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Abstract: In order to clarify the regulatory effects of melatonin on maize yield and starch

granule distribution under high—temperature stress during the grain filling stage, the maize
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hybrid AK985 was used in a field experiment conducted from June to September 2022.
Under natural high—temperature stress during the grain filling stage, different
concentrations of melatonin were applied. The effects of melatonin on maize yield, starch
particle size distribution, starch viscosity parameters, and related enzyme activities under
high—temperature stress during the grain the filling stage were studied. The results showed
that melatonin significantly increased grain weight and grain yield of maize under natural
high—temperature stress during the filling stage. With increasing melatonin concentration,
both grain weight and yield increased first and then decreased. Compared with the control,
melatonin treatment reduced corn kernel protein content while significantly increased grain
starch and fat content. Additionally, melatonin significantly decreased the volume and
surface area proportions of medium—sized starch granules, increased those of large—sized
starch granules, with no significant effect on the number proportions of medium—sized and
large—sized starch granules. Among the treatments, peak viscosity, trough viscosity, final
viscosity, breakdown value, and setback value of maize starch first increased and then
decreased with increasing melatonin concentration. Melatonin significantly enhanced grain
AGPase and SS enzyme activity, with the MT200 treatment showing the highest values.
Under natural high—temperature stress during the grain filling stage, melatonin treatment
elevated the volume and surface area proportions of large starch granules, and subsequently
increased kernel starch content, contributing to higher kernel weight and yield. The optimal
effect was observed at a melatonin concentration of 200 pmol/L.
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Fig. 1 (a) Daily maximum and minimum temperature variations during the grain filling stage of maize;

(b) Daily temperature variation (August 7th)
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Excel 2016 A1 DPS 7.05 F T 45 19 5 3 5 43 B7 , origin 2018 il &, I 5k A LSD & i#F 47 4b 2 7]
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LA 7E AR BRI T, AR R A0 BT g 3 B oK R . 5 AR L, MT 100,
MT200 . MT300 Ab BT B8 Bk 7= 0 59 08 23 90 hy 92.53% . 134.81% . 111. 84 % , 1 i 5 14 i@ 43 51
9.88% .17.54% 9. 65% , 17 ki E 34 W& 43 51 Ky 41.49% . 54.26% .36. 17 % , 4t H& 2% 42k 38 X6 3% & b i
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Tab.1 Effects of melatonin on yield and component factors

LN ARAT 4 A7 45 2 BEE/g B E/g
CK 13.50 &= 1.00 a 23.50 & 2.52b 30.05 + 0.83 ¢ 74.57 & 23.74 b
MT100 14.00 4= 1.63 a 33.25 £ 1.89a 33.02 £ 2.39b 143.57 & 28.20 a
MT200 14.00 4= 1.00 a 36.25 + 2.63a 35.32 £ 0.56a 175.10 & 16.59 a
MT300 13.50 4= 1.00 a 32.00 £ 2.16 a 32.95 4+ 1.27b 157.97 £ 19.90 a
F 14 0.23 13. 12+ 9. 63%x 8. 14%x*

EHBEAFHM L AALELE RANRRADNEFHFARTERARLEZAKRF(P<0.05);%,P<<0.0l, TAR.
2.2 FFRLE R

t 2 0] UL, A 4K R B0 R, AR R 3K A S N T AR VE B LR D S i, BRI TR R AR 1 R
Frik . S5 EH e, MT100 . MT200 &b B T A7 R0 8 1157 & 49 0 B IR 11, 88%6 . 13.13% , MT300
Ab B R ORF R BT S RGN T 21, 10%, 3 Ab BT ORF R UE By & A 43 BB m T 5.86% .10, 14 % |
5.0% o ULBH H AR m iR 38 T, AR 2 2K Ah B B0 T ORFRL b yE B AN R B S, P MT 200 4b 2R
TORFRLTE R A i R, MT 300 40 B AP RS By & & .
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Tab.2 The effect of melatonin on the content of protein, starch, and fat of maize kernels

LS Fames & W o & e g

CK 11.20 = 0.50 a 3.27 £ 0.35b 70.00 & 1.82 ¢
MT100 9.87 = 1.20b 3.70 £ 0.17 a 74.10 = 1.51b
MT200 9.73 = 1.10 be 3.65 + 0.43 ab 77.10 & 1.54 a
MT300 10.50 = 0.30b 3.96 £ 0.14 a 73.50 = 1.13b

F1& 13. 28 5.45% 26. 34%*

E:*,P<0.05, TARF,

23 EMHRES

2.3.1 EABEKRRSA B 3T, B R AN KRR AR TR A B . 7R R ORTE R
PARFRE e AN E R R 7 7. 28%0 ~ 7.620% , B TE M RL i 52. 0190 ~ 59. 73 %, K I TE # ki
i 32.80% ~ 40.71% , AT WLAE oK 3& Fy R AR B, v B0 g 5 R 3 B 2H RCER 3, KR UE A kL IR
Z NI GERRL G D o A SR E TR G R, 3 4R A 2 vk B A /N R S kL A AR 5 B E
F R AH S RIS R U R R A A RR A A, BG R R BE Ry R A AR B A . 5 X R T,
MT100 . MT200 Al MT300 4k 3 f5 v 8 JE #3 R AKR FR G be 43 5 IR T 10. 5896 .10. 36 %6 .12.92%,
T R AR B F A B T 18, 84%6 . 18.87% (24, 12% . Al ULl B 2% 4 P S B9 E K K
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Tab.3 The effect of melatonin on the volume distribution of starch granules

o R
2 78 D[4,3]/pm
DA< 3pm)/% FAR(3~18pum)/%  XE(>18pum)/%

CK 7.48 + 0.22a 59.73 + 2.31a 32.80 + 3.23a 14.29 + 0.91b
MT100 7.62 + 0.13a 53.41 + 2.82b 38.98 4+ 4.91a 15.78 £ 1. 26ab
MT200 7.47 £ 0.25a 53.54 4+ 2.51b 38.99 + 4.07a 16.10 £ 0.78a
MT300 7.28 + 0.23a 52.01 4 3.99b 40.71 = 4.73a 16.70 £ 0.55a

FA1i 1.3 4. 00* 1.97 3. 79%

232 whEEAGRSH R AAE, AR R B 25 0 FOKAORR T A AT . TR EOKTE R
B T AL Y, N YE R R 5 B R 43.91% ~ 45.57% , s B GE By k5 R 40.39% ~
44.86% , 1 R ARLTE R R 5 o 11,2390 ~ 14. 04 %, 26 WA A6 303 RL A 26 1 AR 20 A v, op /N B0 3
R AN . AR ER AT AN R v B AR B FR A B G /N T R 2R TEFR o b G B 3 AR
ANERTE 4 3 G R R TR BN TR AR . b | I NEi U RIc i AU ST Rl R O AT TR AEY i A1 ]
TR SR A2 A7 Fr s K, 5 % BEAE B, 4 MT 100 . MT200 F1 MT300 4k 3 J5 , w51 3 Hy % 22 18 FR
o7 LAy I REAR T 9. 14%6.9. 96 %6 . 8. 31 %6 , R 7Y 3 Ay R 2% 1T AR 7 LE A i B T 23. 2496 .25, 02%
24.31% o X U B A R 2R Ab P S E R RL 2 BT AR (D3, 21) A 38 2 B Sk K 780 3 by br 2% 1T AR
o7 BB Y .

233 mEhHEHKEHA MESTH,TE EKIER R ECE 54D, /N BE R kLS 97,7800 ~
98.08% , H AU yE M A (5 b 1. 86 %6 ~ 2. 15% , RAYE By kL (i L 0. 06 % ~ 0. 07 % , 156 B /N B 3 3 bir
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Tab.4 The effect of melatonin on the surface area distribution of starch granules
432 W Ay K AL AR D3, 2]/pum
DA< 3pm)/% FA(3~18um)/%  KA(>18pm)/%

CK 43.91 + 0.51a 44.86 + 0. 64a 11.23 £+ 0. 24b 7.69 £ 0. 20c
MT100 45.40 == 0.99a 40.76 £ 2.26b 13.84 = 1.19a 7.83 &= 0. 10bc
MT200 45.57 = 1.70a 40.39 + 2.70b 14.04 + 1.01a 8.21 + 0. 19a
MT300 44.92 + 0.52a 41.13 + 2.74b 13.96 = 1.70a 8.10 4+ 0. 21ab

F1& 1.52 13. 27 4.13* 5. 28%

x5 BEEXNEREMHBESAHZMN
Tab.5 The effect of melatonin on the quantity distribution of maize starch grains /%
s R4 g 1
DA< 3 pm) P A (3~ 18 pm) RE(> 18 pm)
CK 97.78 &= 0. 10a 2.15 4 0.09a 0.070 + 0.008a

MT100 98.06 4= 0.48a 1.88 = 0.47a 0.063 £ 0.010a

MT200 98.08 £ 0. 56a 1.86 == 0. 55a 0.060 == 0.010a

MT300 98.08 4= 0.52a 1.86 #+ 0. 50a 0.060 = 0.017a

F14 0.31 0.31 0.48

24 EMHESH
FEE 6T 0L, AR MRl T, AR 2R AL H S B OKBE B S 50 3 1 0, LR AR PR R R Y
oL FE SRR RN BEE . 5XFEA L, MT100 ,MT200 il MT300 4b # 5 £ K W H 55
JE T BRI T 36,0020 .40. 46 % (17. 25% AR A B B2 B BRAE i 1 34. 5826 .34.82% .16. 18%,
B 2B B R BRI T 29,729 .33.96% .7.93% o UMl HAR EIR MG R AR E AL B E R A
TVE Ml BN B A R SR, 7E MT 200 2 R, K B BE S 80k B i R .
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Tab. 6 The effect of melatonin on viscosity parameters of maize starch /cP
4 22 e {H 5 A& 555 2 K& FE s 4 A8 = I A

CK 629.0 4+ 18.38c 627.5 4 19.09¢c 1865.5 + 108.19b 1.5 4+ 0.50c 1238.0 + 127.27b

MT100  855.5 & 16.26a 844.5 = 21.92a 2420.0 £ 161.22a 11.0 &= 1.0b  1575.5 4 139. 30a

MT200  883.5 4 50.20a 846.0 + 25.46a 2499.0 + 66.47a 37.5 4+ 2.5a 1653.0 £ 41.0la
MT300  737.5 & 31.81b 729.0 4+ 21.21b 2013.5 &+ 47.38b 8.5 4+ 1.5b  1284.5 4 26.16b
F1a 39. 64%* 68. 02%* 25. 65%* 306. 13%*x* 13. 56

2.5 #FHI AGPase 01 SS I &5 iFE 14

M 2Ca) 0L, AR m IR B0 R, A SR AN B S T oK R RE AGPase B 15 P 2 BT 3, H FE
A8 T2 v I G 0 52 A TS R G B e, Hodh MT 100 AT MT 200 5 %) B8 22 5 i 2%, MT 300 4k B G
WE 2 5 . MTL100 Al MT200 &b B % %5 & 4 51 34 T 47.63% M1 56.47% . MT100 4k 2 5
MT200 &b B UG b 35 22 5 o U B o S 2 Ah 38 A 384 i k7 R H AGPase Bl 3% £ , LA MT 200 &b #4241
M & 2(b) Af W, [ 4K w3 R, MT 100 F1 MT 300 4b B 5 K kK SS i i P 4 % B G i %5 2%
S, MT200 4b 31 5 K B2 SS G PER N 7 31.27% , A B E S B FE A W AR S EWE T,
MT200 &b ¥ A7 F) T A FF KL SS g6 M/ 42 7 .
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Fig. 2 The effect of melatonin on the enzyme activity of AGPase (a) and SS (b) in maize kernels
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PR, BT AT B AR Ak 1 R B 2R Ak B S B o 4 ks E 0 7= 3, Hesh MT 200 4k
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