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Effects of soaking seeds with manganese sulfate solution on saline-alkali re-
sistance of maize seeds during germination
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Abstract: Soil salinization is one of the major abiotic stresses affecting crop growth and yield formation. Improving
the emergence rate and seedling rate of crops under saline-alkali stress is the key to enhance the saline-alkali tolerance of
crops. In this study, Zhengdan 958 was used as the experimental material, and two growth environments of saline-alkali
stress and no saline-alkali stress were set up. The effects of different manganese sulfate concentrations (0 mmol/L, 5
mmol/L, 10 mmol/L, 20 mmol/L ) on the germination ability and physiological characteristics of maize seeds were dis-

cussed, and the 0 mmol/L manganese sulfate solution

treatment was used as control ( CK). The results showed
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The activities of superoxide dismutase, catalase, glutathione reductase and glutathione peroxidase and the activity of anti-

superoxide anion free radical in radicle and plumule increased first and then decreased in the treatment of 0—20 mmol/L

manganese sulfate solution. Among them, 5 mmol/L manganese sulfate solution treatment was better. Under saline-alkali

stress, with the increase of manganese sulfate soaking concentration, the osmotic adjustment substances such as soluble pro-

tein content, soluble sugar content and free proline content in maize germ and radicle decreased first and then increased.

Under no saline-alkali stress, with the increase of manganese sulfate soaking concentration, the soluble sugar content and

free proline content of maize seedling germ and radicle showed a continuous upward trend, and the malondialdehyde content

showed the characteristics of low concentration promotion and high concentration inhibition. In summary, soaking seeds with

5 mmol/L manganese sulfate solution could improve the content of key substances and enzyme activity in AsA-GSH cycle of

maize plants under saline-alkali stress, enhance the activity of enzymes related to scavenging active oxygen substances, ef-

fectively promote the operation of antioxidant system in maize germination period, weaken the membrane lipid peroxidation,

maintain the permeability of plant cell membrane, and effectively improve the germination ability and saline-alkali tolerance

of maize seeds.
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Table 1 Effects of soaking seeds with manganese sulfate solution on seed vitality of maize

S Osii

B A ﬁm?ﬁf‘]ﬁﬁmﬁ %f}:;ﬁ Z??/:?} R UL =R

TeER R a 0(CK1) 96.00a 94.00a 50.75a 2.13b
5 98.00a 94.67a 53.78a 3.93a
10 93.00b 87.33b 51.02a 4.03a
20 92.00b 89.33b 46.42b 2.04b

EIN NSl 0(CK2) 67.33b 57.33b 32.18ab 1.00b
5 73.33a 62.00a 34.87a 1.43a
10 59.33c¢ 56.67b 30.18b 0.74c
20 53.33d 45.33¢ 23.49¢ 0.55¢

(Rl —FUAR R b B R BRI/ PR 22 535 81 0.05 /KFB35 . CK1 L CK2 7305100 28 1K Tk & SRR = Fiovs 1
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Table 2 Effects of soaking seeds with manganese sulfate solution on the growth of maize germ and radicle

wi PSR—— i3S AR JRZET i JARAR T o
T u & B @'hﬁ&%ﬂfﬁﬁiﬁ%‘g (em) (em) (g) (g)
TeER A 0(CK1) 6.22¢ 8.78¢ 0.026 3¢ 0.015 8¢
5 8.18a 14.56a 0.028 6a 0.024 0a
10 6.66b 12.38b 0.027 Ob 0.021 7b
20 6.16¢ 8.40¢ 0.026 4c 0.014 4d
EIN DS El 0(CK2) 3.82¢ 5.26h 0.018 9¢ 0.010 9¢
5 6.36a 5.84a 0.026 3a 0.013 4a
10 4.62b 4.50¢ 0.021 8b 0.011 5b
20 3.50d 3.22d 0.016 7d 0.007 1d
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Fig.1 Effects of soaking seeds with manganese sulfate solution on anti-superoxide anion free radical activity of maize

SZRNRA TR G , FRIRZE SR )
S (AsA) 5 3B CER P8 AT T80, 156 B ER
H—E R LA TR AsA &M (K 2),

TEICER TR0 FERTR 0 | B BRI il TR ok
JERYHIIN, ARG AsA R TG
IS TR AsA & HATE G BT TR



) B R AR NS R KA B A ST A AR ) 2 649

AoEaH, JCER B IA B, 20 mmol/ LA BR % 14 T 3= Fh
WEEIIRZE AsA Er a4 Ao B 3%, L O mmol/ LA
FREGARGZ AP X B (CK1) #2155 T 11. 00% ; JRAR AsA
FHINILL 5 mmol/ LA R 5 ¥ W IR A B 1 B I 22
WANEIK 15. 38%, 1M 10 mmol/L 20 mmol/ LA FR4H A R
BZFPIAR AsA F iR T 11, 40% 12.33%, £

ZOOVA

160 ab b, a
be ¢ ; c

120

80

ASAZ; it (me/ke)

40+

0 5 10 20
AR ARV WK BE (mmol/L)

BERIE T, 10 mmol/ LAT R 46 15 1R 12 Fh b B A IR 2
AsA T HEI 0 mmol/ LA R IR FIo6 I (CK2)
KT 14.26% ; AR AsA 7 57E 5 mmol/ LERFR R
IRFAEER AN 5. 25% , T 7E 10 mmol/L . 20 mmol/L
TRREL A BOR PP T 735 TR T 6. 08% 1 7. 64%,
P AT

160r o
5 b 2 2
2 120r b ¢ c
&0 C C
E
w0
Qo
< 4oF
<
0 0 10 20

5
BRI (mmol/L)

O FeEbmlig ; 2 s®hsie
ACHRZE B RAR AR Rl S5 PRI AL B R A ) /NG b R 25 S a8 51 0.05 K-35

B2 MEREBRREMINERTEXY(AsA) FEHZIT

Fig.2 Effects of soaking seeds with manganese sulfate solution on the content of antioxidant substances ( AsA) in maize
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Fig.3 Effects of soaking seeds with manganese sulfate solution on antioxidant enzymes activities of maize
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Fig.4 Effects of soaking seeds with manganese sulfate solution on glutathione reductase ( GR) activity of maize
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Fig.5 Effects of soaking seeds with manganese sulfate solution on malondialdehyde (MDA ) content of maize
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Fig.6 Effects of soaking seeds with manganese sulfate solution on ascorbate peroxidase (APX) activity of maize
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Fig.7 Effects of soaking seeds with manganese sulfate solution on glutathione peroxidase ( GPX) activity of maize
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Fig.8 Effects of soaking seeds with manganese sulfate solution on glutathione ( GSH) content of maize
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