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Effects of exogenous melatonin and nitrogen application rate on yield and
quality of sweet potatoes under natural high-temperature stress

WU Zhida', CAI Ougi*, LIN Yueyang®, LIU Zhiliang', DUAN Yi*

(1. Taishun County Agriculture and Rural Bureau, Taishun 325500, Zhejiang, China; 2. Cai Ouqi Family Farm of
Taishun County, Taishun 325500, Zhejiang, China; 3. Taishun County Xuebao Agricultural Professional Cooperative,
Taishun 325500, Zhejiang, China; 4. Experimental Center of Subtropical Forestry, Chinese Academy of Forestry, Xinyu
336600, Jiangxi, China)

Abstract: [Objective] To 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
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and 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.]

Key words: high-temperature stress; melatonin; nitrogen application rate; sweet potatoes; quality; yield
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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
RIS Wi 135, ANERITRRL, ZBHE R 0.75m, ZE&R 25.00~30.00 cm, #RFEEZ) 0.30 m.
FHIRUA ZZX B, WE 1T AMNEBEEZ. 0(M0), 100 (M1), 200 (M2) umol-L™'; [ 2 Mjiti B/KF:
0 (N0). 75 (N1), 150 (N2), 225 (N3) kg-hm*, iXEdtit 12 MbH, Rab3E 3 ER, /DX 60 m®
(10 mx6 m), /MXIEE 1 m RIAT, BEVLHES . TG 30 d FFiG /G shkegk 21 d (& iRMME, fE8H
10:00—16:00 i 5 RE IR 455 R S 4E M0 N IR 35~38 °C, 4HI PN IR BE B 38 °C IF, A S IF 5 WA 5 )
= ° PREE IR AR A Table2 Changes of air temperature during the period of high-

E 299%) Eﬁ%%%ﬁ?@ﬂﬁ ) ﬁﬁ&hﬁﬂﬁﬂ(agg{ﬁ% temperature stress
WUOBEBK, B A G A R BUNEON 005% P
Tween-80 [ T 1% PE R KW b, Bk 258 2% 0d 7d 14d 21d

W, REHEETKEREBRRRE, THaFiE 2023 35.28 36.81 36.82 36.95
%%&ZE 7 dﬁ."i’%ﬂﬁﬁ@ﬂfﬁ‘ﬁfiﬁ, ;:,\:HE,, 3 2024 35.57 37.25 37.85 37.15
Yj"\, ﬂﬁ“ﬁﬁﬁj\j 100 mL-m’zo *Z;F‘jﬁﬁﬁg{i\‘ﬁ%ﬁfﬂﬁ@é 2025 35.84 37.64 36.42 37.68

R 45 (AL W B 0 B0 16%) FISAL R CEAL SR i i 53500k 50%), FH 458 120, 90 kg-hm ™,
FTERS AR AT MRS AR T 45 d (W J5 1) Bt A S R 3 (R 50k 46%).
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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 1. 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 ANIE/INE FREOR AR AR R AR B A B R AR B ) 2 5 2 (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 IR AR R AR R A IR A& it A e Ak BRI 22 57 13 (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

7=h/(kgs hm™)

20234F

20244F

20254F

BB SRLLL

UEt 20234F 20244F 20254
NO 158.65:7.92¢c  161.35:8.07c  164.1548.21 b
NI 175.86£8.79b  182.7129.12b  171.458.58 b

Mo N2 193.94£9.71 ab  195.5749.78ab  198.28£9.92 a
N3 201.76£10.09a 198439932  202.57:9.64a
NO 194356973 ¢ 193.86£9.70 ¢ 200.52+10.03 ¢
NI 213.92411.30ab 221.10£11.06b  223.35:11.67b

i N2 2258441045a 236.29+1153a 237.19:11.82a
N3 207.93+10.15b  213.24+10.67be 214.3249.29 be
NO 182.5740.79 ¢ 187.90:942¢  185.76+10.86 ¢

- NI 202.81£10.18b  205.43£10.27b  217.86+11.91 ab
N2 2177048322 22891+1145a 225.09+1035a
N3 195.6349.57bc  199.95:10.82 be 204.138.66 b

28 482.50+1 509.27 d
31295.83+1 564.46 ¢
33829.17£1 691.12 b
35397.62+£1 719.65 a

32 386.28+1 669.56 d
37 629.87£1 891.23 b
38 654.52+1 932.46 a
35795.81+1 789.54 ¢

32425.31+1 622.06 d
35474.53£1 753.15 b
37 591.67+1 879.35 a
33 671.82+1 68237 ¢

28 721.95+1 436.58 ¢
32228.63+1 61539 b
34 038.75+1 701.96 a
34307.92+1 71543 a

33 678.50+1 687.32 ¢
35 684.85+1 85291 b
38 807.45+1 656.82 a

35338.2£1794.57 b

33 123.72+£1873.42 ¢
35887.37+1 963.78 b
37 612.43+1 784.65a
35426.84+1 852.93 b

28 908.62+1 483.57 d
29 668.71+1 727.42 ¢
34 548.75+1 93523 b
357429241 881.25a

34 578.13+1 622.06 d
37728.52+1 879.35 b
39542.13+1 68142 a

36 842.3+1457.82 ¢

31574.89+1 672.49 d
36 498.54+1 783.25 b
37318.08+1 784.28 a
34 857.36+1 682.57 ¢

L R[N RPN R AR 2 AL TR 25t U A B 22 5 B (P<<0.05),

x6
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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 57267.3942 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 R [l NG S I 2 A ) R 20 A BT At S0 e A B ) 22 5 3 (P<<0.05); AL ERZS . Ry, AL, M. R
o R HEER . AL, BHRALAE; WASRTIAMARITHE; Bl 3 a TR .

A (SPS. SS). MAKLE (K. WHRE ) LM (RE ) HEMR P EFIEME, 5 MDA 2
FEAHAHDE (P<0.01), FBHH 2™ w8 MUK T 0T &k RGEXDE AP A BRY . BEA I S
TR R LT 5 RAESE . ATt . JEm 5 IR FEPR Y 20 EEAE, 5 MDA 2%
WM (P<0.01), RUATFEHEHEAIER MRS G, & EmmmaEREimk . L aaaesest.
MR R BB SR K2 G R BL, [RIBT AR T hi Ak R G AR i A 2 A

262 FEIB oM HE T FEAHFERREACET, BB LE A PEor Y B A 13 N 2 e T
JEREREE S, Hod N2 bR R, 5 ONO M ELER & T 1.44; FEARFIGEZUKSE T, AR AR 2 2 i FH I
BT T LAy, M1 ARFER &, MO AR ; WRBRSZIERI BRI  BEAER, MIN2 KB TA
WIS i, LR AN 1.00. AT, SR MME T AMERE 100 pmol- L™ #B R R B A 150 ke-
hm ™ ZIEE i R 0 A A R GG AR A MU R e e, 2 1T D [ 42 e A DG S S 1 O fiE R AR
REEH, DESCE TR S WIRE T, 520K A AR S R k- i 5 R T
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1.0

B|0.96 0.8
0.990.98

¢ 0.6

D|0.980.95/0.97

E[0.97 0.930.96 0.98 104
F [-0.98-0.95-0.98-0.99-0.96 102
G|1.00 0.97 0.99 0.99 0.98 —0.99 ﬁ;
H|[0.97 0.96 0.97 0.97 0.93 —0.98 0.97 1° E
1]0.97 0.91 0.96 0.98 0.96-0.99 0.98 0.97 1-0.2

J10.94 0.94 0.94 0.920.87 —0.950.93/0.96 0.91
K[0.94 0.95 0.94 0.92 0.86 -0.950.93 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[0.9910.97 0.99/0.99 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 7FRE; B A[yEMERE; C.YEK); D.SOD; E.POD; F.MDA; G.P,; H.F/F,; L.NR; J.SS; K.SPS;

n

LK MARRIEA: N RERE, HSEEN36. FnRHE R E(P<0.01).
B9 ZBMaTZE., miS &IRGARR ST

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

HER AR WorHE P s
AbER - ARER PR WTHEMERE JEHY SOD POD MDA P, FJF, NR SS SPS RK MRAESH g oMH
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 3tib
31 BEESREHERBREKLRSHASEEEY

BRI A S EI P AL R G BT 5 R A= R BB R 0, BRI FRBSIA A
D Solanum tuberosum R IRHT ALY FAIAT I BRART, AEREINSM AR BB IR , HUA MBS P
O HEROY . 7ERIELAPE R, LS SOD I POD FEVER B R, TS T A 2 A i e
EE LA A 0T, ASHET LA T ORI SR, B 7E UL P R AR i 2 2 R R A
SOD il POD {445 FE M B AL A A K T, W I A0 38 B H B0 5 — o MO SERR DT AR ) . B
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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

AWFFERIL: BN B S B A PEREZ B, MmN Rl B AR R R RO AR . R
FL A B R[] — AR Al e ik B2 24 AN [ FR B A G VR T, i S A R e i s S O avERe, Wi
YRR N ED . S5 5 HEFNERMEY, EEmBHLE EEA —E HE I AR5 ER
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 M IR S BE ) LAGE A e TP 55, BBl AR R A5
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



55 43 5 4 ] SRR AMERR R FR SRR A ARl RE R R TR R 813

A WRE ST, FRASEEL T AR AR B R A S e 27

4

#,
-

&b

AWFFEFEH IR T it AR B 2R e I i) R s H I B SOD . POD i, 2% f# MDA
P P, FJF,, FaEm B rdr, RERAMBRET, REr-ES M. #EmEUurihk
Wi 100 pmol- L™ #E 2R R LA 150 kg hm > F AL A LA B, BCFE W7 RE Bl Ll X H E AR e
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