Eé A i 2 AL Resistance =R Uﬁﬁ 44
Soluble . Nitrate Total . : Membership .
Treatment Vitamin C  Soluble ) Flavonoids tipburn ) Ranking
sugar . nitrogen  phenol . function value
protein probability
T1CED 0. 000 0. 000 0. 000 —0.400  0.000 0. 000 0. 000 —0.400 3
T2 0. 150 0. 150 0.158 —0.128 0.076 0.110 0.064 0.579 2
T3 0. 300 0.143 0.200 0.000  0.200 0.200 0. 350 1. 393 1
T1(£) 0. 000 0.003 0. 000 —0.400  0.000 0. 000 0. 000 —0.397 3
T2(4) 0. 200 0. 000 0.133 —0.090 0.076 0.105 0.070 0.495
T3(&) 0. 300 0. 150 0.200 0.000  0.200 0.200 0. 350 1. 400 1
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