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Response of Lactuca sativa var. roman growth and nutritional indicators to

elevated ozone concentration and continuous fumigation
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Abstract: Ambient ozone (O,) has become an important ecological factor affecting plant growth and development. In order
to investigate the effects of surface O, pollution on the morphological characteristics and nutritional indexes of vegetables,
Lactuca sativa var. roman was employed for fumigation experiment in open-top chamber ( OTC). Four O, fumigation
concentrations ( NF; unfiltered ambient air; NF40; ambient air +40 nmol/mol; NF80: ambient air + 80 nmol/mol;
NF120: ambient air +120 nmol/mol) were set up in the experiment. Three repeating groups were set for each treatment to

analyze and evaluate the visible injuries, production, leaf anatomical characteristics of the plants, and nutritional indicators
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of edible parts caused by O, pollution. The results showed that: (1) O, fumigation caused irreversible visible injury to
lettuce leaves, which showed light yellow spots and brown spots. With the prolongation of fumigation time, the leaves
showed yellow, large necrotic patches, and accelerated senescence. (2) The high concentration of ambient O, significantly
reduced plant height at the growth stage ( P<0.05). Compared with the NF group, the NF40, NF80, and NF120 groups
decreased the biomass by 5.90%, 14.99%, and 39.21%, respectively. (3) Stomatal density increased and stomatal
aperture decreased with higher O, fumigation concentration. Thickness of leaf and its spongy tissue and palisade tissue were
significantly negatively correlated with AOT40 (P<0.05). (4) The high concentration of O, exposure caused a significant
decrease in the content of Ca, Na, Fe, Zn, and Mg in the vegetables, and an increase in the content of fat and protein,
which altered the nutritional indicators of the Lactuca sativa var. roman. The study showed that Lactuca sativa var. roman
was sensitive to environmental O, pollution. Its growth, development and nutritional indexes changed significantly under O,
stress conditions. Currently, there are fewer studies on the effects of O, pollution on the morphological characteristics of
vegetables, this study systematically explore the changes of morphological indicators such as blade thickness, palisade
tissue, spongy tissue, stomatal density and aperture of vegetables under ozone pollution conditions. The quality of vegetables
is an important aspect related to the “Three Rural Issues” , this study explores the effects of ozone pollution on the yield and
nutritional indicators of vegetables, which can provide scientific reference for the production of vegetables under the O,

pollution conditions.

Key Words: ozone; Lactuca sativa var. roman; visible injury; leaf anatomical structure; nutritional indicators
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Bl A B A KGR R D e PO PSR | S TR | R AR AT, BT AR T2 A, 2021 4 8 A 10
H KA N T AEAE S B AN, B 2—3 R 7 AT I B W58 A 21 B AR RE ;9 H 10 |,
RSB RL B — % B AR Bk 2P R (0TC) 59 H 30 H A, #7410 6
H, PRI, K78 8 h(9:00—17:00) ;11 H 6 H ,HEZL5H , Rt EARKE32d(10 H9 HFI10 425 H
I F T LAAREEZE) o B4~ O, B 28 W IH] 5 i B 20 A S ek, Tl L
1.2 OTC 5%
ASZE R OTC MRS 0, KA FIVREE T R 48 .0, A Sh I R G H M O, BZE RS, —IhikiE 4
Tl O MR BE , 73 e A I B YRR 25 S(NF)  FREE 45 K +40 nmol/mol (NF40) | A E5E%5 <, +80 nmol/mol (NF80) |
B2 +120 nmol/mol (NF120) , AR MEHR & T 3 A 4,12 4~ oTC <=,
1.3 Wi R R A
1.3.1 i HORE Kb v I o
LRI , BERNT4 OTC ARSI TEE BB S — YOS S0 R B (B 0, R R 3 7 30T il
T HASZEEN R o oS Zsgm FLGH R > iE ek e BG4 7 d o seA ik A i
FAG I FARPLIC 55 05 3R AR, W S 00 00 38) S [ Kb B4 26 1) 52 405 2 A R A8 4, (6 S ) 76 FE 2855 10
K .\20 K 30 KA SR pk m oA T i
1.3.2  AEYE s R bRl
£ O, B R 2 i E B < 10 .20 d.,30 d BFREALEIGE & A K 19 3 BRAE MR IEAT AR W i BORE | 115345
MR REAR Y Bk A
M A& KE(LWC) = (iR fif - ) /it o fif 5 x 100% (1)
FE O, 878 32 d S5 3T, SRAE 4 Fh O, TE 26 Mk B AL A () A S0 B 0048 SR A8 ARAG I, JHL rP il 22 1 35 57 48
PaA RN R B (P) 85 (Ca) AN (Na) Bl (K) Bk (Fe) B¥(Zn) BE(Mg) , K IR 530 0y £ i 42 42 [
FHRUE GB 5009.6—2016 .GB 5009.5—2016( %5—1%) .GB 5009.87—2016 ( 45—#) .GB 5009.92—2016 ( 45—
%) .GB 5009.91—2017 (%5 —#:) .GB 5009.91—2017 (55 —%) .GB 5009.90—2016 ( 55 —1%) .GB 5009.14—
2017 (%5 =%5) .GB 5009.241—2017 (5F—) .
1.3.3 WA g
AHIGE R FHFE B BRI 2 R A S FLER AR &, B AR5 BB AT 00EE A, HA e BEALIERE 3
ARSI 3 5K . T Image] A i s ALECR Rl i ALK (o) VRALIERE (b) , ALK
JE AT T A0 M 0 fe AR, AL 96 B N TR B T DA i e e (> B FL B E (SD) , AL RD
HRFLE(M, mm? ) SFLIFBE (SA) LA R ARHE
SA=1/4wab (2)
K, a ALK, b ARILIESE .,
RGBT B 5 70% CBER) FAA TR GBS ( F 2l O O TREL N B2 J5 , s 52
o L OPLYMUS CX 31 Jt2% WA W g M DT I F 4048 i ER , R AE Imagel 344 H i 47 734, 310U
HLUT AR MR (BT) ML SUREE (PT) A AR SUSEE (ST) , AR I 3 ANEEAS, AR A
B9 MLEF THESFE, R AR M A S A S L E(P/S)
IR LY = B A 20 2 RE B 1 4 2H 4R (3)
1.4 Sitsrth
0, B AOT40(/INIF O, 3 FE KT 40 nmol/mol () BF 0, BFE(H) (A ARXWTF .

AOT40 = Y’ (C,, = 40) C,, = 40 nmol/mol (4)

http ; //www.ecologica.cn



14 4] XIF 45 B B EALAESRAE RO T BB SRR RS B T AR 2R A 6279

2, Co, AR BH BRI KT 50 w/m’ it (/NP3 O, e

i H] Excel 2010 F1 SPSS 26.0 #4784 48 1+ #1230 #r, Fl SPSS 26.0 #E47 £ [ &K J7 2% 43 #7 ( One-way
ANOVA) AL EPER S0 . THI 4 SRR O, B EE I H AOT40 (/N O, ¥ 1L 40 nmol/mol [ {H 1) 2
THE) L I R4.3.2 BN H A I 25 K 1 b i 5 i [ 2 E AT 32 1804340 B (PCA) |, 383 Factoextra /%
HLHY fviz_pca_var PREGHETT AT HIILIEIZ ] . R GraphPad Prism 8 #:37. O, Z 8257 5 AOT40 5 45-F8 b5 i) ) i
K ZBAY | LUK PN AR B O, % %7 B 7 A S5 i it 22 878 Bisf 1] 24 (9 A5 1k

2 HR55H
2.1 AR 0,5
NF40 21 745 0,9 & 2k 73.88 nmol/mol , NF80 £H°F- O, ¥k & °& 107.30 nmol/mol, NF120 ZH°F-5 O, ik & 4

139.31 nmol/mol, NF NF40 NF80 NF120 Z 5 2H H1 Y AOT40 ¥ 43 54 1.34 wmol mol™" h™' [ 9.56 wmol
mol ™' h™" 18.58 pmol mol™' h™" 27.27 wmol mol™' h™'(E 1),

- NF = NF40 + NF80 - NF120

E 200 30

g T 25
w3 150 =
RET 'S 20
F o E H
)%%g 100 g 15t
mPE S
oA S 10t

< 50 =

> O

= < 55

(=)

(1)0—.03 10—.10 10—.17 10-.24 10.—31 11:06 (1)0—06 10-12 10-17 10-22 10-28 11—.02 ll—.06
i) Time (H-H)
BEl1 KIEHIE O, LRKERFEFE AOT40
Fig.1 Actual concentration of O; and AOT40 during the experiment
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Fig.2 Visible injury symptoms on Lactuca sativa var. roman leaves under O; stress
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Table 1 Percentage of injured leaf number under Oj; stress

it ] ZEM 7 I Percentage of injured foliar/ %
Time/d NF NF40 NF80 NF120
7 0+0b 0.00+0b 9.54+2.99a 12.44+3.57a
14 0+0c 0.00+0c¢ 46.53x1.76b 50.79+1.61a
28 0+0d 11.59£1.60c¢ 37.41£2.23b 79.79+1.14a

NF. FR5E O, B ;NF40, FREE O, ¥ BE+40 nmol/mol ; NF80: IFHE O, ¢ +80 nmol/mol ; NF120; FFEE O, ¥ +120 nmol/mol ; i £ 48 4 F
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FEISS ] SE R B W0 5 B O, BEZR VR B () 15 <AL 2% B i i (T 4) o O, JBkaes ™ b LT R A= A8 Ak, 7
10 d B A BAFLIT S S AR (R T i, 7E SR 20 d R 30 d BFFLIT R AR R A AR E I T
/N 4)  FEEER 30 d B NF40 NF8O NF120 [ FLIF 4300l Eb NF R % 14.8% .20.6% .32.3% ,NF 5
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Fig.4 Effects of O; stress on stomatal density and stomatal opening
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Table 2 Effect of O; on leaf anatomy
Fumigation days/d NF NF40 NF80 NF120
10 47.81+2.80a 41.34x1.21b 32.65+3.40c 34.12£2.90c
BT/pm 20 37.58+2.29a 35.61+1.10a 35.54+6.06a 37.74+2.75a
30 47.02+0.62a 42.26+7.70ab 33.53+3.14b 33.75+£1.27b
10 23.40+1.84a 18.59+0.24h 13.73+1.58¢ 13.41+£1.31¢
PT/pm 20 15.85+0.76a 16.31+0.99a 15.67£3.71a 15.89+1.52a
30 20.45+0.02a 19.18+3.98a 15.48+1.23a 15.27+0.89a
10 24.42+1.41a 22.76+1.08a 18.91+1.83b 20.71+1.88ab
ST/ m 20 21.72+1.54a 19.30£0.13a 19.87+5.33a 21.86+1.40a
30 26.57+0.60a 23.09+3.75ab 18.05+2.00b 18.48+0.42b
10 0.96+0.07a 0.82+0.04b 0.72+0.02bc 0.65+0.05¢
P/S 20 0.73+0.02b 0.85+0.05a 0.80+0.03ab 0.73+0.05b
30 0.77+0.02a 0.82+0.05a 0.86+0.05a 0.83+0.03a

BT 2 Blade thickness; PT: fiH=2Z{ZURE Palisade tissue thickness ; ST : ME4HZHZUEE Sponge tissue thickness; P/S : M2 20 21/ 16 45 2 21
Palisade tissue/Sponge tissue ; FeA% HH A FIE AR EZE (N=3) ; FATEUE R AR/ F R R 22 57 1.3 (P<0.05)
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B5 &£3RMRATE

Fig.5 Longitudinal section of Lactuca sativa var. roman leaf
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& T HAEPR GRS B X 2R (5 A R/ N T B X F o stk i 22 0 AR R vk i 55 0 ARk
ST — A BARFIE(E D 3,125, DTRR 3 55.4% , Horh 4 X 2 A (HHELE BT =79 /2 PT BT \ST(3K 3) , A
IR LU S A TSRO AER, A 1 EER T O, AR A 20 P 383 1 5 i
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Table 3 Principal components matrix

14T F 43 Principal component SR F 47 Principal component
Index ES % v Index EWI 1 EIY 2
PT 0.986 0.019 SA -0.266 0.711
ST 0.823 0.524 SD -0.606 0.221
BT 0.950 0.281 FEAEAY Feature value 3.125 2.289
P/ 0.579 -0.681 FEHkF Contribution/% 55.421 22.872

SA S FLFFE Stomatal aperture;SD ;<X FL% & Stomatal density
PCA ZpHr A A LEE R PT H BT 7 x BIEIBCRZ B, AL y Bl BRI ULV PIRRE R X 3 — 4> i
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Fig.6 Relationship between blade thickness, palisade tissue thickness, spongy tissue thickness and AOT40
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Fig.7 Principal component analysis of the effect of O; on leaf structure indexes
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Fig.8 Changes in biomass of each organ with O; concentration and fumigation time
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Table 4 Effects of O; fumigation on the nutritional indicators of Lactuca sativa var. roman

1] EHR 5 kil oy S B B
Fat (mg/g) Protein/(mg/g) Ca/(mg/kg) Na/( mg/kg) K/ (mg/g) Fe/(mg/kg) Zn/(mg/kg) Mg/ (mg/kg)

NF 1.3+0.47b 8.47+0.78a  711.33£92.92ab  17.80+2.26a 1.99+0.43a 42.33+7.88a 5.16+0.37a 308.00+33.26a
NF40 1.3+0.47b 10.13+0.87a  594.33+8.18ab  17.80+1.93a 1.88+0.48a 29.87+3.83a 4.69+1.05ab  264.67+33.26ab
NF80 3.0+0.82a 9.73+1.20a  802.67+220.40a 13.60+2.08a 3.05+0.92a 37.90+7.59a 5.40+0.87a  281.67+54.74ab
NF120 4.0+0.82a 9.53+1.77a  446.33+38.66b 8.76+1.89b 2.06+0.35a 29.10+2.66a 3.31+0.32b  202.67+18.91b

RGBT AR E2E (N =3) ; RSB S A RN 5B 7R 22 57 35 (P<0.05)
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