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Abstract: Salt stress is the most prevalent abiotic stress globally, severely affecting crop growth. Rice is an important
food crop, it is important to improve the salt tolerance of rice through chemical control technology. To further provide
the theoretical basis for the application of hemin to rice cultivation under salt stress, it is important to study the adverse
effects of NaCl on rice seedling growth and to understand how hemin regulating the physiological process to alleviate
stress. A pot experiment was carried out with the rice varieties Huanghuazhan and Xiangliangyou 900 as the materials.
During the three leaves and one heart period, after 48 hours of 5 umol/L hemin treatment, 50 mmol/L NaCl was applied
to the corresponding cultivated soil. Each variety had three treatments, (1) control group: distilled water, (2) S group:
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50 mmol/L NacCl solution; and (3) SH group: 50 mmol/L NaCl +5 umol/L hemin solution. Measurements of seedlings
growth characteristics, gas exchange parameters, and physiological indicators were taken after the 3, 6™, 9" and 12"
days after NaCl treatment, respectively. NaCl stress inhibited the seedling growth of the two rice varieties, reduced the
photosynthetic rate, and increased reactive oxygen species. Compared with CK, the antioxidant enzymes activities of S
group increased significantly in the early stage, but decreased significantly as the extension of stress time. Among them,
the inhibitory effect of NaCl stress on Huanghuazhan was stronger than that of Xiangliangyou 900. Compared with
NacCl treatment, exogenous hemin increased plant height, stem base width, biomass, total root length, root surface area,
root volume, and root tip number of the two rice varieties. Hemin inhibited reactive oxygen species (O,- and H,0,) ac-
cumulation, decreased malondialdehyde (MDA) content, and electrolyte leakage (EL). The photosynthetic capacity and
SPAD were enhanced. The activities of superoxide dismutase (SOD), peroxidase (POD), catalase (CAT), and ascorbate
peroxidase (APX) were increased. Meanwhile, the ascorbic acid (AsA) and soluble protein levels were up-regulated in
leaves. The results of this experiment indicate that NaCl stress inhibit rice seedlings, and the application of hemin can
mitigate the damage caused by NaCl stress on rice seedlings by enhancing the net photosynthetic rate, increasing anti-

oxidant activity or content, and reducing membrane lipid peroxidation.
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Tab. 1 Effects of hemin on growth of rice seedlings under NaCl stress
Fe b b fib B Ab 3T ] Treatment time/d
Index Variety Treatment 3 6 9 12
Bk /em WAk CK 35.17+0.03° 36.07+0.18° 37.30+0.12° 38.20+0.12°
S 32.47+0.07° 33.03+0.32" 34.13+0.033¢ 35.30+0.25°
SH 34.83+0.07° 35.43+0.07° 35.83+0.17° 36.17+0.03°
WL 900 CK 34.20+0.00° 35.33+0.34° 36.20+0.10° 36.37+0.09°
S 32.30+0.15° 33.00+0.00° 34.00+0.20° 34.77+0.13°
SH 33.50+0.29° 34.10+0.06° 35.23+0.12° 35.47+0.13°
ZEHLGE/mm WAE CK 3.00+0.06° 3.13+0.03° 3.33%0.033* 3.50+0.06
S 2.50+0.06° 2.53+0.03¢ 2.67+£0.033° 2.63+0.03¢
SH 2.73+0.03° 2.83+0.07° 3.00+0.00° 3.03+0.07°
WL 900 CK 3.40+0.06* 3.43+0.03" 3.63+0.03" 3.57+0.067*
S 2.67+0.03° 2.77+0.03° 2.73+0.03° 2.80+0.10°
SH 3.07+0.03° 3.13+0.03° 3.27+0.03° 3.30+0.06°
Mo /g AR CK 0.3084+0.0018*  0.3274%0.0037° 0.4214£0.0081°  0.4513+0.0108"
S 0.2069+0.0024°  0.2659+0.0032° 0.2676£0.0024°  0.3268+0.0026°
SH 0.2886+0.0010°  0.2924+0.0055" 0.3223+0.0033° 0.4007+0.0065°
WL 900 CK 0.3729+0.0053" 0.3842+0.0046° 0.4194+0.0040° 0.4727+0.0060*
S 0.2724+0.0340°  0.2704+0.0007° 0.3126+0.0072°  0.3136+0.0106°
SH 0.3271£0.0032°  0.3488+0.0111° 0.3782+0.0040° 0.370120.0070°
Mo FEg A CK 0.0690+0.0008°  0.0783+0.0005" 0.0922+0.0014*  0.0977+0.0022°
S 0.0550+0.0004°  0.0598+0.0022° 0.0547£0.0008°  0.0690+0.0006°
SH 0.0662+0.0002°  0.0685+0.0004° 0.0716+0.0019° 0.0816+0.0000°
WL 900 CK 0.0821+0.0005* 0.0850+0.0002° 0.0904+0.0008" 0.1082+0.0027*
S 0.0609+0.0002°  0.0645+0.0004° 0.0704+0.0018°  0.078+30.0029°
SH 0.0768+0.0014°  0.0785+0.0016" 0.0827+0.0012° 0.0929+0.0093°
M FEdE/g A CK 0.1861£0.0016*°  0.2037+0.0049* 0.2179£0.0087°  0.2328+0.0264"
S 0.0776+0.0002°  0.0826+0.0031° 0.0906£0.0024°  0.1006+0.0054°
SH 0.1159+0.0038"  0.1208+0.0008" 0.1248+0.0032° 0.1564+0.0027°
WL 900 CK 0.2433+0.0041° 0.2514+0.0069* 0.2642+0.0247* 0.2659+0.0070*
S 0.1687+0.0044°  0.1824+0.0058° 0.1961£0.0193°  0.1999+0.0025°
SH 0.2078+0.0032°  0.2107+0.0570° 0.2468+0.0269° 0.2390+0.0052°
HWFFEg e CK 0.0240+£0.0004°  0.023620.0002° 0.0250+£0.0002°  0.0263+0.0009*
S 0.0109+0.0002°  0.0150+0.0002° 0.0147£0.0001°  0.0152+0.0001°
SH 0.0173£0.0002°  0.0203+0.0007° 0.0211+0.0001° 0.0211+0.0010°
WL 900 CK 0.0327+0.0008* 0.0360+0.0010° 0.0381+0.0018" 0.0406+0.0001°
S 0.0201£0.0005°  0.0279+0.0003¢ 0.0285+0.0012°  0.0295+0.0002°
SH 0.0281£0.0005°  0.0314+0.0010° 0.0338+0.0002° 0.0332+0.0002°
T P<0.05

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).
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Fig. 1 Effects of Hemin on growth of rice
seedlings under NaCl stress (The third day)
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Different lowercase letters indicate significant difference among treatments (P<0.05).
B 2 5ME hemin X NaCl B8 FRFEM F &k E

Fig. 2 Effects of hemin on leaf water content of rice leaves under NaCl stress
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% 2 4ME hemin XF NaCl BB TREHER R LKA 0D

Tab. 2  Effects of hemin on growth of root growth of rice seedlings under NaCl stress

bR R bt Jb 3T A] Treatment time/d
Index Variety Treatment 3 6 9 12
WAEMKE/cm  #IEL CK 739.38+0.90° 643.57+4.14° 811.35+22.66" 940.41+22.89"
S 512.48+5.33° 481.41+1.66° 534.13£9.49° 662.64+8.78°
SH 689.40+56.64° 634.82+16.58° 722.64+30.49° 733.66+1.15°
WAL 900 CK 1239.45+21.57° 1272.74+29.24° 1380.38+56.39" 1383.84422.05"
S 857.69+12.40° 907.79+43.05° 1005.27+50.94° 1072.90+8.90°
SH 1110.95+53.11° 1047.83+8.96" 1237.53+23.31° 1212.65+1.37°
EAREREHH/em® S CK 196.99+0.48* 208.71+0.39* 210.40+3.86° 200.50+1.41°
S 106.32+0.53° 117.02+6.68° 113.07+3.18° 115.83+0.61°
SH 156.52+6.28° 159.02+1.81° 166.08+7.03° 162.89+0.10°
WHAL 900 CK 213.35+0.26 239.53+3.49° 234.72+5.15° 230.79+16.60°
S 152.15+6.74° 186.25+3.10° 174.24+3 40° 171.17+4.19°
SH 177.05+1.10° 220.33+3.40° 191.61+4.34° 222.83+8.85°
SARAE R em? Witk b CK 3.77+0.01° 4.05+0.01° 5.06+0.76° 4.18+0.22°
S 1.80+0.09° 1.65£0.25° 2.23+0.60° 2.74+0.19°
SH 2.60+0.21° 2.89+0.19° 4.0120.22° 3.57£0.15°
WL 900 CK 5.27+0.18° 6.21+0.07° 6.62+0.12° 6.3120.61°
S 2.66+0.37° 3.42+0.15° 4.06+0.10° 4.03+0.39"
SH 3.70+0.08° 5.30+0.08° 5.94+0.38" 5.7340.17°
AR Al b CK 2106.00+121.06° 2836.00+45.03° 2456.67+113.85" 2846.00:+49.94°
S 1175.33+98.39° 1305.00+66.49° 1461.50+12.41° 1778.50+97.76"
SH 1910.00+247.73" 2320.33+31.84° 2116.33+105.88° 2640.00+133.37°
WP 900 CK 3328.00+166.11° 3479.33+166.12° 3634.67+136.19" 3453.67+168.41°
S 1892.06+14.40° 2246.33+14.40° 2457.67£79.39° 2653.33£17.70°
SH 2476.67+222.74° 3189.00+222.75 3418.33+243.34° 3165.33+56.29°

T RAEEE A R/NG PRSI 22 5 B2 (P<0.05) .

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).
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Fig. 3 Effects of hemin on SPAD and gas exchange parameters of rice leaves under NaCl stress
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Fig. 4 Effect of exogenous hemin on membrane damage and ROS content of rice leaves under NaCl stress

- CK S SH

BEET CK, SOD £ 9~12d. POD #1 APX 7£
12d B ERT CK.o DL b4 5 3 00 i X A0 AL 3A
S A 007 ST - K7/ DYt S IVR - O 8 A1) /=1 Uik =7 STE
IR A3, AEP T AL R S B . it
[T hemin AbPEIE— 4R 2 FlUKRE R 4L
ARG M, b d AR 5 SH AR PR S 4b 3 SOD
TEPEAE 3~12 d B3 FTF 3.37%~13.87%; POD i
PEAE 3~9 d B g 2510 8.92%~18.46%, 12 d Hif 4
i 24.57%, AR AEE; CAT WEMHAE 3. 6d
I B B 9.73%F1 6.57%; APX WHPETE 3~12d
FE FTF 14.34%~27.70%. WF L 900 SH Ab BHEE
S ALFHAY SOD K HEAE 3~12 d [T} 3.53%~15.38%;
POD {ETETE 3. 9 d A0l i 3N 6.99%
3.92%; CAT i&PELE 3. 9. 12d W35 i & 42
7.17%. 9.81%FK1 4.89%; APX IGMHTE 3~9d B &
Tt 14.94%~21.20%. 16H] hemin HEGZ3E 5% NaCl
Jilp3e R AR b R A 900 AK ARG 4N 1 BBt AL

B 5 4ME hemin 3f NaCl i TkBEHHFEBRBET (0,7)

HHPIE900

®i ($E3X)

Fig. 5 Effect of exogenous hemin on O,-of rice leaves under NaCl stress (The third day)
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Fig. 6 Effect of exogenous hemin on antioxidant content of rice seeding under NaCl stress
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Fig. 7 Effect of exogenous hemin on contents of soluble protein in rice leaves under NaCl stress
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Fig. 8 Correlation analysis between the measured indicators of Huanghuazhan
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