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Abstract: [ Purpose] To explore the alleviating effect and potential mechanism of foliar spraying
serine on heat stress of Panax notoginseng. [ Methods] Indoor potted P. notoginseng plants were
subjected to a 36 “C high-temperature treatment for 15 days using a light incubator. During the treat-

ment period, serine solutions with concentrations of 1, 3 and 5 mmol/L were sprayed every two days,
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and the rate of diseased leaves of P. notoginseng was investigated at the end of treatment. In the field,
P. notoginseng was exposed to natural high-temperature conditions, and serine solution with the same
concentrations as used indoors were sprayed every three days. The duration of the heat stress treat-
ment was extended to 30 days, the rate of diseased leaves of P. notoginseng and the effects of high
temperature on the biomass and saponin content of P. notoginseng were examined. Antioxidant en-
zyme activity and metabolite changes in indoor potted P. notoginseng plants were measured to elucid-
ate the preliminary mechanism by which serine alleviates heat stress in P. notoginseng.

[ Results | Spraying serine at concentrations of 3 and 5 mmol/L significantly reduced the rate of dis-
eased leaves in potted P. notoginseng (P<0.05). Spraying 1, 3, and 5 mmol/L serine significantly re-
duced the rate of diseased leaves in field-grown P. notoginseng plants (P<0.05), and increased the dry
weight of per plant as well as the content of ginsenosides Rg;, Re, Rb;, and Rd. Spraying 1 and 3
mmol/L serine significantly increased the activity of superoxide dismutase (SOD) in potted P. noto-
ginseng leaves (P<0.05), while spraying 3 mmol/L serine significantly increased peroxidase (POD)
activity (P<0.05). KEGG enrichment analysis showed that non-enzymatic antioxidant metabolites
such as sugar alcohols and amino acids accumulated in large amounts in the leaves after serine treat-
ment. The accumulation of heat stress-related carbohydrates such as sucrose and trehalose also in-
creased. In addition, important metabolites in the tricarboxylic acid cycle such as citric acid, aconitic
acid, and succinic acid showed increased accumulation, which contributed to improve energy supply
in P. notoginseng. [ Conclusion] Exogenous foliar application of serine reduces the incidence of
diseased leaves, increases biomass, and enhances saponin accumulation in P. notoginseng under heat
stress. These effects are likely associated with improved antioxidant capacity and enhanced carbo-
hydrate metabolism in P. notoginseng.
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Effects of exogenous serine foliar spraying on the potted and field-grown Panax notoginseng under heat stress
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Fig. 2 Effects of exogenous serine spraying on the metabolic profile of P. notoginseng
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5325 RN E IR (ko00360) F K 22 12 £ 4
(k000350), A2 5oRNERR . g2 (A 2R
HAEYI A I (ko00400), 12 R id S5 55 A
Py i) A W) 5 I (ko00950); KA RMRES HNEA
2. RERDRMAZMR (ko00250), Kz 2
AW (ko00220) DL K H &R . 2R A&
BRI (ko00260); L-ZHE RS 5K &R

*2 EFNHYMKHRETRER

Tab. 2 Differential metabolites pathways annotation results

R metabolites

KEGGI## KEGG pathway

- FLBERE galactinol

JLE inositol

Hi glycerol

IR trehalose
a-D-}-FL ¥ a-D-galactose
TEHE sucrose

N-Z Bt 3:-D-H i N-acetyl-D-glucosamine ~ 7.92 7.32 8.13

log,FC
CK-vs-L1 CK-vs-L3 CK-vs-L5
-1.07 —1.44 -0.90 ko00052
11.54 11.07 11.55 ko00052; ko00562; ko04070
1.92 1.53 2.30 ko00052; ko00561
3.62 2.69 3.11 k000500
5.47 5.67 7.29 ko00052

14.07 13.82 13.99 ko00052; ko00500

ko00520

K2 phenylalanine
fi% 2R tyrosine

T4 alanine

K 4Bk % asparagine
RAZ T aspartic acid
J &R threonine
4-% H T B 4-aminobutyric acid
L-% % L-ornithine
Jili & 1R proline

B glutamic acid
BATEN glutamine
5-%AJHE R 5-oxoproline

7.30 6.69 7.09 ko00400; ko00360
7.00 6.33 6.71
1.54 1.50 1.76 ko00250
7.93 7.61 7.79 k000250
5.35 5.27 5.57
7.12 6.55 7.08 ko00260
9.62 9.91 9.95
6.58 5.85 6.39 ko00330; k000220
8.55 7.29 7.93 ko00330
9.85 10.18 6.42
7.77 7.54

10.02 10.42 9.81 ko00480

ko00400; ko00350; ko00950

ko00250; k000220; ko00260

ko00650; ko00330; ko00250

ko00650; ko000630: ko00330;
7.79 ko00630; ko00250; ko00220

ko00250; ko000220; ko00480

BR oxalate

BERFAMR succinic acid
¥R citric acid

15 3L aconitic acid
TR linoleic acid

—-0.70 —-1.09 —-0.39 ko00630
4.06 3.63 5.00
11.04 10.75 10.89 ko00020; ko00630
2.03 1.60 2.29 ko00020; ko00630

7.16 6.78 6.54 ko00591

k000650; ko00630; ko00020; ko00250

s logFC> IRINAEHCEN> 25 log,FC<— 1 TR E B <0.5.
Note: log,FC>1 represents fold change> 2; log,FC<—1 represents fold change<0.5.
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PRI (ko00330) LASAG ZPRAEY) G 1 (ko00220);
DRSS R IRFR S (ko00630),
WA . REARMB DRI (ko00250) LA K
KRR YA I (k000220); 4-BETMRS 5T MR
Fisf Gl (ko00650), KR AR (ko00330)
PIRNAR . RE&ERMAZ R (ko00250);
BRRSS TWERCHE (ko00650), L RN —
2 W2 AR (ko00630), K 4 R A1 i 4 R A% 5t
(ko00330), &R . K& &R M4 = W18
(ko00250), KRR A I (ko00220) DL S 43 ik
HAKACE (ko00480), 4 MAMLIR FE S5 =Rk
A RERRIEH, Hrh, BHRS 5 R —
RIR AU (ko00630); BEIAMR . Frgk DL e
LR 5 5 QR — R (ko00630) L
L = IRIRAEH (k000020), BEIIMRIEZ 5T FRIH
R (ko00650) LA KN IR . KA 2R FI4T 2 TR
R (k000250); RS S5IMIRS Gl (ko00591).
AR A R A ZLBE B AR SR AR X
M, HRYBEM B TR, RUSME2ZE
Mz b FRREHRE o — b B A SE R A e K AL A 1R
BIK S
3 g

e st ] P ARl 2 2 SoF A 0 3 RG220 e 1 it
P00, ANt FH 22 TR e 2% A A P R 1A K
Tt . ANFIE KB . AN 22 208 AT A R A A
BT ENGR LR, R PR R
PR BRACH T =LA, $Em = LRk T
RS E., KEGG BEMr AL SNELE
2 FZ IR T A T =B R L b S AT
AW APUR DL B IR TR AR Rt . Hor, f2
P L AP T TP R S5 A A 2R T BB MR i 24
AR — L AIE M EZLRRE

Pt S B Y ROS BLEPY, 244 4 1A
ROS M BRHECRAL T = AL HoRnT, &S84z
AT h AN R B B A b B A B
T 22 e AR A 1 A W e 5 R SR A AR A 11 3
AfFEE RS, PUIRIMLER (ascorbic acid, AsA)—
I H K (glutathione, GSH) 73R 5 H bt 4k
fii—E 25 AsA Fl GSH BIEALIBJF 0, 4Ed
FE W A0 R ROS 72 A= R Bk =22 A (1 SF- 720, A
U, MWL R IR P A AR A — e R
B FHAfbRe 1. ENIRRE R ER: 5iEK

XTHE (CK) AHLE, i, moi 1 1 3 mmol/L
24 @ W ] 1 35 4% = SOD i M (P<0.05), Wit
3 mmol/L 22 & iR 7] . #4255 POD {1 . LM
YEMAEY B IR, BEnT LIAE B &
TYIFEPHTNBE R, T LA A P s
T30 B A A IR AT, iR R B MR
RAFREY I R P 2R R, B9 TR
Tif $APERY . AHIFTEAE SR R B . AR 22 Z R 1) W it
FHEMEELR WRNER .. BAR. WAR
E) R BEmn, KUSMNRZERMRHE T =Lk
R EERNER . FHEEER (WAL AR
RIR) PR AT Z W 0 A R i, HAUE n] AR
BT LW E Et iR s =Ly AL RE 1™
A5 E RN R A G R ] LA i 8 5 bt A A S ok
B R P A ALRE SV 4-20 3L TR AN A R vT ik
B R BT A A B S MR D> ROS FH R a4 10 B8
XA 53, i B I R A A PR A 8
7 KA AP A IS A R T RERY s AR bT
AR GSH A iz —, s-SAllaEmRL b h
AR GSH FHAE T b 75 M F2 0 73 S B
TR A ot gt v A3 2o ot 222 b R 45 S R R 4
IR, MR ESCEAVERTY DUBEAEXTEA:
W7 5 B S ROS T IR v & 4548 B,
PG, 3 i e AU TR Bt T R AR R AR b e
Yyal Be S MIR i 22 S R B = — Lt A
SRR Ak, RABE 2 (AR ) At R 3k Sl
S G e A= AR AR I G | R B A5, o S R
CUNIERR" 3 &RV AT e HAT 4P
YU AVE T, S Re .

ARG ey i Rz —,
TR %t A A W 3 TR 7 v RS TR A
AR R BERCRIE . BB ARG S0 T E,
AW KB SNERSE 22 AR Is , AT
FRER (LB, . a-D-FEFUBRER . N-2Z B
F-D-FAIE) ¥ e TR, R U A )
HAI RSB S R AP R s AR R Y T 42
1o e S DR R R E A= W W3 g it 32 1, SRV
P BE RIS V5% R TR U8 /N 2 i SRR aE
P, BLAL, R BE S A s Y R R L AIG
. mBEEMTRIOKERFZMT, fE4ii
Y BRI R 2, A SO R 8 1 R
PR S T B A AR R T4, NI e e A A
A B AR YRR IER . 7E KEGG ARz,
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N
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