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Abstract: [Objective] Investigate the synergistic regulatory mechanism of exogenous melatonin and nitrogen
application rate under high-temperature stress in sweet potatoes ([pomoea batatas) and enhancing yield and

quality formation, thereby providing a theoretical basis for heat-resistant sweet potato cultivation in the hilly and
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mountainous regions of southern Zhejiang. [Method] From 2023 to 2025, 3 exogenous melatonin
concentrations with 0 (M0). 100 (M1), 200 (M2) umol-L™" and 4 nitrogen application levels with 0 (N0), 75
(N1), 150 (N2). 225 (N3) kg-hm™ were established to investigate the effects of different treatments on
antioxidant enzyme activities, membrane lipid peroxidation, photosynthetic characteristics, carbon and nitrogen
metabolism, root morphology and physiology, yield, quality, and economic benefits of sweet potato leaves
under high-temperature stress. [Result] Under high-temperature stress, the activities of superoxide dismutase
(SOD) and peroxidase (POD), net photosynthetic rate (P,), maximum photochemical efficiency (£,/F,,), as well
as the activities of nitrate reductase (NR), sucrose phosphate synthase (SPS), and sucrose synthase (SS) in sweet
potatoes leaves all exhibited a decreasing trend with the prolongation of stress duration, while the
malondialdehyde (MDA) content continuously increased. Taking the 20th day of stress as an example,
compared with MONO, the MIN2 treatment significantly increased SOD and POD activities, thereby enhancing
P, and F,/F,,, promoting the activities of NR, SPS, and SS, while reducing MDA content. After the cessation of
high-temperature stress, compared with MONO, the M1N2 treatment significantly increased root length and root
activity. Ultimately, it significantly improved yield, quality, and economic benefits. Correlation analysis
indicated that yield and quality were extremely significantly negatively correlated with MDA, and extremely
significantly positively correlated with all other indicators(P<<0.01). Membership function analysis identified
MIN2 as the optimal treatment. [Conclusion] Foliar spraying of 100 pmol-L™" melatonin along with 150
kg+hm™ nitrogen effectively enhances leaf antioxidant capacity, alleviates membrane lipid peroxidation, and
sustains photosynthesis of sweet potatoes under high-temperature stress. This synergistic regulation improves
carbon-nitrogen metabolic balance, root development, yield, quality, and economic returns, supporting its
application in the hilly areas of southern Zhejiang. [Ch, 9 fig. 7 tab. 36 ref.]
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Table 1 Basic physical and chemical properties of soil in the study area

R/ iR A Lyl
+/em pH AHLF/ e ke ) - e - -
(gkg) (mg-kg™) (mg-kg™) (mg-kg™)
0~20 6.32 16.82 1.38 92.54 18.60 105.28
20~40 6.45 14.36 1.02 68.75 12.49 84.62

1.2 gt

WG EFRCh Wi 1357, /NEBRATRIRL, ZBHEM 0.75m, 2Bk 25.00~30.00 cm, FREEZY 0.30 m.
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Figure 1  Effects of melatonin and nitrogen application rate on superoxide dismutase (SOD) activity in /. batatas
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Figure 2  Effects of melatonin and nitrogen application rate on peroxidase (POD) activity in /. batatas
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Figure 3 Effects of melatonin and nitrogen application rate on malondialdehyde (MDA) content in L. batatas
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Figure 4 Effects of melatonin and nitrogen application rate on net photosynthetic rate (P,) in I. batatas
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Figure 5 Effects of melatonin and nitrogen application rate on maximum photochemical efficiency (F,/F,,) in I. batatas
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Figure 6 Effects of melatonin and nitrogen application rate on nitrate reductase (NR) activity in 7. batatas
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Figure 7 Effects of melatonin and nitrogen application rate on sucrose phosphate synthase (SPS) activity in 1. batatas
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Figure 8 Effects of melatonin and nitrogen application rate on sucrose synthase (SS) activity in /. batatas
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Table 3  Effects of melatonin and nitrogen application rate on root length and root activity in 1. batatas
FEEZ iU i /em WA S/ (ugr g+ ™)
AbE Ab 20234 20244 20254F 20234F 20244F 20254F
NO 287.63+14.38d  275.84+13.79d  295.27+14.76 ¢ 368.42+18.42d 354.67+17.73 d 371.86+18.59d
NI 331.27£16.56 ¢ 326.49+£16.32¢  315.84+15.79b 405.83+20.29 ¢ 398.24+19.96 ¢ 389.45+19.45 ¢
Mo N2 372.59+18.63b  351.83£17.59b  369.46+18.47 ab 445.16+22.26 b 438.59+21.83 b 447.28+22.36 b
N3 396.84+19.84a  394.27+£19.72a  379.53+18.98 a 468.73+23.52 a 465.38423.27 a 476.59+23.84 a
NO 385.92+19.30 ¢ 366.45+18.32¢  387.64+19.36 ¢ 458.26+22.91 ¢ 460.82+23.04 ¢ 472.16+23.61 ¢
N1 438.47+21.42b  422.86+20.59b  434.82+21.24b 511.38425.07 b 513.17£25.16 b 502.744+24.65 b
M N2 453.82422.69a  435.64421.78a  451.27+22.56 a 537.594+26.87 a 545.28427.26 a 533.84426.69 a
N3 434.16£21.71 b 418.93+20.95b  431.59+21.58 b 509.74+25.49 b 511.46+25.57b 496.68+24.97 b
NO 354.38+17.72¢c  348.96+17.29c¢  337.45+16.87 ¢ 428.45+21.42 ¢ 441.83+22.09 ¢ 435.64+21.78 ¢
2 N1 422.63+£20.63b  405.28+19.76 b  418.72+20.66 b 494.92+2425bc  497.59+24.38bc  492.59+24.13 be
N2 441.28422.06 a  425.46+21.27a  436.84+21.84 a 514.67+25.73 a 516.74+25.86 a 511.27425.56 a
N3 419.54+20.98b  404.82+20.24b  415.38+20.26 b 492.38+24.62 b 495.27+24.95 b 490.45+24.52 b

B AE/NE TR AR R AR B R A G A ] 22 5 3 (P<<0.05).

x4 REREHEERENHIERRAZMN
Table 4 Effects of melatonin and nitrogen application rate on quality of /. batatas

TERY B EU(mge g7 AR R B/ (e g )

MR ZRALPE b

20234 20244 20254F 20234 20244F 20254F
NO 153.4£7.6 ¢ 154.2+7.0 ¢ 152.7+8.5 ¢ 43.1£2.6 b 44.842.2 b 43.7+2.4 b
NI 168.2+8.4 b 167.8+8.4 b 168.5£9.2 b 46.8+2.7b 46.242.3 b 46.5+£2.5b
Mo N2 184.6+9.2 ab 185.7+9.3 ab 184.2+9.6 ab 51.4+2.1 ab 52.7£2.6 a 51.8+£2.8 ab
N3 194.1£9.8 a 194.5£9.7 a 193.6+8.7 a 54.6£3.2a 539+£2.7a 543£2.7a
NO 188.9£10.8 ¢ 188.3£10.5 ¢ 189.149.3 ¢ 55.3+2.8b 547825 ¢ 54.8+3.0b
NI 204.7+10.2 b 203.6£10.9b 205.2+10.3 b 58.4+2.6 ab 57.1£29b 57.9+3.1 ab
M N2 217.3£85a 218.2+11.6a 216.5+10.6 a 61.8+3.5a 63.2+3.1a 622429 a
N3 199.5+10.6 be 198.5+8.7 be 199.8+12.1 be 56.9+1.9b 55.8+2.8 be 56.1£2.2 b
NO 176.249.4 d 176.9£10.5 d 175.6+8.6 d 52.9+3.1b 53.442.6 b 52.5+2.3b
M2 N1 198.549.9 b 197.319.3 b 198.7£7.5b 56.2+2.8 ab 54.9+£2.8b 55.6+3.2 ab
N2 209.6+7.5 a 210.7£10.2 a 209.4+11.2 a 59.6+2.5 a 60.4+2.9 a 59.2+2.8 a
N3 187.6+6.9 ¢ 186.4+8.9 ¢ 187.9+8.6 ¢ 54.4+2.0b 53.1£2.7b 542+2.6 b

UL ARG FRER R AR R AR AL IR & it ) 22 57 3 (P<<0.05).

fE; AR A AT, JEMRT AT S IR B DL M AR A, BIAORE, DL MIN2 AbsE A,
252 FEAAMR MERSHA: SIRGHE, HEERRAHET, P28 N2
FE; AR AR BT, BABEFER S DL ML AP AR E, DL MIN2 Ab A,

253 fFaE mENH: MHEMERLBET, BHALN3 R, SUCA RS FNELL N2 4
FEAR R, N0 LB L ES 23.93% . 25.97% . 29.49%; AHFEIMEARALTE T, MIALL M2 2 F 5,
SRR DL ML AR R &, A MO ARSI R 17.63% . 20.14% ., 33.55%; REMCRE, BIA
DL M2N3 Ab R, ARG DL MIN2 Zh B e f . 25 Brid, AMEBEIE 100 pmol- L' 4R 2 AL
A 150 kg hm > ZUIERBAS AL LRUERS 7= $2 03 1% (IR, i 3k e Ak 9 R B B S B4 A th kR e R fk, #27HH
B PR A TR

26 SEMETHEMBREESREEENEAEMSHT

26.1 AaX Mo ME 9 AIH: RS PUEILE (SOD, POD). LA FeE (P, F/Fyn). R (NR).
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Table 5 Effects of melatonin and nitrogen application rate on yield and its components in 1. batatas
HRER /g Feie/(kg- hm™)
Jti AL B
UEt 20234F 20244F 20254 20234F 20244 20254F
NO 158.65£7.92 ¢ 161.35+8.07 ¢ 164.15£8.21b 28 482.50+1 509.27d 28 721.95+1 436.58 ¢ 28 908.62+1 483.57 d
N1 175.86+8.79 b 182.71£9.12 b 171.45+8.58 b 31295.83+1 564.46 ¢ 32228.63+1 615.39b 29 668.71+1 727.42 ¢
Mo N2 193.94+9.71 ab  195.57+9.78 ab  198.284+9.92 a 33829.17£1 691.12b 34 038.75+1 701.96 a 34 548.75+1 935.23 b
N3 201.76+10.09a  198.43+9.93a  202.57+9.64 a 35397.62+1 719.65a 34 307.92+1 71543 a 35742.92+1 881.25a
NO 194.35+£9.73 ¢ 193.86+9.70 ¢ 200.52£10.03 ¢ 32 386.28+1 669.56 d 33 678.50+1 687.32 ¢ 34 578.13+1 622.06 d
N1 213.92£11.30ab 221.10£11.06 b 223.35+11.67b 37 629.87+1 891.23 b 35 684.85+1 852.91 b 37 728.52+1 879.35b
i N2 225.84+10.45a 236.29+11.53a 237.19£11.82a 38 654.52+1932.46a 38 807.45+1 656.82a 39542.13+1681.42a
N3 207.93£10.15b  213.24+10.67 bc 214.32+9.29bc  35795.81+1 789.54 ¢ 35338.2+1 794.57b 36 842.3+1457.82¢
NO 182.5749.79 ¢ 187.9049.42 ¢ 185.76+10.86 ¢ 32425.31+1 622.06d 33 123.72+1 873.42¢c 31 574.89+1 672.49d
2 N1 202.81£10.18 b 205.43£10.27b  217.86+11.91ab  35474.53£1 753.15b 35 887.37+1 963.78 b 36 498.54+1 783.25 b
N2 217.70+£8.32 a 22891£11.45a  225.09+10.35a  37591.67+1 879.35a 37612.43£1 784.65a 37 318.08+1 784.28 a
N3 195.63£9.57bc  199.95+10.82 bc  204.13£8.66 b 33 671.8241 682.37 ¢ 35426.84+1 85293 b 34 857.36+1 682.57 ¢

VLW R[N TR R AR 2 AL TR 245t U ) 28 5 B3 (P<0.05),

x6

HRERSERENHZEFRmAIRM

Table 6 Effects of melatonin and nitrogen application rate on economic benefits in . batatas

BRAE R AL it R A 2 M A/OT - hm?) RUA/OT hm ) HAIE/(OG hm ™)
NO 19 583.28+979.85 ¢ 46 772.4242329.52 ¢ 27 189.14+1 354.29.d

N1 22 596.40+1 063.57 b 51951.26+2 563.87 b 29 354.86+1 563.75 ¢

Mo N2 23 699.98+1 147.28 a 56 589.73+2 772.43 ab 32889.74+1 625.82 b
N3 23 818.28+1 231.56 a 57267.39+2 856.49 a 33449.11+1 75391 a

NO 21 420.45+1 018.75 d 55 067.84+2 768.95 d 33 647.39+2 135.48 d

NI 22433.83+1 186.92 ¢ 65 141.67+3 102.72 b 42707.84+1 864.79 b

M N2 24276.93+1 270.63 b 71 378.60+3 586.42 a 47101.67+1 657.46 a
N3 25 148.15+1 018.49 a 63 806.75+3 270.19 ¢ 38 658.60+2 135.48 ¢

NO 19 812.23+1 186.72 d 52218.98+2 618.48 d 32 406.75+2 329.76 d

o N1 23 034.66+1 129.66 ¢ 61 793.64+2 952.76 b 38 758.98+2 468.58 b
N2 25348.25+1 135.46 b 66 101.89+3 336.12 a 40 753.64+1 975.45 a

N3 26 403.37+1 342.52 a 59 785.26+3 274.98 ¢ 33381.89+2 103.51 ¢

LR ORI/ INE S m AR R AR R 2R AR B 25t R e ] 22 5 B3 (P<<0.05); BMEAEEREY. ROl AL, HBE. RHERcE

AR, HEEER . AL, BRALSE; W ARSI BN 3 a 28 RGEIHE.

BRACHE (SPS. SS). MALH (IR MRA 1) LEs (FREFR) WER R EIEMX, 5 MDA £
F AR (P<0.01), RUIHE™ &ML UM TR R GEXDEA U B AZR T . R b
LSRR AR AT SR A P Rfe gt . rTE Rt . 3RS LR by B B2 IEARSC, 5 MDA 2%
BFERAR (P<0.01), KUITFEMFEMFER MRS SR, B HERKmRASIL .. Seasmesirt.
WA B M5 S PR s R AR SR B, TR It O TP S Ak R GExt I i SR AL RO A AR

2,62 FHIHHH MR T AIH: EAFERBIOKET, A H0ZEE I R U 3 0 L ST
JrkER RS, o N2 A PR O, 5 NOAHELSE @ 1 1445 7EMIEIERVKF T, SRR B2 50t FH ] 2
I TLRA I, M1 AR R, MO AP, AR R SRR ESR S AR, MIN2 4 H7Efr
AABRERG PR e, LRAMEDY 1.000 ATUL, @i rE R AMERTE 100 pmol- L AR R BL A 150
kg hm > IS I 1 3 9 B0 AU AR eI PE R AE R e S AL AR 1, 2k i A ) 8 22 o S S Rl 75 1 i
PRAERE, BFEUGE THRAY TS S WIRE ST, 2Ok A B S m e A ™ B 5 i B4R T
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1.0
A

B|0.96 0.8
C|0.99 0.98 06
D[0.98 0.95 0.97

E|0.97 0.93 0.96 0.98 04

F [F0.98-0.95-0.98-0.99-0.96 102
G|1.00 0.97 0.99 0.99 0.98 —0.99 fj
H|0.97 0.96 0.97 0.97 0.93-0.98 0.97 I° E
1]0.970.91 0.96 0.980.96 -0.99 0.98 0.97

J10.94 0.94 0.940.920.87—-0.950.93 0.96 0.91
K|[0.94 0.950.94 0.92/0.86 -0.95 0.93 0.96 0.90 1.00
L[0.97 0.94 0.97 0.96 0.92-0.98 0.96 0.98 0.96 0.99 0.98
M|[0.98 0.97 0.97 0.97 0.92-0.98 0.97 0.98 0.95 0.99 0.99 1.00

N[0.990.97 0.990.99 0.97 -0.99 1.00 0.98 0.97 0.94 0.94 0.97 0.97
A B C D E F G H I J K L M N
A.77HEE; B AEPERE: C.EFy: D.SOD; E.POD; F.MDA; G.P,; H.F/F,: L.NR; J.SS; K.SPS;

n

LMK MORZRIE A N RS, RS A36. ** BRI EZ(P<0.01).
B9 ZBMaTZF., miS &I 0GARR LS

Figure 9 Correlation analysis of yield, quality and various indicators under high-temperature stress

x7 BERMETELERRERBIT

Table 7 Analysis of membership functions of each treatment under high-temperature stress

-1.0

BBE AR WorHE s -
AREE KRB i WERE JEH SOD POD MDA P, FJF., NR O SS SPs MUK MZRWES e ME
NO 000 000 000 000 000 000 000 000 000 000 000 000  0.00 000 000 12
NI 023 014 023 017 020 022 022 0.17 0.8 021 023 024  0.19 021 020 11
MO 053 044 049 034 038 041 045 035 037 048 050 049 045 048 044 10
N3 063 056 064 048 053 055 060 048 052 0.61 0.62 0.65 0.6l 055 057 7
NO 047 060 055 037 035 040 043 049 031 0.67 0.69 058 057 049 050 8
NI 081 075 080 077 077 082 080 085 084 089 087 091  0.83 081 08 3
MU N2 100 100 100 100 100 100 100 100 100 100 100 100  1.00 100 1.00 1
N3 071 067 072 063 061 078 067 073 0.67 094 093 088 0.8l 070 075 4
NO 036 049 036 027 022 031 034 038 020 051 053 038 040 033 036 9
vp  NI070 063 070 060 052 068 065 078 073 083 079 080 075 066 070 5
N2 085 086 088 074 069 088 085 093 090 092 093 092 086 087 086 2
N3 058 054 053 050 039 061 054 064 058 086 085 079  0.73 054 062 6

3 3t
30 #RERERRMEEEREXREDHSREES

e B X EYI B AL R GE R TP 5 LAY ™ SR 2 — 1 pR R . FREE R R 2l
B2 Solanum tuberosum FEIR S T E LY Bt T A RO, TEREMINERE R RIS, Ui G Pkt
— RS TEERARME T, B4 E N i SOD Ml POD i PEX I B N, TG B A R 4t fj E%’ZJ‘E%’&F
e TR 38 G O ARBE SR A S TAR BRI SR, BITE IR v, RS AR R R AU Ak B Y
SOD #il POD i PE4ERE7EA X 3EAH A BRAY KK, B AN LT H A A B — 2 i 3 Atk Bﬁﬁﬂ%"éjj o MEE
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FR O FELE 2 fE 0], NS IR B 2R R R A B TG e U A TR, R 2R R R T it Ak PR A
i S T ) LR R o O BTG M KO- o X RE SR I AR RN S P oy . (DRR R RAE N — R E BT e, g
W B AR T A AL B 0 M S B i RE Ty, A B T IEBRTE MR A AL, DR B s AT,
AR IE e AR K, A TE IR A BRI T BE & A 1 AP 25, 8 M EEEE A A A S R
BEERAL T YA, P R RUEZE T HUE R ST RE R iR . MDA R By 42 s 44t it g ) 52 4
ARV, FEABEZEIA R SR T MDA & 5 TS5 5 A A BTG T A R R BIA OE 0 AR g &
B =LA SRS T MDA MR, AR Az . T RR SR R 5 AR IOt B A A [ R % i X
PRI EA IS . RUTERIE R 5 R AR i U Ty TH 2 0 A R0y, RVRE PR 2558 s i 4R
AR MR D BRI R AR, TS B AR AR & S 1B B 4L T W R, PR R R4
MDA [ P21,
32 HMERS5REMEAREXEGESESHRINE

AWFFE R BN B SR B A MEREZ B, MmN Rl AR R R E o AR . R
S R 1] S Ak R B S8 A N TRV R B A A A T2, T I M B U R R = R O Gk RE, DT
HRG N ED, D885 SRy EEREY, Gyl EEA —E M. ARk
B FEmiRMNEE 2T, MR R SRR G BN SR B B A AN . R AE T AMNE AR R
SRR R R E M, RO E B REAE G, MM SRS P Y, b E A
R AR EF 2R R A L, $2 5 Rubisco B#G M, SAOGAERRAE R Y i S fe B 3L, MR ES
AR AR R G E 5OCA e %, R 7 HEn F7E sl e TG iRt E k. &
AWM EE e S B E IR OSBRI, BRSSO FHE RORP,
AR ST AR S 2R Tt ZRUIE A 3 2 R A T e YR X B LA OC S P RS e . R R
SMEARIER SANC RS, BERediRert ROt aae Ty, ARG AL R R M B Al, SOATRFE AR AL
LR AR, AR SR E N H SRR, B i PR s FLR R,
33 BERSREMERUREAIERHEATEMRRTK

R BEYRSR A RUK S F 2, LR BRI EESE WM EW BT ™= I . 1T AR
K. mERMNE S BEMHR A AR, SERRKEA R RTES TRE, S5 0] S5 RE 1 7K 53 A5 Wi
AE P, AR 7% Hh il 2 2 Tt R0 DA R % A AR R 2R 0% 1 B RRAIR . LR PR AE AR SR T 1y
&5 0 FHOSED R I PRSF BN LS , AR R RN s et (Rbaiss FAR RIE S ES
DI ERECY HE W R AR K B HHE T 07 108 35 3CHF, D[]8 2 28 10 0 Rl ik R 1K 119 Tl 368 335 17
J3, DI e ] 88 3 AR R B 7 R TR A VR AR RS S R (A A R AL O BR . ASTFSR
o, AR 100 pmol- L' 4B R ZE AL 150 kg hm > FUEALBEZE P~ i 5 & BB B L R B fE:, 0 HTE
PR at . PR | JER STV PERE T R B B A AR B, X B TR R S AR rT R
PR R . TR ARG ), BRREYG A bR K ME IR S BE ) LA GE A e P it 455, 8 T3l 2 AR 2R A 51
AT PR &AL, A RS SR ERE T, A, AR A RS Rk
. e RPN E T A5 I HE AR AE AN [ A B R] 70 S R A e e, 3k SRR W R P B L X ] R L AR
FEAERER 225, HZ2E RAEm ISR T ot — 25 il
34 HEMETHENBEZRSREEIENSESNINLEH

AWFFAHCHE T LI o Sl ShUE kG . LRt . AR, . MARKE RERY
BB EEME, M5 MDA B B EAASC, XRMBERFRRNPUABE T . RuEaaEee . Bl
ARt LA DA B R 38 AR R SR A E D HRARD i e . R et 5 0 0 ol Fry S B A BRI 22 34751 AR
ISR R BT R N AR R R, RO N s i s, LA I T AR SR R AR
ARFR, X B AR B 2 T AR AR R RUIE AT T B AR T H it slre R AR B AT S 2 i 4t
WORCR, SRR Y, LAk E, AMNEMmTE 100 pmol- L' B MR Z B4 150 ke hm 2 FUIETE BT A Ak
PSRBT e, ARSI — 2 3 s HAE L] - 35 B A 4 2R 2N U0 el o i e A b R G
MR AT E M, JEm PRI R A O R R e IR R R, W SGE THRNY RS
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AWFFEFEH IR T it AR B 2R e I i) R s H I B SOD . POD i, 2% f# MDA
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