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(U T HRARW P BB e i/ RS AR TSI, [ 5106405 2 RIS 95 U5 -5 IR BE 4 e/ [ PR B B SR 0F 9
M 350002)

O ARHISTAE A g R A TR DT T S0 AT 04 EE TR, i i B 6 AR, S0l P 8 BUMERE (CK) AR HE 8 (M g0)
R AEAL ISR LR 4476 30, 60, 90, 120 kg/hm® MgO(Mgl. Mg2, Mg3. Mgd), i izHisE A [m b BEAC TR Py -4 Mg, N,
P. K fil Ca kb2 5, PFAhH3E Mg B F, A0TSR 4 ORISR R 74T Mg RS0 g, B FEARAH H3 Mg Ve e,
WA IR L0 Mg RPRIR R B SERE R . 253, 5 CK ARBIAM L, fRACCERSIE T, 138 Mg, N. P, K Fl Ca BEUKIEES
HIE/D 36.19% ~ 40.50% ., 29.68% ~ 36.86%. 21.14% ~ 46.74% ., 39.65% ~ 42.83% Fi1 29.65% ~ 48.60%., AMNEGMIEEAL S48 0 1 3¢
Mg SRR, RIS T Ltk &, 5 Mg0 AbBEAH L, Mgl, Mg2, Mg3 fil Mg4 4bH Mg BRURI T4 i 35 1
fNT 42.46% ~ 78.79%. 53.94% ~ 69.92% . 78.92% ~ 101.83%. 133.07% ~ 134.37%; Mg3 Hl Mg4 Kb T 30 xs 458 & 43 ik m
T 69.02% ~ 81.10% F1 68.70% ~ 78.54%, +AEBHESFACHREL TIPS T 9.44% ~ 34.93% F1 14.26% ~ 38.31%, K HBEHI AR
HEAT Mg WhDEs2 BRI AN BT 2B, HscitERE & it BRR AL . PHE it . SSRGS AU & i3 & i s +
HE Mg k. Bk, 7EARmI4C)IVFIE X TT /R Mg B3R N, I S RGERE, Fnh i A= P, DR s A Mg 20K
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Study on Soil Magnesium Leaching Loss in Main Producing Areas of Wax Gourd in South

China

JIAO Jiabin', LI Jinlong"?, LI Jing', CHANG Jingjing', CHEN Xiao', SONG Zhao', LI Zhen" ?, ZHANG Baige'"

(1 Guangdong Key Laboratory of Vegetable New Technology Research, Vegetable Research Institute, Guangdong Academy of
Agricultural Sciences, Guangzhou 510640, China; 2 International Magnesium Nutrition Institute, College of Resources and
Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: In this study, a two-year field experiment was conducted in a typical wax gourd growing area in South China, in which
six treatments were set up: conventional fertilizer (CK), fertilizer reduction (Mg0), and additional application of 30, 60, 90, 120
kg/hm*MgO (Mgl, Mg2, Mg3, Mg4) on the basis of Mg0. By measuring the differences of soil Mg, nitrogen (N), phosphorus (P),
potassium (K) and calcium (Ca) leaching in different treatments during the planting period of wax gourd, evaluating soil Mg
nutrient balance, and analyzing the effects of different soil and environmental factors on soil Mg leaching loss, the effects of
different nutrient management measures on soil Mg leaching loss and identify the key factors that increase soil Mg leaching loss
were explored. The results showed that the cumulative leaching amounts of Mg, N, P, K and Ca under Mg0 were reduced by
36.19%—40.50%, 29.68%—-36.86%, 21.14%-46.74%, 39.65%—42.83% and 29.65%—48.60% compared with CK, respectively.
After the application of Mg fertilizer, the cumulative leaching amounts of Mg was increased by 42.46%—78.79%, 53.94%—69.92%,
78.92%—-101.83% and 133.07%—-134.37% in Mgl, Mg2, Mg3 and Mg4 compared with Mg0, and the exchangeable Mg content
was increased by 69.02%-81.10% and 68.70%—-78.54% in Mg3 and Mg4 compared with Mg0. In addition, soil cation exchange
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capacity (CEC) of Mg3 and Mg4 increased by 9.44%-34.93% and 14.26%-38.31% compared with Mg0, respectively. The

contents of soil exchangeable Mg, rainfall, soil CEC, exchangeable Ca and available K significantly affected the leaching of soil

Mg. In conclusion, in soil Mg nutrition management in wax gourd growing area of South China, attention should be paid to the

application of slow Mg fertilizer and the balanced application of other fertilizers to reduce the leaching loss of Mg.

Key words: Magnesium; Nutrient management; Leaching loss; Magnesium balance; Wax gourd

BEMEM YA K LT EFRIGE, FEYEK
RH B gl A EE EEERY. Mg B E
OIRTFP, 35% M) Mg fE7EmT 4RIk, itoh Mg 1EHR
A SRR BIN T, EiES SRR A1ERP,
Mg XA TF=H IR S R iz i B o6 2, ORI
Mg BRI/ itk hae s P, ok, Mg b
%5 300 ZREFIOIEA, TUT- I A IR fb Bl A
BT M™ HaE S, AT, Mg WHEDC A P
VA B i T b 2 5 VA P AR T

Y Mg 85 EERE T L0, 2=R050 %
Sl A TR R B, R S e Mg T
BIEHR 160.5 mg/kg, m. Jb HIHESS I Mg &t
FEERE S, FIE NN 943, 393.0 mg/kg;
KEA 63.6% 1THEE Mgk T 120 mg/kg), FE
OYARFER 7 HBIX o X — 5 TR T R Mg i
BAL. BERNER . Mg ZAME. BFisbiER RS
AT 55— iR P A S PR 7 A A s B W R
R A, N2 A AT At A R T 145 Mg e
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FEMAAEEE XL,

13 Mg K] EEASEEY R RIERE | M
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Wt i TR, Mg B 2R . KA
SR EUNES 27 SLR A Y o we = 3728 G RYEOR 2Fi L 2y
S, B IR XTI R 155, 455 A AR ke
R RS F R A= R G, B HE Mg ki
P FEAEY B Mg 1 5B R 22— R BRI
BE U e AR G RN SR R R S8 AR Mg
Wikl 44.6 kg/hm® Fl 103 kg/hm?; 7F [ P4 H s
I A, BHAE - HE Mg RN 80 kg/hm?®; 7E
B KSR GE VORI | AR A Mg TRk
BN 118 kg/hm?s 7E TR [ VY dcHEHORL- A SR MR IR
R VR K X e Mg (IR A
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KPR R AR SR I 3R, IR T I &R Mg &
FRAERRE , X T fifp PR [ e g 2 JIN 32 77 X 3l ke
Mg [A] AT H B R B IS B
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1.1 RIe =R

RIETF 2020 4F 3—7 A M12021 4F 3—7 ATE] %
A BRI A SR HE M (113.37°E |, 23.16°N)
A7, 3 e, Bt hEi L+, 0~ 20 cm #f
fEJZ 13 pH H 6.30, FIRMFA 243.7 mgkg. AR
W 242 mgkg . HEAH 2934 mgkg . A A
1097.6 mg/kg. ARUEE 51.3 mg/kg.

2020 41 20211 44 JIRRE 25 119 o T 2 <R AR
R 1 FiR . 2020 A4 TR A K a] d5 e AR
37.5°C, ARSI 13.5 °C, SR 22.1 'C, BFE
IS 1126.6 mm, FEZEPRLE 5—6 H; 2021 4£4
JIA KA ) e i AR 37.8 °C, BRI 14.8 °C, OF
BISR 262 °C, BBEM SR 791.9 mm, FEENPTE
6—7 H.

1.2 KWt SHEERE

RIS 6 AL, A3 LA R BUAE(CK) |
PR RE I (Mg0) J 7 AR AE g i Al _E 34765 30, 60, 90,
120 kg/hm* MgO(Mgl. Mg2. Mg3, Mg4), K[kt
IR AR WL 1. 56N X e FRBE AL IX 4 ) X HE
3, BG4 A NXER , AKX EACY 50 m*.
I HER A RO A =5, SHRIER IR R (%
N 46%) 1 BEBR S (% P,Os 12%) i FR AN (& K,0 52%)
FIBLEREE (& MgO 17%).

R T 2020 4F 3 A 20 H A1 2021 453 H 25 Hik
WA 3 ~ 4 7 B RN — R4 NG i e i Tk |
KRATHE R 60 cm x 150 cm, BEAESE—IRAE A FEAE it
A, TEACIHAE B REEE — it A o 150t AR JE I8 7 =X
R KIS — R 2T, B A o A FE
JUTA T T )AL B I e )t FH i B A B 9 4,
FI5R P 24 b 10 A 15 B
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Fig. 1 Rainfall and temperature changes during wax gourd planting seasons in 2020—2021
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Table 1  Fertilization schemes under different treatments

KRG, ARG RIRARG 4 MHAINE 2), K
i g KB ET BN 0.2 m®, A ZKA b 4k B

b Jiti AE H (kg/hm®)

N P,0s K,0 MgO
CK 490 360 420 0
Mg0 350 180 375 0
Mgl 350 180 375 30
Mg2 350 180 375 60
Mg3 350 180 375 90
Mg4 350 180 375 120

0.09 m*, ZAEET 2016 4F 9 A% MG T
P v S R T 50 AR I R SR MR DR TR, B L R R TR
BN KRR, TE B UCR B DR IR R H FL
FEIC SR IRV A o J 4 B R R VR AR, BR R 4R
IR VR E R BB T bR R VR A I o LTRSS, A3
200 mL Zr4 TiEE R 20 C IRIRIRAE, 5
ff Rt U s A Hr A N, F ICP-OES &

1.3 TEHGHNXESSHT

- IR AR AR BT EEVE D IR R A TR 36 HE A
it FH AT RAE o LABEANI H B N SRR BTG, 7R IR0
HNLL “S™ A A 154, B0 ~20 cm #HEZ
3, LR R KT EAE 20 HAT 100 Hfg, R
R4S M o 228 B 12 I 22 4 S AR A v S U
okt 2.5 0 1.0 1248, J5H pH i1HE 115
pH; SRAImR Y HR I a2 38 2 ; SR 1 mol/L
NHOAc 48— I G HM s s RA 0.5 mol/L
NaHCO; IZ4--4HEH T e il 2 A 24 RA 1 mol/L
NH,OAc T G R 00 A S A AL
By PHES 7SS R 1 mol/L F: 2 R BT #i
E 5 EREMURIEER NG T
14 HERKEREFSEENE

SR FH A FH - S8 00k 9k v i B0 2B o o WA 4 4 T2
IR, RO E A I RS
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Fig.2 Diagram of agricultural soil drench collection device
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2 HEREHH
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Fig. 3 Dynamic changes of Mg, N, P, K and Ca concentrations in leachates under different fertilization treatments
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2020 4EA11 2021 4F Mgl Mg2., Mg3 #il Mg4 4b B i
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JE W S (Mg0) T3 E M NREETE 3 H . 4 AR
5 A BEREAL, 55 B E AL BE(CK)H EL 43 51 B A
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N W TC & 2555 2021 45 4 HAS A, Mgl ~Mg4
AEFRIRGEIE N Ve BE 1 S REAIG, 5 Mg0 A FRAH LU R
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VRV P VR EE, 55 CK ARBEAH Eb 430l FEAIG 30.84% ~
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Fig. 4 Dynamic changes of accumulated leaching losses of Mg, N, P, K and Ca under different fertilization treatments
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Mg=N>P B . ARGELLAIET, N, P, K. Ca
Mg ) RRUKR R AR, 5 CK ARHAH HE , MgO(fh
E ek ) Ab B B AR N P K. Ca Fil Mg A9 BB
Ve, MBI 29.68% ~ 36.86% . 21.14% ~ 46.74% .
39.65% ~ 42.83%. 29.65% ~ 48.60% F1 36.19% ~
40.50%. R Mg & AYIEHN, M4 Mg F1 K 19 2
WAHZETIE . 5 Mg0 AbFAHIL, Mgl., Mg2.

Mg3 il Mg4 4bFE Mg FEBUNSK 535 W1 T
42.46% ~ 78.79% . 53.94% ~ 69.92% . 78.92% ~
101.83%. 133.07% ~ 134.37%(&l 4A, 4B), K ZFik
S AN 30.78% ~ 63.04% . 42.28%. 19.85% ~
66.91% ., 44.82% ~ 45.66%(/& 4G, 4H), 5 Mg0 kb3
AL, 2020 4F Mg2 ~ Mg4 kb3 AT N Z 1) 28
Ve, 7 18.03% ~ 37.45%(E 4C). 2020 4FE Mg3
AE PR ZE AR P R BBUKGE R, 5 Mg0 Ab3AH I

W0 34.17%(F 4E). 1E 2021 47, 5 Mg0 ZbHEAH EE,
Mgl. Mg2., Mg3 Fil Mg4 4b#H Ca SRR 2 b 5
i 27.31% ~ 33.81%(/ 41).
22 AEBELETHEEBUAERES

N[ HE AL B+ 55 pH FIUA LT AY S IR /N
(£ 2), {UAE 2020 4F Mg2 4bFR% CK 3 pH A5 14
Jn, Mg3 Fl Mgd Ab3 -3 HLT & i CK 433
T 15.08% F115.31%; MMifE 2021 4F, #Ab3H 2 (4]
0 ~ 20 cm 3 pH FIAHLR S HET R EZES . 2020
AEFN 2021 4F Mg0 Kb i 28 AR A 38 b A el R
i, 5 CKARHAHFER T 15.37% ~ 19.26%; 2020
4F Mg0 ~ Mgd Ab P2 [] (1) T e R i /L & 1 0 b 2
S, MMAE 2021 4F Mg3 Fil Mg4 b+ 358 v i B fie
i Mg0 AbFR AT FEAK 26.05% 1 20.05%. 5 CK
A EE 2020 4 Mg2 Ab BEAT R 25 b A% 30.23%,

T2 TEMEIEAIERT 0 ~20 cm T 1B L1 RAI S0

Table 2  Effects of different fertilization treatments on soil (0-20 cm) physicochemical properties

Ay AbH pH B HL (g/kg) 1 & (mg/kg) A% (mg/kg) A4 (mg/kg)
2020 CK 6.54+0.33b 21.69+2.35b 1412+738a 36.59+3.83a 190.7 + 33.0 ab
Mg0 6.70 £0.13 ab 23.44 +0.19 ab 114.0+21.6 b 30.69 + 8.70 ab 177.6 £ 6.98 ab
Mgl 6.81 £0.05 ab 22.82+1.21 ab 128.8 + 8.93 ab 29.80 + 4.60 ab 173.0+34.2b
Mg2 6.85+0.09 a 22.65+0.98 ab 117.3 £22.9 ab 25.53£221b 176.3 £37.2 ab
Mg3 6.64£0.12 ab 2496+2.47a 122.6 +15.2 ab 31.62+2.71 ab 196.0 + 26.6 ab
Mg4 6.71£0.16 ab 25.01 £3.06a 1155+£894b 3472+345a 2182+7.08a
2021 CK 6.48+0.11a 23.09+1.60 a 143.8+7.03 a 64.10+3.15a 298.8+19.0a
Mg0 6.35+027a 22.53+1.79 a 121.7£11.0b 52.9+6.98 ab 237.2+24.1 cd
Mgl 6.54+022a 23.53+2.14a 103.1 £20.7 be 62.0+154a 2262+42.7d
Mg2 6.70+0.37 a 2585+571a 123.2+19.0b 614+13.5a 287.+25.0 ab
Mg3 6.70+0.26 a 23.23+2.08a 90.0 +8.74 ¢ 61.0+11.4a 279.5 + 14.2 abc
Mg4 6.70+0.11 a 22.77+2.19a 97.3+4.02¢ 445+5.18b 251.5 +35.5 bed
Ay Qb FR AP EE (mg/kg) S (mg/kg) BH B T3 # i (cmol/kg) LI AN (%)
2020 CK 75.0+9.19 ¢ 914.0 + 64.3 ab 7.76 £ 0.42 be 0.74+£0.04 b
Mg0 72.0+3.02¢ 830.4£106.9 b 7.52+0.23¢ 0.70£0.05b
Mgl 100.4 £ 6.04 b 1064.9+94.7a 7.79 £ 0.50 be 0.85+0.02a
Mg2 83.6+ 11.3 be 813.0+34.2b 7.47+036¢ 0.71+0.06 b
Mg3 130.4+27.5a 1075.+223.0a 8.23 +0.48 ab 0.85+0.10a
Mg4 1285+23.1a 947.5 + 80.6 ab 8.59+0.26a 0.75+0.02b
2021 CK 91.1+185¢ 1529.5+160.5b 10.06 £ 0.99 bc 0.92+0.05a
Mg0 88.9+11.7¢ 1262.6+99.7b 9.12+0.43 ¢ 0.85 % 0.06 ab
Mgl 114.6 +12.6 be 1277.2+153.0b 9.27+0.84 ¢ 0.86 + 0.05 ab
Mg2 136.8 £22.2 ab 1453334140 11.37 £ 1.69 ab 0.81+0.08b
Mg3 150.3+20.1a 1895.5+2543a 1230+ 133 a 0.94+0.05a
Mg4 150.0£29.3 a 19475873 a 12.61 £0.28 a 0.93+0.03a

T FFIARNG 552K [ — 4R A [F Ak BELE) 22 535 P<0.05 3K T-o
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2021 4 Mg4 Ab AT 00 it i 2 REAI% 30.58% . 2020
AEF 2021 4, CK H1 Mg0 &b 38 2 1] () 4 49 58 a6
SHEEDFEELES; 5 Mgo MAL, P4E Mg3
Mgd AbFEYS G 0 T R e R A i, RS
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Mgl Fl Mg4 AbFHIE] 0 ~ 20 em 13504 280 & B A 7E B
FES, 5 Mgl ML, Mgd BB EHN 26.13%:;
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PIAE CK Al Mg0 A P 7] A e 440 1 1 O 35 2%
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B A 43 ) S RGN T 28.23% 1 29.44%,
2021 4% Mg3 Fl Mg4 Kb B 5355 B 1 T 50.13% F
54.25%.

AGRIEH CK A1 Mg0 Ab 3 1] £ 38 BH 2 738 i
TRFELFEE 2), 1 Mg3 il Mgd AbFE + 12 FH 55 1
LAt Mg0 AbERSF G 9.44% ~ 34.93% F

14.26% ~ 38.31%, CK F1 Mg0 AbFH ] + g8 3h Fe it F1
FEIC R E 25 2020 45, Mgl Fll Mg3 Ab B+ 31 Eh
LM RIS Mg0 4358 T 15.60% 1 15.13%, 1i7E
2021 4, Mg0 5 HA: Mg BEEANEE 2 8] JC i 25 57
23 AEERAETENE~XLE Mg HiHE

1&g

WP R SRR R A RN F 77 X 1 Mg ity &
PR, BEEM Mg RGN, GER VR CR
S, MR FIZEFR ) E Mg ZREHE (& SA, 5B).
2020 4 Mg0., Mgl., Mg2. Mg3 il Mg4 Zb ¥ T 145
Mg Bk =5k 30.84, 50.26. 44.59. 52.70 Fi
64.03 kg/hm®, FHrpibkyedit 224351 5 419 Mg i 8
1 73.33%. 80.48%. 78.11%. 76.81% Fil 82.80%;
2021 4 Mg0., Mgl., Mg2. Mg3 il Mg4 Zb ¥ T 145
Mg Bk Ryl 28.21, 36.19, 43.63. 51.55 Fil
57.68 kg/hm®, FHrpibkPeaii e o0 i 18 Mg i B
Y 62.85%. 69.80% . 69.06% . 69.41% F1 71.64%.
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Fig. 5 Soil Mg nutrient equilibria under different Mg fertilizer dosages

W 25 FIE P B A 38, 396 Mg Pl 4 5 A
Z(& 5C, 5D). ARSI FRMTELEIL =
KT 60 kg/hm> MgO(Mg2)ii} + 3 Mg 5 F kb T34k

BN, MiEBEAL AR T 90 kg/hm® MgO(Mg3)
Bf 38 Mg B R TRAVRA, B REBEAE F i Reat
RN -3 Mg Ay B Wi

http://soils.issas.ac.cn



316 +

e 56 %

24 Mg ik ERMEZRSH

SR FH L WL RO X 2 B P A 7 S 4 i 4 I 2 7
X 4 Mg kpksZm KR 1T R (A 6), TERE
P A7 X I M P B B o | o R 2 i ] 0
Mg ZRPERHUR I R B R 2, P 48 Mg ik
VR S TTBRR B 1k 44.89%, 43Tk 22.87% I
22.02%; A, TEEFHE A . ACH RS B i
PRACE B N 3 Mg kbt BAT B, ) 3
Mg ML TR0 16.98% . 16.14% F1 12.87%;
FAIEE R, H AR SLR A | A ML pH X+
HE Mg kit g mAs B2, o 5lh E 7.73% . 5.83%
il 5.49%.,

(=]

5 10 15 20 25

M 4 FEMibk e R 2 K AR X EE A (%)

(B *x43 BIFIR MR 1A P<0.05 F1 P<0.01 4. /K¥, ns FR
AR N TED)

6 ETHNHFMKENEZHRE S LIE Mg HEE

E¥WEZE

Fig. 6 Influencing factors of soil Mg leaching based on relative
importance model of random forest
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