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Effects of Foliar-spraying Spermidine on Chlorophyll Synthesis
Metabolism of Tomato Seedlings under Heat Stress

XIANG Lixia', HU Lipan'* , MENG Sen’, ZOU Zhirong®
(1 College of Biology and Food Engineering, Chongqing Three Gorges University, Wanzhou, Chongging 404100, China; 2
Agriculture Ministry Key Laboratory of Protected Horticultural Engineering in Northwest, Northwest A&F University,
Yangling, Shaanxi 712100, China)

Abstract: With tomato cultivar ‘Jinpengchaoguan’ as the experimental material, foliar-spraying 0. 25 mmol
+ L ! spermidine (Spd) were applied to the seedlings, which grows under high temperature condition (38
‘C/28 C, day/night). The effects of foliar-spraying Spd on the growth, the contents of chlorophyll pre-
cursors, key enzyme activity and the content of chlorophyll of tomato seedlings were discussed. The re-
sults showed that; (1) foliar-spraying Spd significantly alleviated the decrease of shoot weight of tomato
seedlings under heat stress, but it had no significant effect on root weight. (2) The contents of chlorophyll

precursors d-aminolevulinic acid (ALA) and porphobilinogen (PBG) in tomato leaves increased significant-
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ly under heat stress, but the contents of uroporphyrinogen [[ (Uro[ll ), protoporphyrin [{ (Proto [X).
Mg-proto [X (Mg-proto [X) and protochlorophyll (Pchl) decreased significantly under heat stress. The re-
sults indicated that chlorophyll synthesis blocked site was from PBG to Urolll , which might cause the re-
duce of chlorophyll a (Chla), total chlorophyll (Chlt) and Chla/Chlb. (3) Foliar-spraying Spd increased
the activity of porphobilinogen deaminase (PBGD) of seedlings under heat stress, which effectively allevia-
ted the hindrance of heat stress on the transformation from PBG to Uro[ll . and promoted the synthesis of
chlorophyll precursors after PBG. In summary, this study showed that tomato growth and chlorophyll
synthesis were significantly inhibited under heat stress. This inhibition could be relived through foliar-
spraying Spd, which could alleviate the transformation from PBG to Uroll[l. This process promoted the
synthesis of chlorophyll precursors, resulting in increased amount of chlorophyll and less inhibited growth

of tomato plants under heat stress.

Key words: tomato; spermidine; heat stress; chlorophyll precursors

Fin (Solanum Lycopersicum 1L.) 5= T g E
VG HR G I Al R TS IRAE ) . e R R T AR
TR R R K E RS SR 2 — . WA Y
% (P A AR AL RN A ) R 2 RS IO A R A
Pyt A AT e TR TR L B R AR K
TR 15~28 C i B 5 v s AIRAR 2 BELAS AR K
REUENZE CEBER T, LR T
R AR R B TR B 2 v R T R M A L LR
B DR b 28 A 7 b T B B S R I R A
T I aa

Z W R R N 3 A7 TE Y — R B A SR ZUAEY)
R DR (A e [ et~ e ol S il 3
(Put) P AE e (Spd) FUHE e (Spm) , X 14 58 41 ) Bre 3
YA A EEMEM . ITJL4E, X T Spd X5 A5 4 /G 1
PP I 5T 2 B A 22 i 342 o L 0D 470 396 PR 0 5 ) A
Z = W, £ e RB 0% 7 30 BT IR BT vh 4 A
P Ar EE 6 QR = R B an R S RS T R
N KRE L DL K b w38 R 5 A Ok A
RV EAEY U R A Y O A R R
AR ) A A1 0 Y AR A 22— T I A R AR R
YOG G VE IR & By 3 TR AR . R, Al
56 LA PG b b X35 i 2 A 4 B W O Dy a6 A
BE A FE I TR Spd X R B 3E T B a Al AR K
S 23R A BUHT AR P B A B RS R B FE 4R T Spd
TE G2 M 3 il 4 v 6 & 4 JH e R B 38 s 5 i AR B AL
il AR S 3 — 25 BF 58 AR Spd #2418} 24 4 4 .
L bbRR
1.1 R34

A LAt 7 i R B it < 4 0 3 e 7 A b L
(Wl ST B 78 A e AR S Al B A R 2 D L ZE P L
PP IR A A XN A % N R AT Gl BE 7T 458

JEHE 16~45 C) iR B DGR BT I8 R 55 45 i & 45 35
FH VS T O R A PR A wl fe . B R EL. A
K47 LED 47608 12 h(07:00~19:00) , e &H K
9 (PPFD) i 200 + 20 pmol » m % « s7', A i
28 C,AHXF W 80 % ;7% M0 12 h(19:00~07:00) .,
18 C MR 80%
1.2 K&t

FFT A AT K 2 = — O B, BEERUK 4 A —
A AT IR A, A e 4 AN AR EE . (D
X HR(CK) LS 3 25 'C/15 C (g /#%) 5 (2)Spd &b ¥
(CS), R 25 C/15 C U /B) -+ M1 W it 0. 25
mmol « L™ Spd"® 5 (3) @ iR 38 (H) iR 38 C/28
CUR/BOM 5 (4) i M8 + Spd 4b# (HS) , K i
38 C/28 C &/ —+ M TH Wi 0. 25 mmol « L'
Spd, f K 18:00~18:30, M F iE Jz ifi ¥ &) W jifi
Spd B85 5 (19 ZE 18 K (BER RGN A 2 1 Tween-20) ,
DL T 772 AR B ST K B R 1k . AEARBRER 6 Rk X
AHHARKETSE 2 FEeRRIn e f5E
AR RS ET R Y BT R S R OGS L
T r A g i 3 IRE & .
1.3 MEERSFE
1.3.1 #HEHTEMEHESE LAMEELERLE 10
P DN ZE LT BT B, b b5 B R K OF L AR I M
TS S FH 2R AR K v T i TR R K 4R W T 3R T K
SyIEARICEEE , Hb b ARRIHL R L 115 C AR 15
min,75 CHTZEERRTE IFITERE L, R
56 b= AR fef F () /b 1 e E () X100 %%
1.3.2 MEERMFRAHAEYREE i
JE AKX (Proto [X ) E5-JE MM Bk [X (Mg-Proto [X ) I
Jist 2 22 R 6 (PchD) % &8 2 B Hodgins /9 J5 12
SEHOT 5 RN I (Uro D A E (5 2 7 (PBG) & ft
% W8 Bogorad {5 32 Y 8- FE R IR (ALA)



848 odb W % M 40 4

TS GRS 0y R et e R S e
Z Mk B kN, uiéﬂ‘%ﬂ‘]wﬁﬁéﬁmo
1.3.3 MEEERXBEBEEE A IEEEB
S (PBGD) Fl R nh mf J52 & i CUROS) (1 37 P I
Z B8 JR T 0 7 etk AT
1.4 HEHH

BRI BRI SAS 8. 1 B bk f7 7 £ 2% 5
i F AT (P < 0. 05) . ] Excel 2016 #EF577ER] .

2 AR5

2.1 MEBHESpd M ERMETEMSEERKY
Tt 43 1 b L R kb T A R A A R
Spd ZLH(CS) T T Wit # 72 Ak . 76 5 IR W38 (HL HS
4D T BERINGE D, Hf, 5xF 4 (CKO A L,
A I R A s o N A s
AL FA (CHD 43 51 8 & FEAR T 51, 900 .52, 9200 Fil
42.70% .33. 91 % , 7€ = il W 38 A WS it Spd Ak ¥ 20
(HS) 4 % W % B Ik T 33. 64%., 27.34%
38.64%.37.98% ;5 H 4b BELH XF kb . HS Ab 2 2H 4
7 1 S e R T R A R T b S A R T
TR F A, FIE. 4 A4 P04 4 8 2 6] 6 &
M b T % 2 5%, TEMRE L RAy H LA P
E T AL 3 A4, mTUL, i TE B Spd A %02
T e i 28 X i 40 v b B A K A R A L
%Xﬁ?ﬁﬁ?%ﬁi&%%ﬁ%%ﬂm
2.2 MEBIHE Spd 3 ERME TEMRMTH HEER
ARAEIEYREENR I

2.2.1 MEALAFPBGEE K1 EBR.ELEW
B RRIE ST ,CS A M H F/Fh 4 i - ALA f

PBG & £ 5%} B4 (CK) I 6 i 3 22 55 16 = IR
AT H A R ALA Fil PBG (19 &
Hyr CK 5 3% 32 3 34 i 43 51 4 72. 4396 F140. 64 %05
B2 HS ZbBRLH Ffint i+ ALA F1 PBG iy & = B 3%
fIOF H AR i 2 m T CKL 3 356 B i i an
R T R R ALA fl PBG & &, {3 2
T Wit Spd A ALl T XA Kk #,

2.2.2 M H Uroll .Proto X Mg-proto IX #1 Pchl &
2 WE 2 Fros A IE AR AL CS b B
HAE5FMLTE M F Urolll L Proto[X . Mg-proto [X #1
Pchl (& 35 CK 410 W 35 22 5 5 78 i iR W 36 4%
L H AP F 40 i A Urolll L Proto[X . Mg-
proto[X il Pchl i & & ¥tk CK & 3 FEAIK . & A1 R
WEE 23 590 A 3426 96,40, 57 % . 41. 36 % F1 31. 58 % ;[
Bf s HS &b 3 2H F 755 M F i Urolll . Proto]X . Mg-protolX

OCK ©0CS @H BEHS

4.0r1 A
~ 3.5 —
o 3.0f b
2.5}
m\mﬂi:fz(s)_ § a
Snl ¢
= 1.5F &
£ 1.0t o
©o0.5¢
0

S R AR ALA fEt 2R PBG

AR TR IR AL FR R 7E 0. 05 K225 W3 (P << 0.05), F[A
B 1 nmm s Spd X R M A R Fan ik i ALA

1 PBG & & 1Y 5% M

Different letters meant significant difference among treatments
at 0. 05 level (P <C 0.05). The same as below
Fig. 1 Effects of foliar-spraying spermidine on contents
of ALA and PBG in leaves of tomato seedlings

under heat stress
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Table 1 Effects of foliar-spraying spermidine on plant growth parameters of tomato seedlings under heat stress

#R 5 [t Root-shoot ratio

wpnm W EWEE 0 R L B
Sy y Shoot fresh Shoot dry Root fresh Root dry . —
Treatment weight/g weight/g weight/g weight/g i 5 Tl

/ / / Fresh weight Dry weight

CK 33.2343.53a 2.22+0.43a 4.7440.55a 0.3240.07a 0.1440.01a 0.1440.02b

CS 36.08=+5.55a 2.17+0. 32a 5.40=+1.10a 0.327+0. 06a 0.15%40.02a 0.15+0.01b

H 15.98+1.73¢c 1.0540. 23¢ 2.72+0.68b 0.217£0.07b 0.1740. 06a 0.207£0.03a

HS 22.0541.88b 1.6240.13b 2.914+0.54b 0.18-+0.05b 0.1340.02a 0.11£0.03b

7 CK.IE 3 I8 B b it Ho O3 CS. 1E 8 i B -+ M i B 0. 25 mmol » L™

' Spd; H. il a8 4 v H O HS. & il i 4ot i

W55 0. 25 mmol « L1 Spd; TRl . [R5 AN [R5 Bk 7% Ab BE 1] 22 57t 2. 35 (P <C 0. 05) s B {E 44 {H + SE

Note: CK. Normal temperature and foliar-spraying water; CS. Normal temperature and foliar-spraying 0. 25 mmol « L ™! Spd; H. Heat

stress and foliar-spraying water; HS. Heat stress and foliar-spraying 0. 25 mmol « L™ ! Spd; The same as below. Different letters within same

column meant significant difference among treatments at 0. 05 level. Values were means+ SE
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