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Alleviating effect of root application of betaine on muskmelon
seedlings under NaCl stress
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Abstract In order to explore the relationship between betaine root application and regulating leaf
photosynthesis, antioxidant capacity and osmotic regulation, and the feasibility of enhancing salt tolerance
of melon seedlings, ‘Xizhoumi 25 melon seedlings were used as study materials. Muskmelon seedlings
were pretreated with betaine (5, 10,20 and 40 mmol/L) for 3 days, and then treated with NaCl stress (75
and 150 mmol/L) for 7 days. The root activity, relative permeability of cell membrane, photosynthetic
pigment, photosynthetic physiology, osmotic adjustment substance and antioxidant enzyme activity of
muskmelon seedlings were determined. The results showed that: 1) Compared with the control group,

different concentrations of NaCl had a significant impact on various physiological indicators of melon
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seedlings (P<<0.05). 2) Root application of betaine pretreatment had a certain alleviating effect on NaCl

stress. Betaine with a concentration of 5-10 mmol/L can improve the content of photosynthetic pigment,

photosynthetic capacity and antioxidant enzyme activity in the leaves of melon seedlings to varying

degrees, with the best mitigation effect. 3) The root activity and photosynthetic characteristic parameters of

melon seedlings pretreated with 5-10 mmol/L betaine were lower under 150 mmol/L NaCl stress than under

75 mmol/L NaCl stress, indicating that root application of betaine had a better effect in alleviating low

concentration NaCl stress. In conclusion, exogenous root application of betaine can effectively alleviate the

salt injury to muskmelon seedlings by regulating various physiological and biochemical mechanisms,

enabling them to resisit NaCl stress. The best mitigation effect was at the concentration of 5-10 mmol/L.

Keywords muskmelon; betaine; NaCl stress; photosynthesis; osmoregulation; antioxidant enzyme activity
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Fig. 1 Effects of root application glycine betaine on the phenotypic of muskmelon seedlings under NaCl stress
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Fig.3 Effectsofrootapplication glycine betaine on membrane permeability (a) and MDA content (b) of muskmelon under NaCl stress
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Fig. 4 Effects of root application glycine betaine on photosynthetic pigments content of muskmelon seedlings under NaCl stress
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Fig. 5 Effects of root application glycine betaine on photosynthetic parameter of muskmelon seedlings under NaCl stress
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2.7 HRHEHRAAXESHREEENIEIRZE

98 X 1 #T

3 ok &) AR R A M A A
Z 80 B 3E W W) T Kb AA A T R AR AR BR Y )
BT, & B 5E B 45 b 8] 77 7F W 35 A OGP (BT 8) . P
Gs.Ci. Trfil WUE Z [A] 2 & % IE4H5¢ ;Pn 5 Chl a,
Chlb.Car fl T Chl & & 3 EAHE, H i Pn 5 T Chl
I ZFGAF 0. 87;Chl b 5 Chla/b 5 8 3 fMl 6 ;
MDA, SOD #il POD £ & % 1 M1 56 , Hih MDA &5

SOD A% & ¥k 5 0. 82,
2.8 EHINHEMHHFEEREERD S

Xof 4% b BT N &) B0 A AR AR 2E AT 32 R4
GYAT, I3 FRAEAE > 1 bR SR B 44> 32 o)
(R 2, &I F 8 REWR 3R, H 5
13 A R AE 18 10. 885, TTRR % h 60. 471% , 1
Xof 7R AT ) v 4 X (B A8 K 19 48 AR O P Gs Chl
a.Car FIl T Chl & ;55 2 M B AE M 2. 773,
DTRR N 15. 407 %, HXE R RRAE ] d2t v 4 % i 45 K
B FE bR A SOD .Chl a/b f1 CAT & & ;45 3 F /0 10
FAEAE N 1. 481, STk 3 8. 226 % , H X R 45 AiF fi)
A X 3K 935 45 POD  Pro f1 MDA 7 & ;
854 TR B RRAE A N 1. 053, TTEkF N 5.851%,
L o7 R A 1 v 45 0 (B B K 48 B S CLRTSS %
Ho X A F AR BB DT ER R Ik 5 89. 954 %0, B
88 T IRA 5 h5 89. 954 % HIfE B .
2.9 75 mmol/L NaClfhiE TH#H NS EHELIEBES

M

Sy ST B A A ) e I S 6 Ak B S 6 NaCl i
R AR A K R E WSRO, X 75 mmol/L



% 31 TEHAAE - AR F S B R gl AR NaClh e ™ 0 22 i 35 107
" QP OO0 OO0 O o 00 ¢ 00 @ o 100
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093 00 02 Tr @ @ @ @ @ o @ © ©¢ © @ » © o 0.60
095 071 056 .EWIE @ @ & @ © & @ o & © ® o

083 083 067 078 077 Chla @ . ‘ o . . ® © O ¢ 0 o 0.40
082 070 060 074 082 078 Cih @ @ & & & o © @ e o

080 087 077 079 071 096 077 Car . c © 0 06 ¢ ¢ © © - &2
087 083 068 081 083 098 08 094 TChl ® @ . ® © O °» o o -
037 -0.13 -0.16 -027 -048 -015 -0.66 -0.14 -0.33 Chla/b e o O O o o o

084 094 062 079 073 083 065 08 081 007 RA @ & & S © O o
084 082 -058 -0.71 -0.81 -087 -070 084 -08 02 087 MP ® @ @ o & o

036 -0.62 -0.57 -0.39 -028 -049 -029 -0.63 -045 -013 -058 045 MDA © @ @ @ -0.40
061 059 -004 051 0.62 053 049 -041 -054 034 -058 o064 018 SS @ & @

2070 067 -026 -0.61 -0.72 -0.62 -0.60 -0.54 -0.65 039 -060 070 042 092 Pro wx ok 260
2008 -048 -039 -0.18 007 -026 005 -041 -0.16 -043 -050 029 082 -001 009 SOD ® @

054 049 -050 -049 061 -054 -0.55 -052 -057 040 -038 053 060 056 081 017 POD @ .
041 021 014 038 047 025 036 016 030 -035 007 -023 -004 -053 -065 032 -0.69 CAT 100

TR AR M IR B K (P<C0. 05) , o7 A KM ik M B 35 7KF (P<<0. 01D

*indicate significant correlation at the 0. 05 level, ** indicate significant correlation at the 0. 01 level.

B8 MMHEMHAEESHREEENIERZ B 18N FEFRIE XS

Fig. 8 Correlation analysis of 18 indexes between photosynthetic parameters and physiological and biochemical indexes of

muskmelon seedling

R2 EMSBEBEBRITEHE

Table 2 Principal component eigenvalues and contribution rates

B Wiy R AE{H TR A/ 2 TTRCR/ %
Principal component Eigen-value Contribution rate Accumulated contribution rate
PC1 10. 885 60.471 60.471
PC2 2.773 15. 407 75.878
PC3 1.481 8.226 84.103
PC4 1.053 5.851 89.954

NaClp i F 25 A~ b 35 5 IO 852 SR s R B AT (E XA Pr T, 3R W 3 08 390 4h 35! e A 28 2% i NaCl
ZEATEAY E S 0E B AT DASE A I WA A B g W 38 kB OR G B A K ok A R MR . Hod
ROEED ., LA WEREN A A3 CKPY 5 mmol/L ¥ & B 3 06l 7 Ak B8R, FH 4l A0 55 s o
)8 R B ¥ 4 0. 62512 75 mmol/L NaCl it P HER R 0.74, 5 H M A A &, HE T

FAFTE RN 4 v SR pR

BF-H(E M 0.32, F W CK;10 mmol/L fH3E 08 7 4b B F , H 3k 8 R 1y
NaCl i 2 XF &R 28 A A K =B iEH . A % 3235 CK, 368 FH 5~10 mmol/L ¥ B H 3% 6% 75
[i5] e b S ol 7 AR BT RH OIS 2l i 0 SR pR BT 2 b BT NaCl R~ S48 0 22 i R i
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Table 3 Load coefficients of each indicator factor

i H A T a7 /2 5L Factor loading coefficient
Ttems 1 2 3 4
et A 3% P 0.938 —0.117 —0.181 —0.074
SALFRE Gs 0.919 0.250 —0.004 —0.142
Ji I CO,#e JE Ci 0.710 0.329 0.231 0.481
I HR Tr 0.884 0. 009 0.165 —0.003
K4 H# WUE 0.884 —0.283 0.151 —0.031
2% 2% a & & Chl a content 0.919 0.129 0.146 —0.078
2% b & & Chlb content 0. 847 —0.247 0.302 0.171
A% N E & & Car content 0.909 0.285 0.150 0. 050
MIFEE & T Chl content 0.942 0. 008 0.207 0. 000
W4 F fH Chla/b —0.345 0.670 —0.209 —0.319
J 355 1 MP —0.899 —0.077 —0. 040 0.221
A AL AR B S M SOD activity —0.271 —0.852 0. 364 —0.030
i A AL W P POD activity —0.696 0.232 0.514 —0.404
W E LSS CAT activity 0.412 —0. 640 —0.406 0.193
N B 775 MDA content —0.565 —0.577 0.448 —0.294
HZ WG 5 RA 0.882 0.313 0.061 —0.278
Al S A i SS content —0.665 0.396 0.375 0.466
il & % & & Pro content —0.790 0.341 0.464 0.155

x4 REMHKHENaCIIPETHNGBHZLEHREIBERSESHRE
Table 4 The values of membership function and comprehensive ordering of all process of muskmelon seedlings under NaCl stress

after treatment with Glycine betaine root application

FESEm B / (mmol/L) Glycine betaine concentration

55 Index

0 5 10 20 40
M2¢ % a5 5 Chl a content 1.00 0.00 0.71 0.41 0.25 0.08
W N ZE & Car content 1.00 0.00 0.77 0.53 0.41 0.29
M4 % & T Chl content 1.00 0.04 0.74 0.46 0.24 0.00
M-4¢2 a/b Chla/b 0.63 0.00 0.46 0.45 0.46 1.00
¥t A % Pn 0.80 0.02 1.00 0.50 0.12 0.00
SR Gs 1.00 0.00 0.74 0.52 0.24 0.11
i CO, #eJE Ci 0.89 0.00 1.00 0.82 0.71 0.66
JE 35 M MP 1.00 0.21 0.57 0.31 0.24 0.00
I i MDA content 1.00 0.00 0.56 0.74 0.86 0.88
T PR & & SS content 0.00 0.45 1.00 0.99 0.90 0.85
Jifi & % 7 & Pro content 0.00 0.73 1.00 0.87 0.79 0.72
ALY B AL BN M SOD activity 0. 00 1.00 0.45 0.48 0.26 0.19
i A ALY P POD activity 0.19 1.00 0.58 0.67 0.14 0.00
AL AT P CAT activity 0.16 1. 00 0.71 0.23 0.00 0.87
Y {E Mean value 0.62 0.32 0.74 0.57 0.40 0.40

HEF Ranking 2 6 1 3 4 4
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3.1 REHMEBIT NaClhiE TEH /K4 E R R IE

7103 5 i

/RS Bl N A E NER el A= iF)
F49 AE R 0 R G g KO B 5 e L b Y SRR
B0 K7 i K CE AR RN 1R — A RIEHE YR R
i, WMAS LI EEEM, &5 2RI EN
S TG R B 38 B AR R R e S R AR Hh AR
7P R R AR O AR IR IR 25 SR R W, NaCl i
iH b R R R G AR RS T W R R AN TR
S0 e BE B B 42 = AR R TR L X 5 0 e s AR
TEEKRLE By g £ —3F . 58 10 mmol/L
TH 32 8 991 4 2R BE 4T 150 mmol/L NaCl ik 30 &
JR A HR RS ) W AT CK BL & 75 mmol/L
NaCl il 38 4 3 . 75 mmol/L NaCl i3 4 3 R,
5 mmol/L Fff 3 B 151 Ak BE G EH K &) 15 4R 206 T 22

RORBRAE
3.2 IRMEFHFEME T NaCl B TH# N4 & it ig
R W B 20

a2 5 EORT Y WK TR HE | T LB B M 3E
X E A ) 23 R S SR AT M R T O M R
A58 3 U8 1 ) 0, LA B 0 40 i 5 A0 19 8 38 TR OF
i, PR B 4 5 B F RS P DA 4R R A0 OE R
hEE . AR, NaCl i T, G2t Jp 2
Fi Ak 0 TR AT AR U0 A TR R LR
ST B T A A S A T LA T SR 4l v
T MDA & 08/, R PE R & s i om' iE mp
AN R RS b 0 I R A R BRI T
JRE R ARG 3 PR AR IR 45 SR R W, NaCl a6 4 i
AT 40 B 0 R o AT R R o e Y
T, T AS [ e 3 S e A B A I &) - vl
PERE O Bt 0 W, X 5 S A R R T
AR A R — 2, il 2R % 5 AE 581 10 mmol/L
e BE AL R 25 5% B 2 . 7F 150 mmol/L NaCl4b 3
R iEAT 580 10 mmol /L & S% fil 957 4 B A FE R & i ik
i T R R R o U B RIS v
NaCl [ 36 T 38 o 38 A oy ] 3 v R i 20 iR 55
25 T W) ST oK % ik i 3, A1 UG Jon T S B A 4R 2 X
sed LR . 5 mmol/L A 1Ak B A R &)
I 440 i B AR X B 1 5 CK TG 35 22 5, 28 i Ak R
e

3.3 1R EFM R IT NaCl 8 T & /K 40 & M F 3¢

EERAKR M

FY I R R AT GG R R AR T 4k
OE IR A E M EZ . Ehbia &5kt
SR A R, B ERZ R — e RER
T Chl a/bAE RIS AL, BE S W 6 A 36 o
(10 3 5540 0 6 A R T LR N A ) 7 3 B Ak
T 22 B0 R B BB BE T, AR AR 38 A% 1
T AR T S AR AT AR T R K 4l A o A
R 2R R R AR FOR DT AR CO, e B,
AR B 45 S W, NaCl 36 66 5w 5 R 4 8 - J %
G OEN A B, IT B3 % B B AR 2 v B 0 38 in iy 1
T, T A1 V5t in S A AL B R A ALY 9% b AR
H, £ 75 mmol/L NaCl 4t ¥ T #f 3¢ W ik &
5 mmol/L F 4 . NaCl ¥ & 2 150 mmol/L i,
51 10 mmol/ L &t 5 5 iy b B (% &R 4l it A %=
5, U NaClyf B i w5, &H =52 6l jiy Ak B RECSR AS 0 4k
WHEREEAR SEEMEN, XTHESE— L5 Ff,
Chla /Chl bfHZEfb 5564 (4 K & AR L # A 2,
5 0p 5 A A AR — B, B Ah T
A1 it B 3 B AL B A NaClB A F b a R &7
L MBI A SER SR — 8, FER
NaCl i F I Ge 1 8 &Y i 2 515 8 I 0 3k i
S5 240 LT 95 A Ak Il HL T I R I TR
SRS W) TR R A A PN K B o SR
G B I 3o ST T X B RS ) AR b 4 R, DA R v IR
R G RS A M, L E NaClif , 3% 5 X
Il 35 45 VAR K P B s A R A AR TR —
We BE NaCLlh 38 R, 5 mmol/L it 32 8 vie B2 %of & K %))
B A 1R I 28 A 8 SR R 47 o
3.4 iR 7B SEH X NaCl il T & K 40 & i 5

SURGEHEMm

FEAE Y IE H AR RS Sl 0 M A 7 A R
B bn 28 b F ah V- R FE SR WA B T L A AR
I M AT BSR4 0l IR 3O Al B A B0 W AE
T RS REA  Fh a2 3 0 A6 2L 4 R
MDA & & , ffi SOD.POD #l CAT i 1% 1 T W& , it
JNO B8 2 AR MDA & & Ul 4% 158 5 o 401k 72
A bR AR 0N SR RS R B R
36T IR &l P R A X B R MDA i 8,
SOD 1 POD i i 1 4 w5 , - T8 15 i 11 S5 B ) A7 24
WAV 5 JIEE K X6 325 12 AT MDA 5 &, SOD 1 POD Jif
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TPERR SR . AR S5 R R, NaCl i T #ft
JIA B R N MDA B £ F11 T IS AR T 35 P 25 38
R it it S Bk 751 Ak P A AT A5 PR AR MDA 5 3, BRI
20 e BB O ok AR Ab R R % iR AN MR A7 B A 05 L X
5 AR A B, (AR 4 e Ao
SOD ., POD HI CAT Jiff i ¥ 7£ NaCl [ 38 T & 3% $2
e o AR it A ] e B i S e 191 40 BT H SOD (CAT
POD [ 1% 1 5 NaCl W 38 A0 Lt 35 4 A 7] i B 19 B
K, X 5 AT AT BT 22 50700 AT 50 45 5 Ud Bt
JRA T 1E 57 3 NaCl i i, vl 58 2 8 E 5 09 Ry bl
il A1 47 S0 Ak e O P 2 T v AR R ISR R AT
T Ak B 2 i &) 1 B S A il M R AIGL (R 2
3 3 3 9 A2 T R A, DA A 306 NaCl
SENIOE 3 (38

4 & it

NaClJpr 38 38 3o % Fif R4 i AR R 16 1 DA 1E
FH B 38 98 7 W o A BT AR AL TS R SE £ 7 I 5
L 1 ) 2 T S i = B =7 -
S Bk 91 A B fiE 22 £ NaCl 38 XF & K& i AR R 06 )
B4 E Al BF e 2 MDA & &, 3058 I8 T i 42 fe 72
JE et Bl e AR L O S B R SR,
ARG S NaC L 38 47 R i 30 AR o 38 3 4y
G3 BT B st g R AU 255 HE P £ W], 5 mmol /L A FE R
B T4k BN /Y- 25 3R R R T CK, 10 mmol/L f #ff
Sl 4 B R 6 7 34 SR R R BUE 42 38 T CK, TR
NaCl Wpi8 £ 14 F , 5~10 mmol/L A9 & 2 o 42 jiti T3
A 3 il 3R ek
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