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Abstract: [Objective] Effects of magnesium on the growth, development, and metabolism of Citrullus lanatus were studied
to determine the appropriate nutrient supply for the melon cultivation. [Method] At the concentrations of 0, 24, 48, 96, and
192 mg~L71 on magnesium in sand culture, the growth characteristics (i.e., leaf and root morphology, chlorophyll fluorescence,
and biomass accumulation), fruit quality (i.e., vitamin C, soluble solids, soluble protein, and soluble sugar), and physiological
responses (i.e., osmoregulation, membrane damage, and antioxidases) of various C. lanatus varieties were compared.
[ Result] In the range of 24-96 mg-Lfl, the application of magnesium reduced the vulnerability of leaf membrane to
damages, increased the contents of antioxidant glutathione (GSH) and ascorbic acid (AsA) as well as the activities of

photosystem II (PSII), peroxidase (POD), superoxide dismutase (SOD), catalase (CAT), and monodehydroascorbate reductase
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(DHAR), while decreased the contents of malondialdehyde (MDA) and proline (Pro), and reduced the cell membrane
permeability of the leaves. The addition also promoted the AsA-GSH cycle, photosynthesis, and the biomass accumulations on
vitamin C, soluble solids, soluble protein, and soluble sugar. Among the treatments, the 48 mg-L7l magnesium addition in the
culture substrate rendered the most significant improvements on the growth and development of C. lanatus. Whereas, either a
deficiency (at 0 mg-Lfl) or an excess (e.g., at 192 mg-Lfl) on the nutrient ill-affected the membrane lipid peroxidation and
shortened the plant roots. Furthermore, the chlorophyll fluorescence declined as indicated by the lower oxygen evolution
complex (OEC), quantum yield for electron transport (¢g,), and receptor library capacity (Sm), the density of reaction centers
(RC/CSo) decreased, the light energy absorption per unit reaction center (ABS/RC) lowered, and the dissipative (DIO/RC),
capture (TRO/RC), and Q, reduction rate (Mo) increased. Thus, either deprivation or over-supply of magnesium could
significantly disrupt the normal photosynthetic function inhibiting the growth of C. lanatus. [ Conclusion] Particularly in
deficiency, but also in excess, magnesium in soil could diminish the PSII activity and retard the growth of C. lanatus.
Appropriate application of the nutrient, such as at 48 mgLf1 concentration in soil, could effectively improve the physiological

activity, stabilize the structure and function of PSII, strengthen the leaf photosynthesis to result in healthy growth and high
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quality fruit production of C. lanatus.

Key words: Citrullus lanatus; magnesium; physiological and biochemical characteristics; response mechanism; chlorophyll
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Arnon it 7 ) e 1 prR", sy — 2 H AL 10y
JNFF, A EFNEI AR, KRS HEEH2 8 h,
R T IOK K E , B 30 °C JiRAE . ffh R
WA, BHBMmEEEAE L, R —ERE
. RN R — DR EME T READ TR AT,
ZHLKE (35 cmX 40 cmX40 cm), 5 dJ5IF A A0 3,

#z1 EFALH

Table | Formulation of nutrient solution

e wEME R HILRE TR
Compound Compound ?]ontent/ Content of ce}:ement/

(mg-L ) (mg'L ")

Ca(NO;), 4H,0 1000 Ca:169.70
KNO; 500 N:187.80
KH,PO, 250 K:337.00
K,S0,4 160 P:56.90
C,oH,,FeN,NaOg-3H,0 21 Fe:2.80
MnSO,-4H,0 2.02 Mn:0.50
H;BO; 2.86 B:0.50
ZnS0O, 7TH,0 0.22 Zn:0.05
CuSO,4-5H,0 0.08 Cu:0.02
(NH4)¢M070,4-4H,0 0.02 Mo:0.01

AR R EBEN 0 (BREELLEE ) | 24, 48,
96. 192 mg-L ' 45 5 AbBE, £ MgSO, 7H,0,
0 mg'L ' AL B SO,7 LA KoSO, A%, A4S b 3
6MHEE, U 6k, ATHIM 1 dbe—KEFRK,
FRRDREERE AR 1d 5E—IK, IR R AR
B4 BE—IK, BR300 mL, HAld 4R R4y B
FEREEAT o 43 30 (& 109 . e 46 R I TSI B TR
L S R 5 R AT AR B A AR AR AR A2, R A
RIS VR 5 IRAF- T80 °C 45 M .
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11:00 75 Pt = 5O 675380 i 2ethZk (OJIP)
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3RS 4 IhREN k. B MR A mitE oy
2, D\ OJIP 75 5 fHh £k v ] 3145 RE A% B i 74 IO R 58
I (PSTT) Wy4E4s, GIEWM NS5 Wik (&)
JEIEAH Fo, e RISEMH Fy, HEAK AR OEC, Hfi
T AR 3 1 5 g H e E B RC/ICSo R, Vy KRR
JRUMXT AT A, Mo 3R Qp #I48 JiT (1Y) d5c K R
Sm FRPRUELL T IFE OJIP 28615 Tt 26 Fll F=Fm 2
R TEAR, ] Wo FoR i 4R i+ i 1% 3 3 il 1
i il ) QML FZ KA , og, /R
ML T 1% 3 ) 7 F 7= 4, DIo/RC FR B S N H 0 FE
RIS, ABS/RC 271 B0 SN Hh L I 9
AE . TRO/RC # 7R H A7 fz W Hfv L 3l 4K 9 JH T 38 J
Qa MHET

VOURA K A & | A0 0 R0 g IO, HUSE
T R — P r, D AR A A A, DN DTk an
T WERBUIR MR (reduced ascorbic acid, AsA)
FBE A PUIR L AR ( deoxyascorbic acid, DAsA ) &
S VL6 35 0 L 0 B SR P v s
AT VR R0 AT P AR G 0 SR D R - R 1 RN
s TIED  BAIEALES (superoxide dis-
mutase, SOD) KX f & # P4 mMt  (nitro-blue
tetrazolium, NBT) St Akif 5k & , i % 1k =
(catalase, CAT ) ¥4 R JH 5 AP CEE I &, 3 4
LY BE (per oxidase, POD ) i 4 2% F A AN A W 32 M
JE , MDA & % B AR I I % iR ( thiobarbituric
acid, TBA) Mt (o ikl %€ , iiF & fifi 2 (proline,
Pro) & W RZEHOEIE , YOI il 2 i A Ak Py g
(‘ascorbate peroxidase, APX ). it & ¥t IF Il iR if I
fi# ( dehydrogenation ascorbic acid reductase, DHAR )
0B S PUIR IL R 38 IR ( monodehydroascorbic acid
reductase, MDAR ) % P &% # Il € £ H& Nakano FlI
Asada™ 1y 7 1 s &M H K i8S JE EE ( glutathione
reductase, GR ) i 1 i 5 2 F Halliwell 252 1) 5
B BRI BEH K (glutathione, GSH). %A fk Y
BB H K (oxidized glutathione, GSSG) 7 & (1) &
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HL, 7F 48 mg-L " K AL IR R VG bR . MK . AR
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Table 2 Effect of different magnesium application on growth and development of C. lanatus

Mgl Bk B A HRAAEIR B i i RFE A
Mg mass concentration/ (mg-L_1 ) Plant height/cm Root length/cm  Root volume/cm®  Plant dry weight/g  Root dry weight/g  Biological yield/g
0 172.07+2.80 Dd 7047+1.72Dd  9.67+0.58 Dd 19.33+0.58 De 1.22+0.16 Dd 20.55+0.60 Ee
24 188.87+1.39CDd  72.974+0.81 Dd 14.33+0.58 BCbc  23.00%+1.73 Dd 1.87£0.27 Cc 24.87+1.68 Dd
48 27230+ 1448 Aa  116.13£5.01 Aa 20.67+2.08 Aa 43.93+2.08 Aa 4.731+0.32 Aa 48.66+2.23 Aa
96 244.67£10.52Bb  92.43+4.19Bb 15.6710.58 Bb 36.83+1.61 Bb 2.78+0.19 Bb 39.61+1.43 Bb
192 215.17£1545Cc  84.20%£1.08 Cc 12.33£1.15 CDc 30.80£0.26 Cc 2.49+0.16 Bb 33.294+1.42 Ce

e WH RH RN, KEFEANGFRERNFFE 2R RE R (P<0.01) MEZEESR (P<0.05). N,

Note: In Duncan’s new multiple range test, data with different capital and lowercase letters indicate a highly significant difference (P<<0.01) and a significant

difference (P<<0.05), respectively. Same for the following.

RBWE R (B 1), PO R seEE Rk

SRR B R E /I, R i D JF B/, AR A
55, MAR N ECEMSekak, A S S AT IR

BB AL G O W B ok (R A, A R I
VOB BERE IR AL A f™ 5, B QA AL, VH T bR
THEMILP AR, Btk (192 mg L) SERFEHR
RV RAE AR RN, iR s, MR A I ) B
Gllr, UMb MG, ™ A AT LR AR A A sl
AR R B . 7E 48 mg L BEK AL 3R P R
RIA RAER, Ht 5 ER B ERSE ., e, K

24mg-L' 48mg L' 96mg-L"' 192 mg-L*!

Omg-L!

0mg-L™!

24mg L' 48mg L' 96mg L' 192mgL"!

TE: AL FILA2 23 5 R gk AL A R .
Note: Almeans full bloom period; A2 means melon expansion stage.
E1 AREEEENERFSEEEHAMFESHZIE
Fig. 1 Effects of different magnesium application on leaf
morphology of varied genotypes of C. lanatus at different
growth stages
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F . 4EAE 2R C S5 W T Y o Bl BE JOT 4 VA B 1) 185 O 2
AR R RS, HAE 48 mg L BEAL R ik ﬂ
AR, HEEHBEELS, Y¥Es T 48 mgl’
If 2% b B E SR TR bR T BEAHAR L B BE AL FR A 5, 10
SRR T PG I BT Y S b RO, R B T4
o PO IR S o
2.2 XM SRR F R0
221 #F®HNH PSR R FSHE, RE TR
HASAZ R #on R 40K, FEAFBELE TR
A F I B RC/ICS, /N5 52 B AL ) A8 fk R
BB E BE BT i vk B A 3 I RC/CS, BRI i e T+
JE R, 7F 48 mg L BEAD PRI KB (F, BebE
A de /0N, AVRBE B ok o b B = TR EE AL BE . f b
VLA PG JITE 48 mg- L B b FHIN A5 JE 05 B0 375 BR Y
PSI i .02 568 E M, miskes | (IRBEmEE
I PS T SOz AN E b, SCEERT S, B
B oK, R 4WH, R = EF W
Vi B 5 BT v B A 1S 2 B e R S Y ) A, 48
mg L BEAN B D, BREEAL B RO, JLUCR
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Table 3 Effect of different magnesium application on fruit quality of C. lanatus

Mgl 5T ik AL TR E T LTI ) AR VAR A erEzC
Mg mass Central Marginal Soluble Soluble Vitamin
concentration/ (mg-L ™) soluble solid/% soluble solid/% sugar/ (mg-'g ) protein/ (mg-g ) C/ (mgg™h
0 9.04+0.37 Cd 6.25+0.24 Cc 42.24+0.19 Ee 13.824+0.17 Ee 21.37+0.21 Ee
24 9.37+0.27Cd 6.491+0.22 Cc 43.194+0.21 Dd 17.574+0.34 Dd 25.89+0.23 Dd
48 12.65+0.27 Aa 8.924+0.16 Aa 56.681+0.22 Aa 2436+0.20 Aa 32.56+0.24 Aa
96 11.94+0.21 ABb 8.25+0.20 Bb 50.55+0.35 Bb 21.31+£0.21 Bb 31.97£0.07 Bb
192 11.081+0.62 Be 8.15+0.11 Bb 48.96+0.26 Cc 19.28£0.14 Cc 30.45+£0.31 Cc

BER RAL . U] 48 mgrL ' BEAL I PS TS s ]
B Qu BB, Qu i Qp HLF 14 ik flE I 4 itk
AT, R R T I b B R P TR (7 2 4 9 3 4

PS I (4 S B AR AR BE R SC IR R Q, FHLESR T
BB EE P Qa 11 Qp UL T151%

R4 TREHFENENTEEKNA PSI| REFLHEMTEEENZM
Table 4 Effects of different magnesium application on PS || RC/CS, and closed extent of varied genotypes of C. lanatus

& ] Stretch tendril stage FEAEH] Full-bloom stage i R Growth stage

Mgy iR i

Mg mass concentration/ (mg'Lil) RC/CS, \2 RC/CS, \ RC/CS, V;
0 285.92+7.62 Dc 0.54+0.05 Aa 25240+627Cc  0.68+0.01 Aa  235.68+£595Dd  0.7240.05 Aa
24 302.51+4.04 Cb 0.45£0.02 Ca 289.56+t4.12Bb  0.55£0.04 Bb  269.72+5.81 Cc 0.63+0.03 Aab
48 357.261+8.38 Aa 0.23£0.01 Da 348.41+5.11 Aa 0.25£0.01 Cc  334.29+391 Aa  0.3240.03 Cc
96 314.711+4.54 Bb 0.46£0.05BCb  289.80+243Bb 0.48+0.05Bb  285.71+4.10Bb  0.53£0.05Bb
192 30423+3.95BCb  0.524+0.03 ABa  287.04+5.05Bb 0.54+0.07Bb  273.25+6.18 Cbc  0.6510.08 Aab

2.2.2 43Nt H PS | BB P B 65t

Qu MR, 48 mg-L ' AbFRI TGN F Q) TR,

(B A R /N AT D s e v I i e g H s 1% 1 A 5 55
E 2 ATLIE Y, AV EE BT IR B U TR | 1/Fo-1/Fyy
HAE SR IR, I 1/F - 1/Fy (B AR 25
THABM AT BAEHTAIEZ TIPS R 1/Fo-1/Fy
{H Bl 5 B T VR FE A B I RIS TR BRI R g, 1
48 mg-L ' BEANFI fe K, B A B AY (4 Ok TR
BERIBEEALEE AP 48 mg L AbBEAS PR B PS T
JRE H G T IR S v TR | (IR RN B A
OEC L 1] & /N U5t B HLO 114 24 fiff 2 41 i i )™ o,
B2 BoR, POR=AEF WM OEC L] ¥ ki Bk i
ViR A B S S R A, 48 mg L BEAL
PEAF IR R, HSHAhb A3 2R, 8
o AL PR b TR AL B BB L (RBE AN
B A R i B OEC 32 B F 4553, T 48 mg-L '
AR OEC YEHHIER &4, VORI F LA ERIE R 2T,
M2 S AlAL, PERNFEAREAF B 5 i M, (8
Wi 56 I AR R A B 8 S SRR R M ke B, SR AL
PR M, H 555, 48 mg-L ' B BRET M, (A%, 4
BETR BRI T 48 mgeL ' I M KK Bl TS
E AR F Bl BE A 3, 18 B it B T LA R IR P R

AREFWM R A S, Area, W, Fll g, Fi4E 5 &k
JiE R 4 2 IS I S W A B, 7E 48 mg L BEAb
PRI IR B e A, T BB AL B A, Hh B i
SR B I Se R AR Y v T BB L (REEAL L, R
SRR e ™ 4 PE R PS T 3244
223 #35 %Nt A PSR B ¥ Bk IR A 69 %R
SEES IR I 51 BRI N N i R o = i | o sl R v a2
PTG RE R I (ABS/RC) . #ifi3k (TRy/RC) LA
FAEHL (DIYRC ) BEA 3G 35 52 56 0 5 1 A ke 3
T 48 mg L BE b BRI 2 5 B die /ML, T 24 4k 2R o i
w T 48 mg L W FIRSBEA I T, HERL T bt
BEAL R, HAS it R A 3 5 e b B LR AR T B
e E =S BE AT i A B VY R A ) ABS/RC,
DIyRC ik [ ZA F g MR EEAL B . 75 )R =4
[a = L e Y v A TN A E I Rl s R A b v N O 8T
(ETyRC) Fifi g i34 i 35 R B e T s B i 3,
7E 48 mg L BEAb BRI ik B O, R T s i 22
SN EAS, AR R N SR A R
5, HBEE AT MR i 519 ETyRC {8 A T k%
&, 55 AN B Ab F ET/RC 1A i T B Bk 5 4k
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BRI VK Mg mass concentration/(mg-L™)
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Fig. 2 Effects of different magnesium application on leaf 1/F-1/Fy; and OEC proportion of C. lanatus at different growth stages
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RS5 TEEFEENARTEEEHAMTF M. Sm. Area. ¥, F ¢, I/

Table 5 Effects of different magnesium application on leaf M, Sm, Area, ¥y, and @g, of C. lanatus at different growth stages

R Mg/t i SR
- M Area (X100 ¥ ;

Time Mg mass concentration/ (mg-L ™) 0 Sm rea ) 0 Peo
0 0.94+0.06 Aa 17.32+1.11 Dc 226.67+17.93 Bb 0.29+£0.05Cb  0.23£0.02 Cc
24 0.71£0.04 Bb 24.10£2.05 Cb 232.00t11.14 Bb 0.361£0.02Bb  0.33+0.03 Bb

Y
f X/E 48 0.524+0.01 Dc 33.12+1.41 Aa 276.00+11.14 Aa 0.66+0.01 Aa  0.53+0.03 Aa
Stretch tendril stage

96 0.53+£0.05CDc  31.34+1.40 ABa 261.33+12.22 Aab 0.631+0.03Aa  0.51%£0.03 Aa
192 0.60£0.03 Ce 29.96+1.45Ba 255.33+21.39 ABab  0.62+0.03 Aa  0.49+0.05 Aa
0 1.02£0.02 Aa 14.62+1.69Dd  259.33+31.77 Dc 0.22+0.03Bb  0.18%+0.02 Dd
24 0.80+0.04 Bb 22.47+1.03 Cc 384.671+12.06 Cb 0.28+0.05Bb  0.27%0.03 Cc

Jrwig:

AL 48 0.55+0.02 Dd 32.61+1.19 Aa 502.00112.00 Aa 0.67£0.03Aa  0.53+0.01 Aa

Full-bloom stage

96 0.65+0.05Cc 32.77£0.78Aa 482.67+16.17ABa 0.63+0.07Aa 0.51+0.01Bab
192 0.67+0.03 Cc 29.01£1.06 Bb 448.00+33.05 Ba 0.62+0.01 Aa  0.47%0.02 Bb
0 1.40£0.03 Aa 10.62+1.01 Dc 251.33+21.94 Bb 0.19£0.03Dd  0.14%0.03 Db
24 1.02+0.07 Bb 20.26+0.93 Cb 378.331+23.54 Bb 0.27£0.01 Cc  0.20%0.02 Cb

W 48 0.53£0.05 Cc 35.45+1.03 Aa 499.33+8.08 Aa 0.58+£0.03Aa  0.52+0.04 Aa

Growth stage

96 1.05£0.04 Bb 34.15+098 ABa  494.671+25.79 Aa 0.57£0.02Bab  0.47%0.01 Ba
192 1.05+0.04 Bb 33.13+0.77 Ba 482.671£21.94 Aa 0.50£0.04 Bb  0.46+0.02 Ba

B, X # W 48 mg-L ' AbBRAT LU S T TR

REEE, 800 DN IAFE RO 451 2k B REH , 1 Bk A o AT
BEAL BEPFEROE N, RERE MBSO

2.3 SEXTTE N A 555 BT 49 B R 4R B RS i 1 MO B2

P4 R, M b BN P TR [ AR e
MDA Fil Pro £ i FUSSIR— 8, BNV 2556 F he v 16
/il MDA Fl Pro %5 it 5 e #4748 mgL '
BE I P IO - MDA 1 Pro & kR /l,  HL5 HiAl
REFEAR S P 2 B, M R Ik 5T 48 mg L
i} MDA il Pro £ 12 FF 1 34 {389 8% T Bl o 6 46 b
B, LD R PSR A MDA Al Pro Sk . A
R B, FERS I I 3 9 A4 4 o e 2
5T T WA 700, 3 ) Bl B ot 3 7

PN D0 i) Ny W IV 0 NI N e SR = ) i1
5% 125 1 4 it 6 Tk A BE ) 6 I B SRR U R, T
48 mg-L " B b FHL e 240 O 25 e L T A Ak B £
A0 R R G I, HLARIA B 25 e, Hoh B BE
B e A B AN O R, U R R AL
YU, SR R B R A BT DY I AR A AR
T NG A RN, X R AR AR A, R s £

Fh .
24 HMAENRMAREXHIREELEEREHR
LRI

241 # 3% J\vt B/ SOD. POD. CAT &M & %R
R 5 B o B R s, PEOIURE AR F it A
SOD. POD. CAT i ¥y 8 S T 5 e i e 44
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Fig. 3 Effects of different magnesium application on leaf ABS/RC, TR(/RC, DIy/RC, and ETy/RC of C. lanatus at different
growth stages

48 mg L BEAL BRI IV AR, 2 BE R vk T A 48 AhFR (D5 ) o Ut B i B Ak 3 — 3 T P AT AR 5
mg-L I 6 K T HR F B E R T BB kb P/ A SOD. POD. CAT ik, BRIt il—iz
B, HAth i B8 Ak B 5 e B Ak B 2 R B A A D 2 FEJE _EAMElx = ANEEE T, ELBEE Mt B i ok .

S, Bk Ak B I 5 0 4 e o IR R B 242 43 % INeT B AsA-GSH 18 3R X it i 1 89 % R

a1 & 1 Stretch tendril

A U0 N 2
(=
T T d

_ N
(=R

MDA & MDA content/(nmol-g™")
= s

C BE1E3 Full-bloom
= If R Growth stage

24 48 96 192
BRI R IR

Mg mass concentration/(mg-L™")

W B I E R & & Pro content/(ug-g™)

180
160
140
120
100
80
60
40
20

2 & 1 Stretch tendril 2 & Stretch tendril
c Z A3 Full-bloom C BEAE 3 Full-bloom
=lf R Growth stage

[l )R] Growth stage 08 -

20l R 1

Cell membrance permeability/%

24 48 9 192 0 24 48 9 192

B BRI L B o B B
Mg mass concentration/(mg-L™") Mg mass concentration/(mg-L™")

B4 TEMEEXNERAESEFHME MDA 1 Pro & 8 LUK 40 IEIE 4 Y5200

Fig. 4 Effects of different magnesium application on MDA and Pro contents and membrane permeability of C. lanatus at

different growth stages
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Fig. 5 Effects of different magnesium application on SOD, POD, and CAT activities of C. lanatus at different growth stages
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Fig. 6 Effects of different magnesium application on APX, MDAR, GR, and DHAR activities of C. lanatus at different growth

stages
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Fig. 7 Effects of different magnesium application on GSH and GSSG contents and GSH/GSSG of C. lanatus at different

growth stages
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Fig. 8 Effects of different magnesium application on AsA and DAsA contents and AsA/DASsA of C. lanatus at different growth

stages
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