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Effects of exogenous NO on growth and physiological characteristics of watermelon seedlings under
aluminum stress

XIAO Jiachang, ZHENG Kaimin, MA Junying, ZHENG Yangxia"

(College of Horticulture, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: To alleviate the effect of exogenous NO on aluminum stress in watermelon, the effects of different concentrations of exogenous
nitroprune (SNP) (50, 100, 200, and 500 pmol - L") on the growth and physiological characteristics of watermelon seedlings under high
concentrations of aluminum stress (1 200 wmol - L™") were studied using the Zaojia 84—-24 watermelon variety as experimental material and
SNP as NO donors. The results showed that the watermelon seedling growth under aluminum stress was depressed; watermelon leaf cell
membrane permeability increased significantly; the product of membrane lipid peroxide malondialdehyde (MDA) increased by 14.18%;
superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) levels were significantly reduced; and soluble sugar and proline
contents increased noticeably. Aluminum stress led to a significant decrease in chlorophyll content in leaves and affected the content of
nutrient elements in watermelon leaves, resulting in a significant accumulation of aluminum ions; this eventually led to a decline in the
photosynthetic rate and the seedling’s weakened photosynthetic capacity. After the addition of exogenous NO (50 wmol-L™"), the aluminum

toxicity of watermelon was alleviated; the MDA content in the leaves was significantly decreased by 12.64%; the contents of SOD, POD,
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and CAT were increased; and the proline content was significantly increased, to regulate the metabolism of reactive oxygen species and

maintain the stability of cell structure and function. Moreover, the accumulation of aluminum in leaves was significantly decreased. The

chlorophyll content in leaves was increased, significantly enhancing the photosynthetic capacity of watermelon seedlings. When the

concentration of NO was 500 pmol - L, it had a toxic effect on watermelon, and the hiomass of aboveground and underground parts

decreased by 28.26% and 3.57%, respectively, indicating that the duality effect of NO. Aluminum stress inhibited watermelon growth,

antioxidant enzymes, osmotic regulatory substances, photosynthetic parameters, and other physiological characteristics. At the same time,

the appropriate external application of NO could alleviate the physiological damage of watermelon under aluminum stress and promote the

growth of watermelon seedlings.

Keywords : watermelon; NO; stress of aluminum; physiological characteristics; nutrient content

e P T EETENSREIUR, A d
H5E B BT R I 7%, TEIER 3 BRi 5 LA
TP A R E R BN KR B0 R BR R
HAETUEY B AP e, (BAERRYE b (pH<S)
BN IX SE AT ) R B RIS O A A KR B A
R TEVERY AP RN B AR TR AR K
BRRE I ] S 0 R A S AR AR DA A S M A ) %o
IK 53 K g S ot B W s, AT - BOR ) A= A 32 B
S ARANEps 7 e e b DX 9w B e, TR R
PEL I SR R RGN Y AR AR P E AR Z
E

V8 R [Citrullus lanatus (Thunb.) Matsum. et Nakai]
JBTHRHEY) R EE W R EY 2 — . K
JE VG A P B — R[], HC R R AR L ™ 5 A 2
Yy JE it A A, SRR AL S S BOE PR AR 1 Y
3R R PO IV B A A Dt PR 22— S — g
ORI EAE D), - n gR B k) o vE I A Kk
B, L™ 0 PG TR 7 A

— AR (NO)JETEAE YA N LA A 3B S A 1E
RN FAF S BT, A A o — i B 1 AU
1R R”  BRETTA A K R & L TEAR Y 32 3 38 )
1 2 E B L S A B e 17, NO B2 5
YK R E R aE SN PR, B ETRES R LT
JIEA £ 38 R BB 5 1 0 93 T 1 4 (ROS) Y 7 A
NO #8 5 % i & 1T 2 A SO, 180 1R 4 ROS A
R, NO I RT3 8 A P A o B BT A 2 ek
PO TG M L V8 A A P 77 2 R0 P R IR o
AN R R . BRILRISN , NO AT LUSE 2%
JHMIE T I 2R B S, R0 R B[R] Y f
PHER . — ] LA NO DI RE A 44 S WA~ J7 18 : — 7
T3 Ao i o 928 35 VA1 ) T R DA R e SR AL RE ) R
K As Yy ERVE 55— 5 T NO A LAy — 5 =40
F- 38 3 4 5 RS H - ATPase 7 , 35 K/Na (4K

LA, HEre A BRI NO fE K EM 4
DA R R SR G2 A 40 e A B A
FH o SR H AT NO X P AR 38 1 % g A 8 R T
FE ARG £ NO HE A E-44 (SNP) A B PG R4 1
BEVHR A T AR NO X8R 2 18 15 1E T, DAY Ry ik
— R A 0 TCER 2 R R AR AR o

1 #MHREFE

1.1 iR Ba 43

AP ISR T G L 84247 (I
10+ /KA B R AL (SO.)5 - 18H,0, 43 Hr 4li] iRy
4 (SNP-NO {1t 44 , CsH.FeNeNayOs, 43 H7 46 ) | 7 il
7 TN 52 R FP G (L-NAME-NOS #4171 , C;H)sNsO, -
HCI, 73 #r4t) .
1.2 #eHEsT

BEICR /N 5T At R AR TG 1 75 JINFR 1, 55 CiK
215 min, R EEERIG RS2 R 6 h, i AfE IR A
H130 CHEZE. P PRI TREABRE 18 A .
AHUE (2 a A AHER sk 4:3: 1)K
FEH L R R EW T — DB R R E 10 emx
10 em B FEH , 5 3 d B — IR 1/3 Hoagland & 37
W IS A U Rl K2 Bl 2 B A 1)
h 25 °C, G BEER FE 5 000 1x, AR EE 75 % , -5 A
14 16 h-8 h.
1.3 #HiAbIE

K AL (SO B4R 38 185, LL SNP iy A1 i
NO A, R PG NG 1 = i — OB, FF U ) AR ] Lt FH
50 mL AN [i] #e i A BRI (LA 1/2 Hoagland & 7 AE R
VAL, 3 B S v B2 2 1200 wmol - L7 AR B R 45 FLAS
[ ¢ J& 14 SNP LA}z L-NAME) ., L% 7 4N b 38, B4
WE 3R EE BN EE 24 . B3 dEE—K
AR, AL TR Y pH FH HCL B NaOH 3355 21 4.5, {3 1F
FR PR 45, LRI S 1T W2 1. Ab P PP A R SR e

WWW.Qes.019.CN




e ATETTEESY 0%5%3%
&1 Rwigit SE o SRR OB (PAM2500) T 7 P IR &)y 1 46
Table I Experimental design 2 B SR RO SR A PR v R e
Treatments 10t L TR EIN Gl 1) JE T IADEOE(FO) R (Fm) d KOG fE%
CK 0 0 0 6.0 F(Fv/Fm) AEGAL =K R B (qN) D65 K R
CKAI 1200 0 045 H(qP) TR (ETR) S5O B H,
0 12 » v {55 Li-6400 f 5 20t 25 (30 P RARS 2 1 20
e " DT OLOSE I A SR R (B C0A) R
o 1o w0 o a5 ALSHEE(LILO) I COMIE (LA COLH) ZEM
oL 1 200 100 00 45 F(LAH0 ) S 0E bR . ME 63 1 000 wmol -

Sk T T 6 0 358 BT A5, NO ¥ B 6 JiE BE 42 2% NABI
Sl
1.4 MEFHE
L4.1 A KA8h

AbFR15 dJ5, BN PRBENLEE I S BRI E T AR
FEFRIN AR DL R bk e A B RGEEA 7 4 (43 B iy
MR ZE A UOE ), b b 50 R S A i S5 0 kT
e LUE AR T oK O3 Ja irE W R T AR il
SE, 2R bR < R T I0
1.4.2 A= FRAEHR

AEFR 15 5, B AL B BE LRI 15 P&, Pkt
564 JETF I B e EA T I e A A AR Ak
Y1 AL (SOD) 36 Pk (3 LAEE 3 h, ) e Ak
Py (POD) T P | 2 A Ak Sl (CAT) 36 4 79 1
(MDA) & M (10 & TR =
RO MR R G, SRS ARG R
R AR A B
1.4.3 MERINSEINE S

AEFR 10 d )5, AT SRR 9O ROt A S5l

m2es, R A 25 °C L, COL e R 400 wmol - mol ™", FH
XIREJE N 75% o
1.4.4 B JFOGE S il e

VAR P B TR A, AT T R . B LR
BE R VEEVH BROCR ORI FREL0.S g S BT
HEIE I, A 4 mL & SRR A1 16 mL AR , HI DR fif i
R, A A AT B e A S R Rl
AR E o BT I R BV B i
1.5 HiiEsbiE

% Fi Microsoft Excel 2016 Z{FiE 47 5 2L B, fili
JH SPSS 22.0 #4748t Hr , 8 ] Origin 2019b #£17
P P e Bl A I (e bR e 22

2 HRE5RMH

2.1 AERE NO XTERAME T 78 I A KRR B 220
FH 2% 2 AT T, CKAL AL H T 7 I A K B i 37 3 91
il FEH b R b FR 5 AR AR R TG )1 5 CKAH
FLERA W FRAR . MR AN NO J& , V5 )R AZ 53 1)
TIHIVE A5 3 22 6% , 5 CKALAH F , N50 5 N100 (7
b EB T T AR T R AR ZEHLAIAR R
{6 7735 07 S 3 i, NS00 Ab BT T 2 B R 30 i 7 I A=

&2 NOXFERRME T B R & RSB 7200

Table 2 Effects of NO on growth condition of watermelon under aluminum stress

E WEMSERR M FESR b ik AL BRI )
Treatments  Plant fresh weight/g ~ Root fresh weight/g Plant height/em  Root length/cm Stem thick/mm Root activity/(pg+g™"+h™)

CK 16.19+4.97a 3.54+0.78bc 27.20+7.54abe 20.87+3.12a 6.57+0.91ab 29.18+1.58ab

CKAI 8.35+1.05¢ 2.24+0.46d 21.23+0.97cd 8.43+0.83¢ 5.50+1.22be 22.49+1.27¢
N50 17.31+2.44a 5.60+1.22a 32.77+5.90a 22.07+4.84a 6.73+0.38a 32.41+0.96a

N100 14.37+0.83ab 3.55+0.19bc 30.03+2.04ab 21.57+2.40a 6.67+0.49ab 24.46+0.84bc

N200 11.95+0.40b 4.03+0.16b 22.67+0.81bed 20.70+4.13a 6.00+0.1abc 20.77£2.01¢

N500 5.99+0.90¢ 2.16+0.49d 16.27+2.96d 14.33+3.62b 5.20+0.26¢ 14.33+4.55d
N-L 6.97+1.32¢ 2.65+0.29¢d 17.47+4.39d 18.23+0.70ab 5.07£0.15¢ 23.40+5.60bc

T AR ING FRER IR AR 25 553K 18 K OF-(P<0.05) o A,

Note: Different lowercase letters indicate significant differences among treatments (P<0.05). The same below.

1% WHART]



H 20K, 55 SMIEENO X 40 D8 T P IR i A R R A B 1 5 1653

KREH. 5NI00H ., N-L b B & 3045 AR AT FRAR , 136
B 50~100 pmol - L™ NO 0] LLZZ i 75 JIN () 5R Wae , i ik
ik,
22 AERENOTSEIMME TEHRRENK RSN
B &1 A AL, 5 CK A B, CKAL A9 SOD . POD |
CAT {F VL1 B WK, MDA &8 B35 FTh. 5 CKAl
A EE, A5 NO BT DL 5 7 I 2 1 B 4e0 A b il 0 1 | [
Il MDA % & . 7E N100 4t ¥ o, SOD 5 POD [iff 7%
4351 CKAL 5 236.16% . 19.86% , MDA 5 & &A% T
22.46% . CAT J 3% T 78 N50 &b PR 35 3] % 5, kb
CKAI 15 33.82% . 5 N100 A Hb , N-L 4t B2 R SOD .
POD . CAT M 7% £ 4 %I B% (% 41.80% . 9.72% .
39.62% ,MDA &t FIF T 19.12% . P K & NO
(50~200 pmol - L™) XJ P4 JINH 5Bt S8 A i 1 A= B AR
WAE R, IF B> MDA & & 19 28, H & W B NO
(500 pmol - L) 2 11 il 470 46 A0 1l 1) & BN S T 4R
FH 53
2.3 RERE NOXH4EMME T A S ER Y RN
i I 2 AT, 5 CK M EE , CKAL 6 AT 35 4 5 i
AR GEDF LT TEHEEAGTERAEREER.

2001 A
180
160 [
140 1
120
100
80
60
40
20

HH o
S

[ =

H O
-

d

SOD &1 SOD activity/ (U-g™)

CK CKAl N30 NI100 N200 N500 N-L
AbFE Treatments

401 C
3571
301
251
201
1.5
1.0}
0.5+

ab
T

—t—i
s

,_
—— g

—— 8

HH 5

HH®

CATHEME CAT activity/( U-g™)

CK CKAI N50 N100  N200 N500 N-L
Kb FH Treatments

Hhjiti NO J& P4 I b T s vpE 2 i Bl 25 NO W B T
AN, B NSO A BEAL , 5 CKALAH H G 8 3% 22
5o PR & Rl E NO W (1) T i 22 B S I vk
(50~100 pmol - L) fi 2 i = ¥ B (500 mol - L) 41l
R AT L AL 22 N B . 5 N100
ARFRAR EE, N-L AR g It e ol i g & i o T
30.69% , Ml 2 R & & T [% T 68.65% , Al EHE 11 &
WG E AR . U B NO 3 5 i 52 i i 2 R
ATV O R SR A AT 38R PRI A AR BE A
i
2.4 RERE NOXHRME T 8 & 45 R 0
A2 3] 1, AR 10 d 5, 5 CK A EE , CKAT PR
MW RRa T E PSR T E FOLEGHER
(Pn) RALFE(Gs) ZEMBHR(Tr) ¥ T, 4
Jita fF ¥ B NO (50,100,200 wmol « L) ¥4 2E T P4 IR 4)
2R E a B 4R K b & & . Pn Gs (CiTr i _E Tt
5 CKALAHEE NSO A H T 48 3R a 7 ik \Pn  Gs Ci Tr
8 BT T 67.16% . 126.15% . 250.00% . 21.03% .
152.03% . i N500 4b P F V5 )AL i 48 38 a 5 1
M2 E b & Pn.Gs . Ci Tr ) i AR, N-LAbHE

1001 B

~ a ab b b

'v_:o a a a a ab
o 80f[F T T T T
o b l T

z z IR
2601

g

a

e 4or
fsal

= 20

o

=

0

CK CKAI N50 N100  N200  N500 N-L
Kb Treatments

~ 1.01 D a

o0 i bed . a]b abe
% 081 bgd ! I d c]' 1 1
H | T I

L 0.6

=

g

= 04f

=

i

Jﬁ 0.2}

=

a

= 0

CK CKAI N50 N100  N200  N500 N-L
Ab P Treatments

AF/NG SRR AL B 22 53 .25 (P<0.05) . T 1]

Different lowercase letters indicate significant differences among treatments (P<0.05). The same below
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Figure 1 Effects of exogenous NO on activities of SOD,POD, CAT and content of MDA in watermelon leaves under aluminum stress
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Figure 2 Effects of exogenous NO on the contents of soluble

sugar, soluble protein and proline in watermelon leaves under

aluminum stress
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Table 3 Effects of NO on chlorophyll content and photosynthetic parameters of watermelon under aluminum stress

2825 a 5 it 242 b & i , - " N N e e
s 145 a i PRRD I ey LSRG WMCOSKEECH AR
Chlorophyll a content/ Chlorophyll b o 5 o B
Treatments o o (pmol+m™?+s™") (mol-m7-s™) (pmol +mol™) (mmol-m™-s™)
(mg-g™) content/(mg-g™")
CK 1.17+0.03a 0.46+0.01a 15.10+2.08b 0.20+0.06b 246.49+17.98ab 2.15+0.47b
CKAl 0.67+0.18¢ 0.27+0.09bc 8.26+2.65de 0.10+0.07cd 226.66+37.27b 1.23+0.66cd
N50 1.12+0.19a 0.44+0.07a 18.68+1.37a 0.35+0.09a 274.32+13.21a 3.10+0.44a
N100 1.09+0.08ab 0.46+0.08a 13.85+0.42hc 0.20+0.01bc 259.04+4.21ab 2.20+0.02b
N200 0.83+0.16bc 0.30+0.06b 10.93+0.43cd 0.15£0.01bed 260.55+5.04ab 1.83+0.02bc
N500 0.55+0.06¢ 0.14+0.03¢ 5.18+2.73e 0.060.01d 243.10+44.56ab 0.78+0.16d
N-L 0.78+0.17¢ 0.260.08bc 7.56x1.26de 0.08+0.03d 224.59+18.25b 1.08+0.32d
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F4 NOXT4RMME TN B R R ESHN M0
Table 4 Effects of NO on chlorophyll fluorescence parameters of watermelon leaves under aluminum stress
4bFH Treatments FO Fm Fv/Fm ETR gN qP
CK 0.71£0.02a 3.69+0.10a 0.81+0.01ab 99.10+7.83a 0.36+0.09b 0.86+0.04a
CKAI 0.62+0.05b 3.13+0.25ab 0.77+0.02¢ 73.93+10.04b 0.59+0.11a 0.78+0.01b
N50 0.68+0.03ab 3.66+0.19a 0.82+0.01a 101.63+5.9a 0.32+0.04b 0.87+0.04a
N100 0.67+0.05ab 3.40+0.23ab 0.80+0.01ab 82.63+15.88ab 0.48+0.09ab 0.83+0.01ab
N200 0.70+0.06ab 3.60+0.24a 0.81+0.01ab 79.26+9.80ab 0.56+0.03a 0.81+0.01ab
N500 0.66+0.01ab 3.40+0.11ab 0.79+0.02abc 81.83+13.16ab 0.49+0.15ab 0.76+0.07b
N-L 0.47+0.03¢ 2.64+0.97b 0.78+0.03bc 78.93+17.31ab 0.56+0.04a 0.79+0.02b
&5 NOXHERRME T A K& BUTRBIRM (mg-g ™)
Table 5 Effects of NO on mineral elements in watermelon leaves under aluminum stress (mg-g™)
Qb3 W ey 5 Bia R i P Rt
Treatments P content K content Ca content Mg content Fe content Cu content Zn content Al content
CK 4.648+0.181c  182.100+2.913a  68.950+1.613ab ~ 28.100+0.114a  0.139+0.009¢  0.013+0.001¢  0.031+0.001d 0.191+0.029d
CKAl 5.502+0.294bc  172.766+4.801bc  67.816+0.278abc  27.275+0.458bc  0.181+0.016bc  0.016+0.001ab  0.037+0.001b 0.559+0.014b
N50 6.680+0.746a  180.833+4.271a  69.450+0.811a  27.283+0.080bc  0.129+0.074c¢  0.014+0.005bc  0.040+0.002a 0.409+0.082¢
N100 5.433+0.212be  168.233+£1.205¢  67.500+1.239abe ~ 27.300+0.075b  0.191+0.019bc 0.015+0.001abe 0.036+0.001be 0.362+0.027¢
N200 5.917+0.236ab  168.233+1.20lc ~ 66.05+£0.567bc ~ 27.175+0.043bed  0.238+0.013b  0.017+0.000ab 0.036+0.003bc 0.363+0.015¢
N500 3.055+0.925d  174.666+2.502b  65.300+0.955¢ 26.750+0.413d  0.333+0.008a  0.018+0.000a  0.017+0.004e 0.725+0.019a
N-L 5.368+0.464bc  156.567+0.952d  65.825+3.362bc  26.800+0.114cd  0.183+0.008bc  0.018+0.000a 0.032+0.001cd 0.571+0.035b
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