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AREIFESFIEN ERERKZ T AR

WAAEY, B =, BEEFE ', B O, ZBRE S, XREMC, e, agEoy
(1. BEsSERERN - SAEY#bE, 2k - 0 - i T AR Lo, il
2. BB REEERE L, DR AR SR E, B 200240,
3. FH (AIE) BHEARAFR, Z# A8 238060 |

2011003

i E: PS4 (Lacuca sativa ) HIRM, HEIBEREE (MgSO,) . #AHE (Mg-EDTA ) . AfbEE (M0) |
SAEE (MgH,) . B8 (Mg) 5 FORFIESEEAE, 58 4 AVEEMREE . 0 ma/ke(LO) | 3.5 mg/ke(L1) . 7 ma/kg(12) .
14 mg/kg (L3), SRAARGEAI AT AR FIESBEAEXH SR 7l & . HPAE R S SRR . BF5RRE
B (Mg) XFFHIEY A 2R 0 7= 5 SOE IR BIVERT, PR TR A 287 kB 37 o BB B AR S Rt TR it . F
FERM, SAREEECH Lo ML, 5 FOIRAEEICAE 4 Bl VR B T X AESER P& .t Hh EIREEE . PR
AIVATERE . ATV R I A R C S A R AR . WS U X 4 5 2B 5 e R T R R R i
fE, IFRBRATLEITT, MiTE 3.5 me/kg ACTRY, FhFliLR48 S 65%, HRHRHL DIBEE RN 102%, MEEE. nE
PR ATVAPERE AR R C S B BRI RInEEm R R A SRR TR, L1 13 MR B n] KR
FMERR . MTEHERA SR BER C T RDUTEERE S R, kR 70% . 86% . 373% I 120%; VRINEE A
BERRAREEAL R, EE 7 mg/ke WRIERAT, AR FINHB AR S S A R C SR, ik 412% M
374%. WRIRBEALPRANEEE 3.5 mg/kg /KR, RERMRSR S vl MER & i, A5 157%. A esk . FbsE R it
JnAESE = 48 pH AE . XA AR BRI T B HTIRRLE Ao, IR THES . R SRR BRI
3.5 mg/kg B, AESRERAE R A B RCE SR T e AR e

R P AR AERKER; 4K C; BMEpH A

B (Mg) MW ERKTLTHENhEILRZ —,
TR Z S Y T E AR P YRR AR
YA EER N EZES T, SAEEYESY
35% ML L BEARUEM SR TPLILE, BB
TR G RGE R r s T B . BEE T
(Mg™ ) W] 385 AE Y R N A BTG 1, 08 1T R i A )
AR AT, ANt g on 2 S PR EE i (NR ) I
5 I e B 1 T MR A 0 R AR 2, S e
SRAZ RS —1, 5— BRI R AL A0 15 1 R 3 58 ffk [
PRk 3 BB, TR AL B X A A 1
a3,

BT Mg™ KA, Gk, DIKK . Ca™
e EBHE FROFE VR, B AL TREM

Wi EE: 2023-11-03; FRAHH: 2024-02-03

E£WMA: B iusl B st

EE® . BORME (2002-), AFE, AR SEOR . E-mail:
muhualiang@sjtu.edu.cn,

EIRIEE: %M, E-mail: yanghaiyan@sjtu.edu.cn; EHLTF, E-mail:
panqf@sjtu.edu.cn,

b, R L YET, REH 63%
DAE 9 b e E ™ T BB, AR B DR BT
984 t HENE, MR H A, R XFEEAL NI
B, DR E AR

W kI, Wi RERS 3 S VE Pt . 42
THAE ) 5 75 W M o 4 S S S A i A 7 e
HERE N T 8 B R KRR A P, AR TR B T
SR BB T RV R A R R 1
DX, I T WG 6 I ks A o A e e bt P
I AT 41 125 46 /N2 0 SR TR R, R TR R A i 2
B, BOCZE 0L BRI Ah, BEIERYNE N IE R
PR Y, RS RN B A s
)i

2R T e R T RS . SRR
LAk, AEERRAD 4 Rl FHBOSERR SR, 7655 4t
BEUTEILR 4% b3 L) b 8 Ak 1 1 4K 34 R i,
Ko B RIS e LA R R BB Mk
W R M P R i . /NS VY BESET 4 Fb
TSR EV IR EE . SLEE . IRIREE . AYRBERTIT
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VUAH DX B A R2 IR, S5 SRR, il R B A
BRI . BRIRBEREMEIEMPRAE I, R
Jr AR B b SRR L R B SR L
i, A DV EAL PRI s Ay, JE PR T A
Tho VKSR TR mREE . SAEEE . WL
PR AL, 1E AL AL B B AL A A BE A il A
JE S e R PR MR ] AT
R ABR B A AL B SRS i A A i i 2 0
HRM TR, CAWIFERY, & BB
HEXT TR R AR e A2 T 7 T —E e, B
AR BAL S mACR AR . 7AW B

BV HGERD, B EBE. SLBRMBERIE &
BACAY B D

AHFEFR A 5 R RGBT IR, B
MR TR MR VE B, M AR BEE, RRME, M)
Z . (EZAEMAE PRI T B H R FRCR 1,
OB S, R, i, ek,
T 2 50 5 45 I IR 5 52 31 H b B AT 2 #Y
W, AACBEXER Tk, WERSEERD, ik, 9
FIAEREAE, AERCH Ao S BE AR S — P 2 5 B
AR, B TR, NEME, P, hTH
A RE s, 5K R B AR AL A Mg, T4
7 A R A AP B AR, BOA R Y T
M2, ARIE AR T BT Tk, W ZE
WA, P, SoKkR RS BRCASR, AR
BRI B EIRTT 5 R R Rh 28 0 88 o A 3
KB BRI, 3 1 6 0 B T AR A K48 A
1A BRAE BRI 5 15 B0 S BT, 3 A B T
S Rt VR B, A B TR B £ A B — E 4R 5
T

1 #REFE

L1 IR AT

SRR R B B A58 (Lactuca sativa )o £ 7K
TRIREE (MgSO, + TH,0 ) T Jusfbsy ( Lifg ) Bt
FAHRAR, BEAEH (Mg-EDTA) 1T [ 2 4 A
A A R A, AR (MgO ) T30 B /R 52
Bis (Bilg) ARAFE, S etk (MgH,) Figk
¥y (Mg) i b sgil Ry iR R 5 TR B 4
f IR L S TR 1t =121 (v ),
pH fEL4 6.0, & FG U8 5¢ - 38 1T Y BUKS 2 1033407/
LV12665/Orange Gold/0 ~ 6 mm/300 L ( & : 193.34
mg/kg, . 189.39 mg/kg, . 552.04 mg/kg, £E:
— 136 —

39.42 mg/kg, Wll: 4.1 mg/kg, %H: 19.6 mgkg, 4.
17.3 mg/kg, %h: 29.5 mglke, FF: 94 mgkg, k.
90.5 mg/kg ), FRAEAEE S keo PEREREN 0 mg/ke
(LO) . 3.5 mg/kg (L1). 7 mg/kg (L2) . 14 mg/
kg (L3) (BEGE & /R ER ), BEALGT
b, TR/ TR, A
—H AT, AR 2 MR, B EE 3 AN E
B, BAEE 3, AR T 20224 11 H 18
HZ 2023 4F 1 A 18 HFE LigEscil K2E Rl 549
R E P T AR R K B O, E
BB K 5 Rl R 43 01 e IR R W it T
S N R0 £ e I T 1 w7 NG A Y - R S
MAREB WA TR T, 7R FPAE 9] E A it
FHEERE LLSM AT AT RE R}, bR 3 ] 47 5 B 56 /K
U RENR. KiE 25 8 J8, SR A I A
Fehm o
1.2 W7k

B Z5, BHIETWM, g bR, R
Wik SR 23 B K F O BE 0.01 g) TN 2k S A
R M S e, FH B T A0 2 TG A TR AR
i, IR E 80 CUKFI IR A7, TRt AT s K 4
PRillag ., o, e S &, TEEEN SRR
AL B R R I 2 R R ER 5 AR A £ S
Bfg T ) U R s R e, AR AR S bR AT
B STia

45t 2% 2 i 2R ] 80% T4 Tl 42 BOE 0 o8 . R i
IFE WA 5 At (01 g&£4 ), T
2.0 mL 1 EP &, HILA 1 mL 80% INERE, 7547
IRA)JG#E 5 min, 12000 r/min 250> 10 min, X
AILRE G JEAR T UE Vg, B 200 pL F 96 FLIH
FRArfr, M5E 663 Fl 645 nm Ab (WO EE (R, AR
Arnon T AT BRI 482 a, b MRt 4g
% (a+h) &Ht,

AR AR S R T S e i Gt 1
{di F3k55] & TaKaRa Bradford Protein Assay Kit, FRE
LA S 5 AR e (FREL 0.1 g &4 ),
F20mL A EPEF, A1 mL ZEFK, £
RS G E 5 min, 4°C. 12000 r/min £.0> 20 min,
B4 pL LW T 96 fLEG ARt AL mA
200 wL & & % % Y G4 B WK Bradford Dye Re-
agent, FLAMTRARGTEE MR NV 5 min, JE 595 nm
AR SEREAEL, AR AR Hh 2 BV AT A5 B 5 i mT
PEA SR,

S

(T
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AP B R B R R D e . AR I
ORI AW J5 At i (FREL0. g &£47 ),
F20mL W EPEH, A1 mL 25 FK, 74
BA), K930 min JE A B, 12000 1/
min 2 0 10 min, i B¢ 10 %, B 200 wL T 96 L
fiti b5 A, I GE 630 nm AL B9 WO REAE, AR RE
VA YRR 4B () o pih 286 T T F 58 R o 1 ] i e
i,

AR C R S RO AR 635 % (HPLC)
WSE . AR IE 0 SEEUIF S J5 0 A= 28 B (R
01gZ4 ), T20mLAEPE H, il A 1.5 mL
PEBOA W (FHEE:0.1% W IR IF W =5:95), W e
I min, 10°C. &40 25 min, =40 10 min # HEHL,
12000 t/min 250> 10 min, RH/K R4t ig ek
YEW, BU180 pL FAEFIC A, LHLKM .,
W AR AR LA R C ARl EbRERRZE, AT
TR T 4R C s, BRI R
MAEER C &

1.3 HdEabHi s 53 Hr

fdi JH Excel 2021 &b BRECHE S A, {8 1] SPSS

26.0 Ze it AT g #E, A Duncan % (P<0.05) #f

oL0 SL1 @l2 ®L3
35.00

30.00 -

25.00 N

20.00 \ a
15.00

10.00

5.00

0.00
N4z Bk

Bt S
23S

T80 22 53 W B i
2 ER5HMH

2.1 A[RIFPZEE T XA 311 22 B R0

AR FIREMIE, RRETE 3R, kT
BT d&2E. ML AT, BEARAY G N R B
AR R R AR, b, SRR 0t ROR
T, L1, L2, L3 AbH R A SRl 7 1 fe i & 28
I L L0 AL BEAR B 5.25 ~ 6.25 1%, AT T
B &R L0 2 PRIE 5 58% ~ 63%, EALEE L2 Ak
PR R 2R AR I E e K. O BEMS, L1 L2,
L3 A P AR SRR 19 B i & 2F R E Lo Ab B
P 1S ~ 2f%, (HHA L2 A FAE B E 4R m ik
P8 &%, L0 AL B 55%. BRFREE L1 Ab 3
T RE A SR R B RO AR R, 4y
BB 5 150% M153%., B A BELL. 12, L34 3
T, AR E R R IR Lo AR 1 ~ 1.5
i, FUA L1 AbHRfE W 32 46 e A RD 1 i K%,
EC LO Ab 38 43%, AALEE L3 A T RE R E 1R
A SRR BB R R R 2R, Sl 125% A
35%.,

oL0 SL1 ol2 m®mL3
100.00 (-

90.00 aa

80.00 -

e

70.00 F
60.00 - be

bl ,, b b

N . 12
50.00 1] b " N T N
40.00 - [ ] N o

30.00 - |4

RARFR (%)

2000
10.00 | |
0.00

A HUbEE AUbEE Bk
BALARE

TR R

Bl 1 AEFSEGEIEX SR F L F R
T HE EARVNG TR HIRBE ARG HIACF AL BRI 225 B3 (P<0.05). A,

2.2 AN[AIFP SR AL X A Sk g S ML ¥ R ) 5
U

H 2 1 AT 0, R LO &b BEAH M, AR BE 3 A
Aib PHAR AN B 2 25 B o A S A M L A R B A B
L2, L3 Kb FHAE 2 25 08 0 A s bl s, o4

S

1 81% M1 34%; A ALEE L1 AL BUR A4: S8 b | 3 fif
L 84%; FALEE L1 ACFH R AR S b fef o g
T 102%; BENY 12, L3 AbFH G B b Ak S |- R bt
i, R 41% 1 62%, (52 5 i 2546 e
A SRR A A PRV E ]
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®1 4EEHKBRIbLESS AT PERE S R 36%; BEM 12, L3ALER, W]
BRI Ab¥p R (em) i - HEEE (g) VRPERES B S = 53% F1 120%.,
MgSO, + 7H,0 LO 13.83 +0.76a 6.67 + 1.02ab
L1 12.00 + 0.50b 795+1.12a ;
£ 100, BLO BLI BL2 ®L3
L2 12.00 + 1.00b 8.17 £ 1.29a .
L3 13.17 + 1.04ab 4.94 + 0.64b
Mg-EDTA LO 13.83 + 0.76a 6.67 +1.02¢
L1 12.17 + 1.26a 6.23 + 1.05¢ &
1.2 13.00 + 1.00a 12.05 £ 0.04a %
L3 13.83 + 1.04a 8.29.£0.25b T BUREE EAEE R A BR
MgO LO 13.83 +0.76a 6.67 +1.02b —
L1 14.83 + 0.58a 12.26 + 1.09a E 1.00
1.2 14.67 + 2.08a 7.85 +0.64h %g 0.80
L3 13.33 £2.08a 7.75 +3.31b Z0.60
MgH, L0 13.83 £ 0.76ab 6.67 +1.02h 18 0.40
L1 15.17 +0.76a 13.48 £0.25a E 0.20 e
12 13.00 + 1.00b 7.35+0.29h % 0.00 & N H
13 0.83+0.76¢ 5.28 + 0.64¢ = BRREE A Eariazs Sk BNy
Mg LO 13.83 + 0.76ab 6.67 +1.02b
L1 12.17 + 0.58b 5.76 = 1.36b
1.2 13.50 + 1.32ab 9.41 +0.05b
L3 14.17 £ 0.76a 10.79 + 1.07a a aaa a b
Vs ISVHCR E AR IRV 75 B o M ) B A R SR IR A B 2 adg . bUPMER b ¢ NAe
S (P<0.05),

- N

23 RIHAEIERA: 055 S oo Ll L L L
FET 2 TR, ARt F AR B . UL BRI ER BRI

Br AT LLR # B JL 5K b AL AR 1 it M2 REMEEEN ERHEESBOTM

PBE 12 AR BT LR 5 919 HI 54%; ZfeBE L1, 12,

L3 AL PR, M2 b & 0 Bl 3R & 113%. 147%, - @LOBLI mL2®L3

Z 18
122%, S-SR EROMIHER 57%. 68%. 57%; %}j
By L, I2 0BT, 4R b & msrilite 146% M E o
83%, R LIS 0% M 43%, BREER) G
TP A SR R & IR AR, 5 PRI Ay o f} [
IS5 P RESISEAT S . 3ol
2.4 AR AR SV PR B 1A B w0 gumte  Meask  GULBE  afsE BB
I3 AR, BEANGRARSE . UILEE. SUfBE R FRIERIER
By AE A S R R R A, BRIREE L. 12 B3 AEMEFENERTAEEASENZIT

EEET, APPSR ) 60% F 56%; AfL
B LI ACPE R ATAMEE (o RS 55%; AfkiEL,  E
12, I3ACFER, Wb A& R e 65%. 70% >
F196%; Bk L1 ALHE R ATy 1 5 S REEE = 86%.
2.5 R[RIFhSEE XS AL ST i R B B A

H & 4 o], FEINBLIREE . B A, AfbEE.
S BE B BE M AT i 5 (1 0 A 2 rp T A e A
BREREE L1 AL oAb & A S 157%; B GEE
L3 Ab R Al AR S R P S 28%; AfLEE L1 Ak
PR WA & RE AR S 58%; A fbEE L1 AbBER
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2.6 AIRIFPREEIEN A YA R C SR
MBS AT, EINBRIREE . EEAEE. ALEE. |

TRk B BE R e B B et e S e R C ik, 5

LOACFRAHHE, BRRREE LI AbFE R 4Ed: K ¢ 4w

154%; BEASELL. 2 0FTF, 42 C S84

~ OLOSL1 BL2eL3

a a

BEALFNE
5 AEFEFENESRGEEE C SENRM

1 296% F1 412%; A ALEE 12 AP R4 2 C S dt
B 374%; FAREELL. I2FER, 4EAE C SR
LR 207% F1 320%; HEHY L1, 12, 13 4B, 4
2R C SR IR 373% . 364% i1 356%
2.7 5 FPEEREE N A SR An R A A S K 32 Ry
Gl

A SRR AR A RS 3% 2 Fis . 40 #r
T, A KA B SR TR bR Z [ A AR AN ]
REEMAHICOC R, Hb [ FRfE H S bk R B A i 2
(P<0.01) WYIEAHCHE, R ARZFRERARTR,
SIS R RIS % (P<0.01) BYIEAEME, &
MR EHgEa, b EHHWEE (P<0.01)
MIEAHCE R, AT S i R 2F SR
F (P<0.05) WIEMEM: . 5RnaE & R4k
Fa, b ZH W EZE (P<0.01) AYIEFIEE,

(T

R2 ERZIEREREST

febr AIEMEERT ANAMENE O 4EER C O BARIR BRRAFR b LEEE bk ISV S SN S SR S )
AR 1.000 -0.459 -0.003 0.286 0.537" -0.206 -0.377 0.662" 0.671" 0.683"
AR 1.000 0.266 0.256 0.057 0.242 0.130 0.024 0.029 0.009
feEEK C 1.000 0.334 0.291 0.319 0.203 0.349 0.305 0311
Sy 1.000 0.674" 0.064 -0.361 0.444 0.375 0.493
S Sy o 1.000 0.011 -0.266 0.699” 0.460 0.750"
by IS 1.000 0.646" -0.135 -0.118 -0.149
{7 1.000 -0.082 -0.028 -0.142
SAHERER 1.000 0.913" 0.987"
442 a 1.000 0.874"
4% b 1.000

e * FREFRE (P<0.05), ** FoRERPRE (P<0.01), TR,

iz FH SPSS 26.0 X A& 3¢ i A5 (%) T 4 46 A E AT
TR, FE AR . FRE T STRRER
Bl TikoR, 3K, w3 FM R
IR INE] 78.80%, REALSE T RUAAL & i K5
B, WA T AR A AREREIEE >1 0 0],
PEECH 34 F A4y, FRAFAE 430 Sk 4.48. 2.30 Al
130, Hi—FEMA F1 TR 44.83%, FHE] &

AR EER B B Bl R S R o i B2
RV A, X 3 s AR 7 IS B 1 5
VB NEAN R B A= SR A2 o 5 — E Rl 12
I DTHRAN 219%, HRAE ) i v 2 X EACOR Y 73 7y
Sl EEREEE | 4B R C FIbRE . A Uy F3
FIDTHR A 12.97% , AL 1] B A O AR Y 7 i
IIRERR . B AR

®3 FOERRERENS RYMTHE

EHSY BB AR M ST B BOEEE WPEEa 0HRE L TTIERE TS AR C AR SRR (%)
F1 0.38 0.30 -0.08 -0.14 0.45 0.41 0.45 -0.01 0.36 0.17 4.44 44.43
F2 0.07 0.14 0.54 0.47 0.06 0.05 0.03 043 -0.28 0.45 2.11 65.54
F3 -0.21 -0.50 0.20 0.53 0.17 0.25 0.12 -0.47 0.26 -0.04 1.30 78.56
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X} B4 B F TR AR (R 4),
& 4 TUFRH, AR FERSEGEEHEA T 3 1
MR EAREE L1, L2 AbBRLL R EERY L1 AR, ik
R L0, e S ALEE L1 ALFE (BEHE 3.5 mg/kg)
T, AR A RR BT H A AL

R4 SHERTRERELE TEREER ST LHEEES

. . . o o
AR e EE % B W 0% e

bk YIA5r Y2 i34y Y34 A4
CK 1o -229 -0.93 -0.88 -170 16
MgSO, L1 -0.87 0.93 -2.24 -062 10
12 -045 -1.22 -0.41 -065 11
13 -0.65 -2.20 0.68 -084 13
Mg- L1 -158 -1.02 -0.24 -1.21 14
EDTA
2 =210 0.89 0.88 -0.81 12
13 -257 -0.22 -0.67 -163 15
MgO LI -0.62 0.23 0.85 -0.15 7
12 0.91 1.26 1.13 1.04 4
13 -0.06 -0.77 -0.66 -0.35 8
MgH, L1 2.67 2.41 0.51 2.25 1
L2 3.30 0.29 0.29 2.00 2
L3 2.93 -2.44 -0.45 0.94 5
Mg Ll 242 -0.85 1.87 1.46 3
12 0.48 1.51 -0.05 0.67 6
3 -1.52 2.13 -0.64 -0.40 9

2.8 AS[AIFNEEEAL T 1 pH (AR
WAL, RIES IS TR BE AR f5 8 pH (H
AR RS, 455 (K 6) s, MEnafbs. |
TRBE KB AR, 48 pH [ & Bl I BE R B 1Y
PEET LT IR PR R BE AT, 1 pH {E
B R B R4 S L TR TR, RIS INEENE
mF, R R pHE A 6.01, FALEE. BEHY. &
AR it i fiff - 28 pH (H 31 6.15 ~ 6.20, B2
B AHEME, 13 pH H FTHE 6.10 ~ 6.15,
R AT AR S5 R BoR, S R it g R

— 140 —

WA TRIRBERE A, nIW, SAbBe KB
I BERR 78 L3 BT 3 S REAT R e 1% pH
{H, (5L T T AR A

—— B —— AL R
625 —o—SfbEE o EAEE

+3EpH{E

BERIE (mg/kg)
6 AEITIEEIERT L1 pH EREIE

2.9 BENCIE AR T 5 A S8 45 WS bR 8] 1 AH G PR
I3 HT

3R S FEEAEAS A1 BE R A= S 45 HR b E) Y
AHICHELA N -8 pH (H 54 SRR FRRIAR DG, 45
RNe 5 PR, #5FW, ANEIESBEAZZ M) 2
A SRAE R ANTR], BRIREEEEAEIR 5 Bt 2 R B
Wi (P<0.01) MIEAXKR,; Bk ES
BRI IR W5 et AL BEBENT R i S5+
B R RFEIIM B E (P<001) MIEMHEXER,; Gk
PERRNVR I 5Rh i % BEE LSRRI
W3 (P<0.05) MIEMXKER, ShkmRIHE D%
(P<001) WTAHIGRC R BEMEEIEHR A Stk ]
WHEEARIEREE (P<001) FIEMERR, 5
AIETERE . 4E4 2 C R B3 (P<0.05) IEFHSE
KHRo

iz FH SPSS 26.0 XA [RIE 2 8 N8 F A 32 i A 4
PRIEATHI SN E T 45 SN 6 . 3% 6 R, Jii
HAFIEAR N Sl . Al rms . 4i4 % C &
P B (P<0.01) MIAHSCKRR, SHFik%
FH B (P<0.05) BIFCKR ., UL iEH 9 EE
NEIESAF A S i . TS i, 4
AR CEREFFIESR, 115 pH [ERA AT
PR AR AT o, AR SRR & R 5 118 pH
R EEME, AR gEanEEEaS
5 pH (H 2 0 5 IEAESC, BRSNS, LiE
pH A A9 AL XT AR S A K kB OB SR i i 25
A

S

(T
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RS GIEHERIRES £RETIEIRERE XS

b A k% B PR (s FSUIRES 3 R Ciaicaii HrE%E C
R BE LR -0.374 -0.094 -0.111 0.290 0.730” -0.407 -0.212 -0.212
AP -0.475 0.162 0.444 -0.029 0.405 0.560 -0.053 -0.053
AL BB e 0.797" -0.200 -0.070 0.374 0.310 0.090 0.054 0.054
LR BE N 0.590" -0.831" -0.400 0.584° 0.585" -0.243 -0.105 -0.105
B EENC e s 0.409 0.306 0.774” -0.108 -0.091 0.903" 0.651° 0.651°

Fo HEWE. 1 pH SEREMIBIREHHE XS

Bzt i &% B PR fif 5 FSUIRES 3 AR GiRscRii HrA:% C
BN 0.361° 0.059 0.116 0.518" 0.259 0.088 03717 03717
13 pH 0.364" -0.087 -0.001 0.104 0.453" 0.389" —0.090 -0.047

3 it

3.1 ARPESBAEXT RS K AR

PR R A BTG NEEERTR, il
TN AE BE RE e R A A 0 1A A Wl SRS B Ak B AR,
REAEZE NG 17 AR F ARG 5 B, ATITAR e i X
Th AR UL, R I 23 7 F B i L R R
CAMFIE A B, 3 R R 5 B R Bk E A it H BE
WIS T R, R TR S B R X
B P IRIOCRA 22 5. A5 RM, SESH0
PREFA LL, WIS & B B BE R R 4R i R = ™
B0 BUEANR SR B A gk SR AR Y it
JHEIRE AR A Y BUR = . 25 S
GRS N ABFBIESE, R
ST RY RN X A SR A KR A TR A 257 %
RESBENL AL S . AL S Bk LE S B AL A
MR I B R R E Y T AR S e RS AR R Y
MR, BRI F R AT R 2R A b AR
MRS AL, AR R pH (A, A
)P A B NE RE 2028 4 4% pH L, HBi% 135 pH (H
HIRE FIAN L, DT X A SR A A K e 77 8 9 i Tt
AR R, Ho, S AR, A BE B
PRE S5 K e i A AR B, e AT TR T I AE AL 1
B pHAH ETHE 6.15 ~ 620, i R HEHGE T TR
AR,

3.2 A[EPEABRALRT AR SR it 5T ) 5 R
88 SRl JRUT T, Tt B A BE RE 12 E A A1)
PRI HEZE AL AR, o fie 2 AR s A 8 B R
A, e BERAE IR N e R AL iR CHY
R, T, EAMRERY, EERE SR
PR B8 T 5 it FH RE W S 39 i A= S 4R AR 3R €L i bl
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Effect of different forms of magnesium on the growth, development and quality of lettuce
LIANG Mu-hua', WEI Yi', CHEN Jia-qi', LING Xiang’, LI Xiao-zheng’, LIU Zhi-ming’, YANG Hai-yan’, PAN Qi-
fang'" [ 1. School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 201100; 2. Shanghai Jiao Tong

University Hydrogen Science Center, Shanghai Key Laboratory of Hydrogen Science, Shanghai 200240; 3. Baomak ( Hefei )

Technology Co., Ltd., Hefei Anhui 238060 ]

Abstract: Using Romaine lettuce ( Lactuca sativa ) as the test material, five different forms of magnesium fertilizers were

selected and applied in the pot experiment, including magnesium sulfate ( MgSO, ), magnesium chelate ( Mg-EDTA ),

magnesium oxide ( MgO ) , magnesium hydride ( MgH, ), and magnesium ( Mg ), with four magnesium concentrations

of 0 mg/kg (LO), 3.5 mg/kg (L1), 7 mg/kg (L2), and 14 mg/kg (13), to evaluate the effects of different forms

of magnesium fertilizers on seed germination, yield and nutritional quality of lettuce, and clarify the types of magnesium
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fertilizers and application measures to enhance the yield and quality of lettuce. Compared to the control without magnesium
fertilizer application, five forms of magnesium fertilizer at four application concentrations had different promoting effects on
lettuce seed germination, plant height, aboveground fresh weight, and contents of chlorophyll, soluble sugar, soluble
protein, and vitamin C. The addition of MgH, at 3.5 mg/kg had the best effect on improving lettuce yield with the increase
of seed germination rate by 65% and the increase of fresh weight of each plant by 102%, as well as improving its quality,
the contents of chlorophyll, soluble protein, soluble sugar, and vitamin C was also significantly promoted. Adding
Mg powder was the best way to improve the quality of lettuce, magnesium concentrations at L1 and L3 level significantly
increased chlorophyll, protein content, soluble sugar content and vitamin C content , reaching 70%, 86%, 373% and
120% , respectively. The application of Mg-EDTA and MgO at 7 mg/kg magnesium not only increased lettuce yield but
also effectively increased vitamin C content, reaching 412% and 374%, respectively. The application of MgSO,at 3.5
mg/kg greatly enhanced soluble sugar content by 157%. The application of magnesium hydride, magnesium oxide, and
magnesium powder increased the soil pH value. By conducting principal component analysis on various indicators to obtain
comprehensive scores and ranking them, it was ultimately found that the growth physiology and nutritional quality indicators
of lettuce were optimal when the magnesium concentration of magnesium hydride was applied at 3.5 mg/kg.

Key words: magnesium fertilizer; lettuce; growth and development; vitamin Cj; soil pH value
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