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Effects of Melatonin on Physiological and Biochemical Characteristics of
Oats in Shading Environment

DONG Bo-wen, WANG Yi-ran, QU Shan-min”

(Key Laboratory of Efficient Utilization of Feed Resources and Nutrition Regulation in Cold Regions of Heilongjiang Province, College of

Animal Science and Technology, Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang Province 163319, China)

Abstract: This experiment aimed to address the problem of growth inhibition of Avena sativa 1.. under shading
and low light conditions between photovoltaic panels. Using ‘Kona’ oats and plant regulator melatonin (MT)
as materials, treatments, including a normal light control (CK-Z), a shading stress control (CK-F), and treat-
ments with 20, 40, 60, 80, and 100 mg-1." 'melatonin (MT) sprayed under shade a pot experiment were con-
ducted. The growth and physiological indicators at 30 and 50 days after emergence were measured, and the
regulatory effect was evaluated by correlation analysis and membership function. Compared with CK-Z, CK-F
significantly reduced oat stem thickness, dry weight, and antioxidant enzyme activity, while increasing plant
height, fresh weight, and MDA (Malondialdehyde) content (P<Z0.05) ; Spraying MT could improve its
growth physiological indicators, with a significant positive correlation between stem thickness and fresh weight,
dry weight, etc. (P<C0.01), a positive correlation between SOD (Superoxide dismutase) and plant height (r
=0.075, P<C0.05), and a negative correlation between MDA and dry weight; The membership function indi-
cated that the comprehensive evaluation value (D==0.89) was the highest when treated with 80 mg-L."' MT
for 50 days. Exogenous MT enhanced the antioxidant system and alleviated shade stress. The optimal combina-
tion of 80 mg+L ™" MT treatment for 50 days provided a solid theoretical basis for improving oat shade tolerance
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and grass cultivation in photovoltaic areas.
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Table 1  Test soil and soil geographical position

R R i A5

- B L S Sampling site

FLy 1K D N/IPN IS SRS NP /N T AN E

Datian under the photovoltaic panels of the National Photovoltaic Power Station in Datong

District, Daqing City, Heilongjiang Province

Soil back d N ; :
Off DACKBIOUNT gy g iy 1 Geographical location

46°55'N,125°15'E

FHEH AR Soil type

) A5 + Meadow chernozem

T HEE bR

Soil indicators

4 Total nitrogen
4 Total phosphorus
24 Total potassium

£ %W Available phosphorus
A RAHN Available potassium
pH 1 pH value

1.903 g-kg ™!
0.656 g+kg !
19.2 g-kg !
252 g-kg !
25g-kg !
7.86

1.2 REFHE
1.2.1 &K%t RETEETN—KRRKED
AT o BEIURFRL G | 3% I 58 U 1) e AP

B 40 b HEZ PP T SRR TP (A RS A
K X5 X B =45 em X35 cm X 13 cm, - | 13.5
kg) , 76 4% T 15 B FT 1 5 6 IR 3 X O IR — 0 B
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B F o P P R, SE IR T S B W . fF
iR ERKE T AR R EE M 208K, 7E— F H
B &l SR 8 A BE AL SR 52 T, 43 i d e A
W T W il AN [R) ok B2 MUT e 88 4 8 oy 20,40, 60, 80,
100 mg-L "), 4 i — Y 36 0 vk, IF 8 B X6 B4 (CKO
Wil 45 e 2% R K CIE %O BT CK-Z, B il i3
CK-F), 3t 743, B4~ b B E & =, 3631 214
AbEE R A 30 d 50 d I AT AR K AR HLES AR
ME S
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r e A A B AR — B 86 22 A Bk 10 MR R AT DU A2
T A A PR A FA A — B e A A PR 10 Bk 2R AT
I DAEIE 3 E E S AN 70 N ANIND NS 00 D= SR DRER 6 7S
7 S= NN 52 N Iy 1 o SRS N N 61 N R 1
KT, A bR B I E 3K, P
¥iA .

A= AR bR R T AR K B 5 D 2 o AR Ak ) T
(Peroxidase, POD )% ¥ 5 SR FH 0 10w 12 1) 7 i 4
Ak Wy 157 Ak B (Superoxide dismutase, SOD) i 1 ; 2K
FH 28 A W i gk ) 5 o 4 Ak AUl (Catalase, CAT)
PR 5 >R A AR T bE 22 12 v D 7 TR — 1% (Malondialde-
hyde, MDA) & & 5 5% IR PE B = Bl Lt €& 32 000 5 filf
2 (Proline, Pro) & it 5 2% I 28 A W ic 32 I 5 470 3R
1fi. #R it & 1k ¥ B (Ascorbate peroxidase, APX)
T

1.3 #\HH

I 30 KA R JH Excel 2019 %K 74 £ 47 45 14 7
I SPSS 26. 0 k47 $H ab B % 2 P4 % J7 2 43 7
i FiI Duncan % 3 47 £ 5 425 F 1 Origin 5 £F
TTEFRL .
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i=1

U(X) = (X — X/ (X — Xjar)
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A D, RN a A e JE A R T A% 1 Ak BT e
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BRI 5 X0, N5 a WY S A A E 5 X
I X 73 991 S0 555 A 22 853 09 g /0N {EL A B R
U (X)) o 3 103 R 5% 6 1) SR D pR 01

2 ER5HMH

2.1 WEHE MT X i ik & 4 KB FR A 22

2.1.1 "FAEMTXH&EEZHG EH T RER
oE R E e e ANEHE MT A 3 B i S T
e S Mk v R R LT TR0 BIORN Y R R Y R n [ 1 BT
o TERR ST (B A, 5 IE # 6 B R4 (CK-2)
AHEE , T i W a0 %k B 4 CCK-F) 78 W§ it 100 mg- 1.7
MT J& 30 d it 5 CK-Z A 8 3% 22 5 (P<<0. 05) ; #£ B
Jiti 80 mg-L 'MT J5 50 d it 5 CK-Z f5 I % 2 F
(P<<0.05) H ik 35 KMH . 762507 1w (K B, 1
il 38 Xof B (CK-FO /Y 22 M7 30 d 150 d i 34 12
FAR T IE WO B B 2H (CK-72) (P<<0.05), Hirp,
WP R 80 mg- L'k b FH 41 R A b 3, HZEHL
WEETHAMA MT 4 B4 K& CK-F 4 (P<
0.05) £ [al 4 B Jy i CE C) , B i W a8 X iR 41
(CK-F 9 [ 3 1835 i T IR G IR IR 2H (CK-2)
(P<<0.05, MEmiEMT 5,20 mg-L '540 mg-L ™"
b BEAL R ALK S CK-F 400 b 6 B 3% 22 5% .
80 mg- L~ AbFHZH Yy A< B (i 2 i T A AL B A (P<<
0.05) . FET5 (M %007 i (Bl D), 60 mg- L Ab 41 5
Vi) 250 i 2 U A A 3 AL A A W]k B MET Ak 2
5 38 X IR CCRK-F) AR Fo , % 388 22 19 1 18] %4
By = i R

2.1.1 WAMTHHHREET EFRGETOH 0
i I8l 2 AT, CK-F 4478 30 d A1 50 d i 5 g KT
CK-Z 4 (P<<0.05) , fif & & 3 & T CK-Z 41 (P<<
0.05) . 7EMWEAS [ M BE (1 MT Ji5 , 1 5 i fif i Bl
MT ¥ BE Tt e 1 22 1% 14 K, IF#F 80 mg- L~ " ik 3] i
KAH, W 358 T HoAth b #4H (P<C0. 05)
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Fig. 1 Effects of MT spraying on shaded oat plants’ stem height (A), stem diameter (B), internode count (C),

and internode length (D)
T CK-Z 378 1E 8 6 IR+ Wi 251 /K 5 CK-F 2738 6 199 Ak 38+ Wi 28 098 /K s AN IR) /NG 5248 3 7 ) — I 1) SRS [ b L TR] £ 0. 05 /K 7 22 57 8. 3%

Note: CK-Z stands for normal light+spraying distilled water; CK-F stands for shading treatment—+spraying distilled water; different lowercase

letters indicate the difference between different treatments at the same time point at the 0. 05 level
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Fig. 2 Effects of spraying MT on dry weight(A) and fresh weight of shaded oats(B)
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Fig.3 Effects of spraying MT on SOD(A), POD(B), CAT(C) and MDA(D) of shaded oats
2.2.1 k& MT X #k#& &t F Prod 85 APX 21 (CK-Z) 9 APX & & I 35 1K T 38 15 XJ B 41 (CK-
EHEE H ok S [E] MR MT Ab B X B 4% 1F T e F)(P<C0.05) . #£ Pro {if ¥ 77 i (& B) , Wi jii MT
E R Pro &85 APX JE M09 =2 0 an & 4 R - Je , Pro & im i Wk 38 i 52 e T B R R R Y R
16 APX & & 7 i (& A)D |, A8 40 31 30 d i), i g s [ A A MT-80 &b B i) 35 3| W . #F &b ¥ 30 d B,

i MT J5 APX & L 2218 FI#ad, 778 MT-
100 kb BHEF 35 3 B KMH . = 50 d B, 1E % % B8 X iR

1E 't R0 R 2H (CK-Z) 9 Pro i1 1 18 35 A% T 1 B
Xt B4 (CK-F) (P<<0.05) . % 50 d if , CK-Z {1y
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Fig.4 Effects of MT on Pro(A) and APX (B)of shaded oats

W5 B MUT X T e 7 2 & TS AR A K M 4 4
RPRGEANTR e BE MUT b 3T JH8 22 4% ) 45t 448 A7 1]
M TE G &R, XA AR AR aE A7 T M e ko B o 45 R
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Table 2 The correlation coefficient matrix between the test indicators
Ph St SDW SDW NI 1L SOD MDA POD Pro CAT APX
Ph 1 . * . * . * Kk . *
St 0.040 1 s sk sk s - sk sk o oo
SDW 0.017 0.008 0.022 1 ok *k ok *k Hkok Hokk *ok
NI 0.082 0.009 0.001 0.033 1 Hkk oAk Hkk *ok *k * Hkk
1L 0.048 0.000 0.002 0.012 0.006 1 roxk *x Hkok wkk *kk
SOD 0.075 0.007 0.001 0.030 0.000 0.004 1 Hokk Hkok *k * Hokk
MDA 0.106 0.016 0.005 0.045 0.002 0.012  0.004 1 *k *k * Hkk
POD 0.032 0.001 0.006 0.007 0.012 0.002  0.009 0.022 1 Rk Hkk
Pro 0.016 0.006 0.018 0.002 0.027 0.009  0.023 0.041 0.003 1 *ok
CAT 0.318 0.144 0.104 0.213 0.084 0.130  0.091 0.065 0.157  0.202 1
APX 0.068 0.004 0.000 0.024 0.001 0.002  0.000 0.005 0.007  0.019  0.100 1

T ek ok 2RI R 196,5%,10% 19 8 5 PEKF  Phol ki, St ZE 0L, SDW T8, SEW R &EF, NT A5 M5, 1L 45 (8K %, SOD
B ALY B AL TG MDA TR %, POD it ALY , Pro J I R . CAT Hy it UL S0 . APX 0 08 I 7R ixt 4 Ak 4 i

Note: ***, ** and * represent significance levels at 1%, 5%, and 10%, respectively. Ph denotes plant height, St represents stem thick-

ness, SDW indicates shoot dry weight, SEW represents shoot fresh weight, NI stands for internode number, IL represents internode length,

SOD is superoxide dismutase, MDA is malondialdehyde, POD is peroxidase, Pro is proline, CAT is catalase, and APX is ascorbate peroxidase

P A KA AR D, Bk (PhOAY 5 48 AL 17 1k
fitt (SOD) & P &2 i 2 1F A0 ¢ (r=0. 075, P<<0. 05),
IMif 5 25 M (SD) T 5 (DW) %5 2 5048 br L i & M
K, R G 2 BHE T & MBI F 125

T, FLER M AR AL R O R AE 2 B8 b b B AR B
ZEAL(SDO M5 Z A E K R A A b B2 0 25 1E AH G
B 5+ & (DW) | ff F(FW) 75 8] K B L) |
SOD 3 P 19 #H & 7 205 5 r=0. 666, r=0. 071,
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r=0.082,r=0.071(P<C0.1) . 7E kB35 45 )5 1 ,
SOD 7 M Bk 5 b 1 1IEAH C A1, i 5 250 55 48 75 4H ¢
W, RUILATREXHE MR Z & BA EmESERH. W
TEEMDA) RS TESARKERBRAE —E
9 QI M (P<<0. 1), WG 7R BB R o A R B 5 A K i
FEZ M AFENTERE R o BLAR 3020 48 bR gl A ) A 52
I AR OC T RE 2 HE AR B AR PR OC R i H
NES e A

Wt M 78 8 2 5 TR SRR £ 53 4
YR AR T TE M AR 3862 4 W0 544 £
06 P4 4656 3% 6 46 F5 017 1SR B RO BT . 26
(R 3 R A I8 BRI 6 4656 P 1 3 2 57

2.4

REET WA AERKER S RBIES S 4R
SR H AR . MEAE X MT 4% ¥ B (1) kb B3 B 15
T Az K A PR bR AR B — 48 bR JC VA 4 T R MT
M &5 AT SR . G, A B 9% Ok F SR8 R B0k &
fEAE PR R L, S @ R B R, A3 MT X% 48 b5 1
E 4 RO A 5 [ A B 25 5 PR D R S 2 4R B
5 o AR 3R AR AE 30 d A 50 d P AN B
Wy % R 40 CK-Z fil CK-F 5 MT-20, MT-40, MT-
60,MT-80, MT-10 kb F 41 F 45 b ¢ J ok £, IF4K
W DR A HEF o 30 d BF MT-80 il MT-100
Jre ST b 0 A BRR AR UL B . 50 d Ao R A e R 4 AR
e, Mo MT-80 Z 34 b SR & pR B 43 1, D ik
0. 89, B A ek .

®3I MTHBERZRERZDIERRERLSH
Table 3 Analysis of the membership function of MT for the indexes of shaded oats

b B R TR=) AT 3 b 3 Jm PR KU Membership function value of each indicator DI HEF
Processing days  Number — Ph St SDW SDW NI SOD MDA POD Pro CAT APX Dvalues Sort
30d CK-Z 0.00  0.28 0.00 0.20 1.00 0.00 0.54 0.70 0.15  0.00  0.00 0.05 0.24 13
CK-F 0.06  0.00 0.39 0.00 0.50 0.25  0.00 0.00 0.22  0.12 0.32 0.36 0.18 14
MT-20 0.10  0.15 0.58 0.02 0.58 0.30  0.49 0.95 0.21 0.06 0.43 0.00 0.32 12
MT-40 0.23  0.28 0.75 0.17 0.50 0.35 0.96 0.79 0.30  0.08 0.73 0.24 0.45 8
MT-60 0.28 0.31 0.77 0.21 0.00 0.59  0.90 0.49 0.49  0.15 0.83 0.37 0.45 7
MT-80 0.34  0.66 0.85 0.57 0.42  0.79  0.90 0.89 0.43  0.26 1.00 0.71 0.65 3
MT-100 0.56  0.20 0.60 0.52 0.50 0.55 0.58 0.57 0.34  0.11 0.27 0.98 0.48 6
50 d CK-Z 0.28  0.57 0.25 0.67 1.00  0.03  0.65 0.98 0.00  0.51 0.23 0.11 0.44 11
CK-F 0.44  0.29 0.81 0.42 0.50 0.35 0.38 0.55 0.20  0.75 0.25 0.35 0.44 10
MT-20 0.63  0.28 0.84 0.55 0.58 0.35 0.44 0.53 0.26  0.51 0.27 0.17 0.45 9
MT-40 0.68  0.70 0.89 0.67 0.50 0.33  0.29 0.77 0.74  0.68 0.31 0.52 0.59 5
MT-60 0.96 0.91 0.84 0.69 0.00  0.91 0.78 0.75 0.91 0.88 0.30 0.57 0.71 2
MT-80 1.00  1.00 1.00 1.00 0.42 1.00 1.00 1.00 1.00 1.00  0.30 0.92 0.89 1
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