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The effects and mechanism of climate change on vegetables quality: a review’
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culture Green Development in Yangtze River Basin, Southwest University, Chongqing 400716, China)

Abstract: Vegetables are an important source of essential vitamins and mineral elements and provide phytochemicals that play an im-
portant role in human health. Increases in global carbon dioxide (CO,) concentrations and temperature have changed the growth con-
ditions of vegetables. However, the mechanism by which climate change affects vegetable quality is not fully understood. In this pa-
per, the effects of climate change factors, such as CO,, temperature, and their interactions, as well as their interaction with water and
nitrogen (non-climatic factors) on vegetable quality, are briefly reviewed. At present, researches in this field mainly use artificial si-
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mulation experiments and crop growth simulation models. Under elevated CO, concentrations, the contents of proteins, nitrate, mag-
nesium, iron, and zinc in vegetables decrease, and the antioxidant capacity increases for leafy vegetables and decreases for fruit vege-
tables. The contents of carbohydrates, vitamins, and phytochemicals (e.g., total glucosinolates, lycopene, and beta-carotene) increase
with elevated CO,. The physiological process may explain why elevated CO, levels affect vegetable quality. 1) Elevated CO, concen-
trations promote photosynthesis and thus provide more carbon, increasing the soluble sugar content. 2) Elevated CO, enhances the
activity of nitrate reductase (NR) and related gene expression, and the increase in carbohydrate content can further promote the tran-
scription and post-translational regulation of NR, which increases nitrate assimilation and reduces nitrate content. 3) Elevated CO,
also induces the expression of genes involved in ascorbic acid biosynthesis and regeneration, leading to the accumulation of ascorbic
acid. 4) The dilution effect, change in nitrogen distribution, decrease in stomatal conductance, respiration, and Rubisco synthesis, and
increase in nutrient utilization and root exudates may lead to decreased mineral elements in vegetables under elevated CO,. Global
warming generally decreases vegetable quality. Heat stress restricts photosynthesis by affecting electron transport in photosystem I
during photosynthesis and the activity of Rubisco in the Calvin cycle dark reaction, affecting vegetable quality. The interaction
between elevated CO, concentration and increased temperature results in an overall decline in vegetable quality. Reducing irrigation
and using a moderate nitrogen supply could improve vegetable quality under elevated CO, concentrations. Future vegetable produc-
tion requires the application of an interdisciplinary and integrated approach that combines physiology and genomics to study the re-

sponses of vegetables to climate change.

Keywords: Climate change; Elevated CO, concentration; Increased temperature; Vegetables; Nutritional quality
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Table 1 Effect of elevated CO, concentration on vegetable quality

e I CO,IRME X i T AR S ) E= B U
Vegetable Growth condition  CO, concentration (mmol-L™") Effect on quality Reference
BN, 8 b, % D Carrot, radish, turnip GH 1000 AP R [33]
21074 3% Red leaf lettuce EC 1000 Increasing soluble sugar content [31]
Z i Tomato GH 800~900 [42]
H4 5 Potato OTC 550 [30]
(L0 NNIEAR 3 NN E T N 5/ AT S R AT
Carrot, radish, turnip, tomato GH 800~1000 Reducing titratable acid content [33.42]
E R NS AN UETN FACE, OTC 500~700 T bR [36]
Lettuce, cabbage, radish, broccoli, cucumber GH 1000 Decreasing protein content [33]
BN, BN AN, DRE
Carrot, radish, turnip, potato ot 330 301
A3 R £ BRI R
L iR EC 700 AL [35]
Lettuce, spinach Decreasing Mg, Fe and Zn contents
RS AN U NA e N 2 BréfLRe g m
SRR ) EC 700~1000 S PR . [31,35]
Leaf vegetables (red/green leaf lettuce, spinach) Increasing antioxidant capacity
AFEL . REAZE. il YR RC SR
Lettuce, celery, Chinese cabbage, tomato GH 800~1000 Increasing vitamin C content [32.42]
ZEEZEEAS b A b, BN GH 1000 YRR C EREAR 13
Root vegetables (carrot, radish, turnip) Decreasing vitamin C content [33]
L NS NNEE THARER S i TR
. GH 800~1000 o TR [32]
Lettuce, celery, Chinese cabbage Reducing nitrate content
il FLLER . B-HE DR EEHTN
i GH 800~900 AL P AR [42]
Tomato Increasing lycopene, B-carotene contents
=i ~ BEREE ST
# BC, GH 685~820, ‘Mtﬁ@ﬂﬁﬁ =oj N [43.44]
Broccoli 620 Increasing total glucosinolates content

GH: 1% ; EC: 5M0AS; OTC: FFIZERZE; FACE: A HCO,&E 4 % . GH: greenhouse; EC: controlled-environment; OTC: open-top chamber; FACE:

free-air CO, enrichment.
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TR R A B4 1] £, DA T e R i i 6 o 1™ e St R
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Fig. 1 Conceptual framework of mechanism of climate change (elevated CO, and higher temperature) effects on vegetable quality

A7 A X S B 4 e R A T B (4); B (); BRATIRNTE 28 (7); BRI HED . AsA: BUIRIMAR; PST: SR 48 1T NR: il fRiL 5
fit}; HYS/HYH: B PE = & R (bZIP) [ 28 5 M H R W% . (+) and (-) mean the positive and negative influences and interactions; (?) means unclear. Dotted
line indicates a speculation. AsA: ascorbic acid; PS Il : photosystem Il ; NR: nitrate reductase; HY5/HYH: basic leucine (bZIP) trans 5 and its homolog.
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P52 Z A= Al B iy g 45 i o H BTIE AN TE R, B BT R
B B s D R AR (B 1), ATRRRAIIR .
2 EEXR MR
2.1 REAESIHR SRS

SERAR BB A5 -2 SR T I 4G 0 AR vt v e
R TESNIE A S b R 3 L oy e i)
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MEE R 18~25 C. G /EW), K 240838, HE KOk
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K Fal 3R Ry 34 CF L — R, T IR X A
Wy A K B S i BT T AR 0 BT Ak 1 A B e IR T i
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frared reflector) Al £I. #b £& %& 4% #% (infrared radiator)
SO HE— T AE 127 FEE S0 Mate 4347, 4Bk
7R I S SN T A R AR AR A 0 AR B P Y
12.3%)" . BRI, 68 1 T i A 2 AN I A 3
HYG L A XHAB YA 2, 190 an e AR DI 1R], e et i ae
30 35k 5 ) AR ) A K BIR i K R BT SR AR, O 52
Wi 5% 28 FE AR T G BRI ) Ml L s i, el A Hb R
PR AR PR O 221, T e 2 TR Ry il A B

ok B AT RS AR B 0 A, DT S e 2R
B A R R R T AT ek A Y R S RO
Bh S i B AR SR, RO [ . H
(Brassica oleracea) . HltJ\ (Cucumis melo). FfEXK ],
FMLLR (i) MEAE MR @ b Fali . A58
Sk, ARG TR B RNEE S a0 h A =2
PR LR )] (BT 2R . R . s AP,
oA R YE A R E MR Y RS REY. McK-
eown 25 UE ST A A TR B 1) T R ARG K SR R
SAE T AR 2 S i BN IEOTT B s BRI AR i D
PO IR 19 5 1, FRARMEBE TR i (Lycopersicon escu-
lentum var. cerasiforme). #ifJNF1PY JN (Citrullus lan-
atus) FOBERL BN F A Foanar R S, miRiE
BBk H W i SRR AT . AR R
TR, RS & R R teAh, ek
2 R BHAAT A3 52 W () 55 155 RN 6 S I A IR (1) B
P 5 KT TR A T S A AT R A A R A
JELE (NR) 1 1, FREARA R SR [ A, il n, AR DX I
BN S BOK AL SE SRR ER AL B B R B i+
SR PR T8 N XA ERER Al

A IR S S 9 e TR SR, AR T AR A
BRI % o Bisbis 45" Z8 R S5 A8 Ak 6 2 BRI
b DX S ) S, i L BRI D R AT SR R 1 AR
A IR E B K H HERE, 48 DG R A E], S
O N BRI R 1 R /R 7 R R )
PRSI €SP M) il N e s 3t K d g & 5
K. At SRR AR IR o R 3 5 e A
PRAEFF AL T8 5 32 40, A6 B il S oy fig 2 3
S SE AR MR SEVEY, WA S b A
fb - F AR SR, BT &2 B E M FEE ", e
3¢ (Brassica oleracea var. botrytis) ", % 155 B9 il & 7]
e FEEMARRY, MESRIIRMTHE, L RR
HUFET SRR A, K 25 e B RO e
Zr LR, R E A m RA ARG A E T
AR A 2, v T B S A FRKOF B 0
N, BEACEEZS . PUIRMER . BeR AR . Fh
SIS i, WINPT AL RE ) FIAS R R B i, BRAIK A
AR I F AR, SRR L, e B A,
FEI A D A BN
22 REFASI IR @R R L

TREE A CGAEH . FERAEHT . KA R A& |
FERRSE PR DL A I K« A T . R BORTIR S
R = W 1R, TR 3 5 R R
JO7 B T A% 3 v FR 48 TV A JR SCHR RIS 1 Ru-
bisco BT 1 R BRAEA VR, DA 52 Wi 35 it i
T 1 B AR A 5 3 AR LA R T i P A
R 525 11 (Hsf-Hsp) i 72 . 45 8 745 4 2 11 (Ca”-
CaM) i 2 . EMEEBRMMERERT. BEA S
fHAF %o AU 3R B SR B, DA A AN B ) B R
T E A", Zhang 25" BE5E B T (Solanum
melongena) TE fm i il FHUE LG RS . M. H
W) R N SR 7 DEGs |19 28 57 R ik B2, 18 o
qRT-PCR i 15 £ Jpip 38 AH G 5 X 47 F — 20 59 F, R
IFi] 9k B85 Ach 3L 1 R 4 ML TT R AS [m], B S B
R B s PR - R AR . A ) 3 o B A
HEREE . PrEALPIE . BERH . 559K
A SR 9 s 28 B MR G P8 A i 22 PR TR AR R
b 07 AT 38 A 9 AT T T A ek D AR AR A A, 1
TR et SRR a0 A T A7

3 SEZUEFEERAESIESER TR
EALY AL

3.1 CO,  MEE BE{EM IR MR
KA CO, W & AR JE T & 2 BR A AR L 1) B
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% 29%

A EFEIG, Bk A OGE i JE Y E 2 COo, 1Y
OB 15 MR A R OG A RE T, I 52 R R A X A R AR
Bl oA E AR, Long™ FIH C, %A 1R
B () 0 58 2, Bl CO, & B M\ 350 mmol-L ™" 384 Jin
#] 650 mmol L™, YA 1E ISR I T 5 °C; eCO,
o B 305 32 T g T S 0 ) A A R R R
HAVEHIXT CO, HUBMEAEARIR AN CO, ¥R BE I e AR
BETRESEOCRSG T @S i FAK, eCO, A BY
F PST G PERIK A . FEEREE CO, 2514 F, #ia (i
RFAE 1 R RGP v [H] R K TH AE, 11 eCO, JLT-5%
SHBR TR, A LR FIBR 3 Fh R SN T A K5
TR B AL, Seth A F il B B L5 R F W,
1E SR 3R 55 (AMB). eCO, (700+15 mmol-L™"), CO,
e BE AN BE A N T (eCO,+eT: 700+£15 mmol-L
CO,, +5 C) T, I¥ Mk & L5351 0 37.80% . 42.65%
1 38.87%, A & 4310 2.90% . 3.95% Fl 3.10%.
A ME (HGE a, HEGEE b MR ER) FFE
AR (P,) IR S 4 # R eCO, > eCO,+eT > AMB,
ST A WX CO, e BE RN IR BE T iR 0 3 N OR
Kumari 25" 1) OTC #F 5% % W, 3 ML (Capsicum an-
nuum) FEIHE F AR AT . eCO, (550410 mmol-L™)
Fl eCO,+eT (550410 mmol-L™ CO,. +1 °C) F %K
0.30%. 0.27% F1 0.25%, #f & 5350 5.08% . 4.83%
1 4.48%, £ &% & 4 5 H 0.49%. 0.42% Fl 0.35%.
CO, ¥ B AR FE 22 BAE T, = IR 4KIH T eCO, XF
YE i 5 B B A, S 3508 58 R R T R .
25 B 5 Abdelgawad %™ (1) SR E Y E BKAR (Lotus
corniculatus) B & B 45 R —2, eCO, 5 ERFM I,
AR G S RRARER 0T . BEAIEERY & i,

Wang 2™ 1) Meta 50 #r £ W, ZEMR BT IR E (AT).
REETHE (BT: AT+1.4~6 C) Al i (HS: AT+>8
C) T, eCO, fifi C, MY I & & & BIFEAIE 5.2% .
5.7% 1 16.5%, H. eCO, {fi A [F] it B~ H H) UAL5 E
1 Rubisco il {if 1435 T % . L4, eCO, fli I & Bh il
YR R T AR R AR /N SR, B
15 il 1 eCO, 1932 AR FHH 43 MK T R R A0 . 5
TR REA Wha 5 2 55 (Asparagus officinalis) &5
R =L, S EEERZEEY, eCO, (700 mmol-L )
FIE I (37 °C) F& A 1 25 i MR X6 480 A% 1R MAe A [] 46
B R 3 AR AR (Maninot esculenta) YRZEFN T 4
L F5 1, 1Mi eCO, 2B fif T B 25 vh AL 1 I
H T eCO, F BT B2 AR, ZE Bl 19984 23 fin
JE) — S S 1 IR A Y R IR A T X
eCO, F i [ % i 5, 23 BN BRI . — R G A

FH 55 56RF WA FH 09 LU A AR, R BB s, OB
V5 I F A FH 0 LB AR . R, 7R T fad
TR I A IR 5 eCO, B AR B N B RIVE H, eCO,
V505 53 0% g YR POl 2 T R %) 67 T RE M
32 CO,5kNRAZMNEEMN TSR

WRICE G % CO, M . Ko AEMLN &
HARTAE RS 2R 0 . eCO, SR FIZE TP H 5
JCE W AEAR KRR B TR . FUIE A i
K REILZS 0 A B8 S A0 i IS 566 Wi ] LA 241 7
AR AT B S T S ™ R R AT,
BRI AL T B R TR AR 2R 1 1, 42 35 K 43 )
FH#R, eCO, XHHE ) A 4 A= i i S i 25 K7, 7
2 R R AR R K AR A R, eCO, £33 i 3 21 HY CO, i
OSSN 5 45 i T (Capsicum annuum) HA= ),
/D E KN eCO, I3 0T 2 5k 5 52 9 8 mT 5 Pk [
B, iR C MFEMA RS &, K TR S
. Serret Z" BFSE CO, ¥ FE FIK I3 4 A %) 5 #
Fase 7 R ARAE . A IRAL RS2, 25 520 85N Y
KT Re AU B T i R AL S B R AR AN 7
T, 38 BT 55 56 AR FH I A G I AR AR 1k,
KA WirE Il eCO, I 5| ke 2 3 R T 25 Al (19 A8 1k o
RUE eCO, $2 15 T HLY M 7K 50 I F %, (HZE AR R 2k A
KSR HRCR B R, B, eCO, fi it U A 2
(e %t R R, Shha R, #n co, W
B ERRAR TR R SRR R vk BN BRI K 2%
F R A K B T i mT e K R AR, D ISR Y e
i R (N @/ R Y/ STERAR 2 Nl K N
K, IF AT B — S SR SR A B G AR R T S 7
EU REIXT CO, M BE A5 38 1 I R S Bk
FAE A ORI 53 IS 22 18] A S0

C; FE 7= 1% CO, TH i Aty M [ 78 2 o AL 1
THRARESM T 8%, 18 Co, FFE &1 T, st
T A Ak R 2R TR) A T R 5 M 2R S B A R
R, CO, FE & A R AT DA R B ISR 5L
JRU B AR T eCO, Xt LA ER
SR R R A O R Y e v ) R A A
eCO, (700 mmol-L™") &k 3 384 Jiin 325 7ifi S 5 v e i 41 R
S, AR . BES R BB SUA L RE
U AR it R Y AR, B CO, e RN R
ik NO; /NH," FE i 4 75 % 76 Hp i B A 3 28 B 1 o i
BN, NO; / NH," (1 = 1) HER AN ABZE Mgt NH, 0 2,
1117 LT DA AR A Y A At it
NH, SR EE CO, X4 2 & AR DG B 5200
FE NH, AR EER, A S i i | 4 L 86 L B RAE Y
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g B R AR PR B BT A R e S HIL 2041

B A AR NH, N T BB 9 3 A
MR eCO, BRI . EARE, NH, 2R K R i
BRI RE  EE PR fER AT, ZUES
XHRLER IR 23 5 B AU 58 T eCO,, I Al BE#E L eCO,
F1%9 52 0 Tt P i R 8 K 1 = 118 W 5 e 0 v P L JEE
1 eCO, ZAF FHEIN, K3 eCO, K A i 3 i 25 3¢
F8 A R RS R ol SR BB DR T3l B N AR L
4 RE

AU A AE R A L 454 AR 52 W) 5 S i
X BIF 9 A IO HE A Ml B P i A A 7 it B 28 S T
B RO S A B, TR A 7 AR TR AT A A
A 2R GE Y BN CO, e B, 38 B 3 H A AR KR
JE£') 01 TH [ A5 B it (D10 BE, DR IE 000 B H A 57
S 78 A HLA BIC ), % b Ff o 7 SR (5 7 9RO
R AR, A o IGR ROReE B IR o
o I e R o TR RER b, AT AT 0 AN B AL
SN ESER BRI . 1) SRS CO, W Tt
vy AL FEE T A5 A Y A A BR AR A 258 5 DR 10 2R il
JRIE AT o AR BEAE Y, KA E 4R e T
AES) B Y, 2200 1 A AT BB S MR SR A R SR
SSRRARREF . 2) TP CO, W T 2
KAV E IR RMAA A F YRR Z G R ZH
it S B RV TS . ERIR IR LA A A R
Jit JE 8 1] USRI CO, e T i XA A 4 57 23 W i 1)
SRR, (EL AT SR i = A 000 52 A 255 9 45
i 3) A THE TURAL AT 57 T BT A9 M4 4 B
SR, AR IR LR A T A YRR L, AR Dok
S SR AL AL TR B T A R Y VR A i b O 5
4) BRIE 4% 1R 0 30 PR 3R AN AL o B i 5 S WA R I
F4 iy JB, T L 5 20 2 v AN 6 SR Y B S
Jo L B AR A, BRI A B A A R
JETN AR, PR, SRS AT R i A BRI SN % 52
P Z MR 5) RIS AR LEG T7 5 KB T bR
SN PRI A8 Al 14 S L, R o 3 3 T 2 2 A A P
PREAYERR R RITE SN 5
S A S SR A EOR RS SR RAR S
SR IT B AR TARAL AL AN
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