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Alleviative Effect of Exogenous Melatonin on the Root

System of Maize Seedlings under Drought Stress
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Abstract: This experiment used drought resistant maize inbred line Zheng 58 and drought sensitive inbred line
E28 as materials to study the effects of exogenous melatonin on the root growth and physiological and biochemical
characteristics of maize seedlings under drought stress. The results showed that compared to drought stress, the ap-
plication of 75 pwmol/L melatonin significantly promoted the growth of maize seedling roots. The total root length,
number of root tips, root volume, and root surface area of Zheng 58 significantly increased by 47.22%, 12.69%,
39.29%, and 18.9%, respectively. Similarly, for E28, these parameters increased by 51.06%, 54.78%, 44.74%, and
81.44%, respectively. External application of 75 pwmol/L melatonin can significantly alleviate the damage caused by
drought stress. The activities of SOD, POD, CAT, APX enzymes, soluble protein, soluble sugar, and proline in
Zheng 58 increased by 72.94%, 22.43%, 110.52%, 79.77%, 10.94%, 13.63%, and 19.35%, respectively; and that
of E28 increased by 66.82%, 13.25%, 81.25%, 51.82%, 7.25%, 34.10%, and 33.22%, respectively. Moreover, the
degree of membrane lipid peroxidation in the two maize inbred lines decreased, and the expression levels of antioxi-
dant enzyme genes SOD, POD and CAT were significantly up—regulated. The results indicated that melatonin can re-
duce the damage caused by drought stress and enhance the drought resistance of maize.
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1.5 HELESHH
K FH Microsoft Excel 2007 #4755 4811, % H
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Primer sequences of antioxidant enzyme gene and internal reference gene

ARy

Forward primer sequence

2 RN

Gene name

TS

Reverse primer sequence

SOD 5~TCACCCAAGAGGGAGATG-3"
POD 5~CCACGTACACCTACCTCC-3"
CAT 5~CCGAATCCAAAGACCAAT-3"
Actin 5-TGAAACCTTCGAATGCCCAG-3~

5-TTGCTCGCAGGATTGTAG-3"
5=GCTTTAAGCCCAATTCCT-3"
5-~ATGCCAACATCGTCAAAGAG-3"
5-GATTGGAACCGTGTGGCTCA-3"

2 ZER550HT
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MR 2 LE L, TR A £k B s8R
H 58 Fl E28 #id R 457 2 T AR EE (1931477, PEG 4b
PR BRAR L, SR 53 5010870 54.67 % F1138.45%
(P<0.05), #R I H 53 5119 /b 33 9% F1 48.35% (P<0.05),
HRAARFH 3 510820 39.13 % 11 50.65 % (P<0.05) , # ¢ 1fif

FRA3 56 /1 26.7 % F11 46.35% (P<0.05), HMEAR B %
REME A S R T R TR YR R A, 5
PEG ZbFEAH L, MT Kb BEXR 58 BAR (HRASEL AR A
FH ORI AR 5% 11 AR 43 0] 35 14 0 47.22% . 12.69%
39.29% 1 18.9% ; 28 AR ARREL AR AT AIAR
FETHIFR 3 91 8 2 1 51.06% . 54.78% 44.74% Fl
81.44% ., Z5HFU SNt il 2B 2L RRIS IR FORA B
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Table 2 Effects of different treatments on root morphological indexes of two maize inbred lines

Ok it SRR (em/Fk) HRIEL(A/BR) HRAF (cm78E) AR (cm’/8E)
Material Treatment Total root length Root tips Root volume Root surface area
#0558 CK 293.25+43.64 a 564.67£59.34 a 0.46+0.01 ab 39.62+0.61 a
PEG 132.92+36.62 ¢ 378.33+56.96 b 0.28+0.07 ¢ 29.04+3.88 b
MT 301.14+3.60 a 539.00+56.03 a 0.49+0.03 a 40.59+1.25 a
PM 195.69+27.87 b 426.33+48.81 b 0.39+0.04 b 34.53+8.13 ab
E28 CK 515.78+54.41 b 999.00+70.87 a 0.77+0.08 a 51.41£2.89 b
PEG 317.44+81.72 ¢ 516.00+£72.02 ¢ 0.38+0.16 b 27.58+3.99 ¢
MT 666.22+46.63 a 1049.33+65.96 a 0.76+0.05 a 60.09+5.33 a
PM 479.51+£40.84 b 798.67+£58.53 b 0.55+0.09 b 50.04+4.37 b

T B PR ER IR o AN B2 ) — Sl RIOAS [l A 30 8 2 55 . 35(P<0.05) . T2l

Note: The data are expressed by meantstandard error, different letters have significant differences(P<0.05). The same below.
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P, 5T 5 a AH H, MT 4 348 58 ) SOD . POD |
CAT 1 APX BT 43 3G I 44 % .19.05% .42.50%
H126.11% ; E28 11t SOD . POD . CAT 1 APX Jiff 17 14 43
W40 40.33% . 20.5% . 62.07% F143.51% , Hor,
POD Ak Bl 3% 25 55K . ROk REUR A 52
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Note: The lowercase letters in the picture show significant differences in the level of alpha=0.05. The same below.

E1 AREAETENERRMREAELEETENTL

Fig.1 Changes of antioxidant enzymes in maize seedlings under different treatments

®3 BIMEKRBDAHLELEEHRELBHZEERZME

Table 3 Interaction effects of antioxidant enzymes between different treatments of two maize varieties

[ 4 T BFETEPE)  Significance(P value)
Variety Treatment SOD POD CAT APX
58 CKXPEG 0.008 13 0.120 0.002 3% 0.041 0%
PEGXPM 0.047 0% 0.160 0.028 0 0.220 0
PMXMT 0.002 27 0.130 0.005 1% 0.037 0%
£28 CKXPEG 0.035 0 0.200 0.2100 0.170 0
PEGXPM 0.041 0% 0.180 0.045 0 0.041 0
PMXMT 0.009 27 0.036* 0.004 47 0.008 8

ek T3 IFRIRTE0.01.0.05 K FEFRE ., FEF,

Note: ** and * represent significant differences at probability levels of 0.01 and 0.05, respectively. The same below.
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Fig.2 Changes in root MDA content, H,O, content, and plasma membrane permeability of
two maize cultivars under different treatments
F4 BWOEKRBDAHLELLE B RREENZEERZMT
Table 4 Interaction effects of plasma membrane permeability between different treatments of two maize varieties
mh Fif ab B [ AR LRSS =
Variety Treatment MDA H,0, Relative conductivity
#0558 CKXPEG 0.002 3** 0.008 2% 0.004 9**
PEGXPM 0.001 2%** 0.004 7+ 0.001 4%
PMXMT 0.1400 0.007 2% 0.3500
E28 CKXPEG 0.009 8** 0.009 0%** 0.007 3#*
PEGxPM 0.260 0 0.006 8+** 0.4100
PMXMT 0.025 0* 0.005 5%* 0.009 1#*
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Fig.3 Changes in soluble protein, soluble sugar, and proline contents in the roots of two maize varieties under different treatments

x5 BWIMEXRBAHAELEENSEATYRHZEERZM
Table 5 Interaction effects of osmoregulatory substances between different treatments of two maize varieties
I EPE(PE)  Significance(P value)
bl A PO

Variety — A TR R

Soluble sugar Soluble protein Proline
558 CKXPEG 0.3300 0.001 7%#%* 0.001 5%*
PEGXPM 0.1200 0.190 0 0.005 3#%*
PMXMT 0.270 0** 0.007 8*%* 0.006 0**
E28 CKXPEG 0.4400 0.046 0* 0.001 4%#%*
PEGXPM 0.5100 0.025 0* 0.007 3#*
PMXMT 0.002 5%* 0.007 0%** 0.001 8*%*




62 £k OB ¥

33%

TET 2T, A oK A 28 AR Z 1037 5 i
RIR & LI, 5XIEAHEL , PEG AL BEKE 58 Ail
E28 3 1411 43.09% H173.97% . H1ii 1 2 25 (441G
Tl ERER S, RS B K. TR MNE T
JRR R 2R AT S TR B i, 5 T A EEAE
o, PM 4k B S 58 i E28 43 # b JF 19.35% Fi
33.22% , H 2R H 22 R E28 T B 3 ok, R
SNt AR R G E28 SR ) T R WA SR B

H1 % 5 RTHT, ¥8 38 R T W I (T P i
ATR)ZZ b T (BT F K H A FRAB 58 FAHURE K A
22 Z E28)FIL B ] (CKXPEG) A2 H.AE FH 14 5 3 5 iy

(P<0.05).
25 MNEBEZRMNERREZMEUBEERRIELE
=0pA1]

| T ok recEE MTIEE ™M

SODA A 23 it
_ Relative expression of SO/

58 E28
HAZZ % Inbred lines

CATHIAS ik B

Relative expression of CAT

|

F 1 4 T 0, i 2 2R A BSOS 58 FIE28 B4R
LR FE R SOD . POD ,CAT 323583 B, Kk i
FAV . TR P E AR RN Rk 3
P, 5 CK A kb, PEG 4b ¥ B 58 A4 bt & Ak il 3 (A
SOD. POD. CAT ) 3% ik & 47 5 ¥ Jn 119.21%
78.41% \143.63% ; E28 it A fL B 3L K SOD . POD
CAT W 3 35 & 45 7l B8 141.22% . 112.31%
110.47% o At 28 2] I 38 2% A+ S a5 R 1)
B0, B WIAS H 22 R AR BT E AL R SOD |
POD \CAT W) R ¥ — 2 b, o, M b3
FR 58 43 5ll4 11 20.33% .9.88% 43.79% ; E28 43 7|1
h139.13% .21.14% .27.27% , H. 58U H 3¢ % E28
14 5 PR 3R 3 b ] I R O, SR AR PR R X E28
TR0 T M AACR N 2%

1 o] el M
il

PO A 324450
_ Re_}_ative E:KP[‘ESIE_iiOH:_I'J'Ff_’_l’)f)__

BN
Inbred lines

HAAR

| T ok e v

H3Z % Inbred lines
B4 FEMENESEKESTRRAAAUBEERLRODM

Fig.4 Effect of different treatments on the expression of antioxidant enzyme genes in the roots of two maize inbred lines
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Note: 1, Epidermal cells; 2, Cortical parenchyma cells; 3, Endothelial layer; 4, Middle column sheath; 5, Phloem; 6, The xylem; 7, Middle conduit.
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Fig.5 Microstructure of root tips of two maize inbred lines under different treatments
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