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Table 1 Basic physical and chemical properties of the three types of Mg-deficient soils typical of South China

- HEWURLH K Particle size composition of the soil/(g-kg™)

A J s 44 B

b ki wkr Fki /B RSy A
Soil type Texture Sand Clay Physical clay
1~0.05 mm 0.05~0.001 mm <0.001 mm <0.01 mm
e P 451 149 330
o 2 Bt 186 267 619
AR H1© 221 396 631
o LR B RS 2R FH 25 - 28
- HEk
Soil pH Organic matter / Exchangeable Mg / Exchangeable Exchangeable K/ CEC/
oil t c
. (g'kg™ (mgkg™) Ca/(mgkg™) (mg-kg™) (cmol (+)'kg™)
s D
Gig 5.0 12.4 48.8 976.3 69.3 7.9
s 12 45 27.5 72.5 1472.5 85.0 22.4
a1 @ 4.8 10.6 25.0 281.3 14.7 17.0

DYellow soil, @Purple soil, @Red soil, @Silt loam, &Clay loam, ®Loamy clay
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HHEE JIEL TR 2 230 R A8 JEL [ R

BEAR IR G R = itk b B A BE IR K B -~ CKAL
FRREEMR & ) = B x 100%

B e R= (it - HIEscbE s a -
B R ) + MiBE R x 100%
1.4 HIELIE
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MIAERL, A 3 2 PR L2 HT, il
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£t a3
Yellowsoil  Purple soil

- 0.0
AR g
Red soil

%6t
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13 Soil type
TE: CK, JiIIC AR AL ; MO, fLNLABEH+AILEE; MeSO,, LILABEF+HLIREE; CaMgP, FLALKBEE+4T SRR 5
KMgS, LA +BR R e, [ — L) AR B AR F R R 25 F ik B K P (P<0.05) . R[] Note: CK, applying chemical
NPK fertilizer only; MgO, CK plus magnesium oxide; MgSO,, CK plus magnesium sulfate; CaMgP, CK plus calcium magnesia

0 .
e £+ EAR: W
Yellowsoil  Purple soil i Yellow soil

phosphate, KMgS, CK plus potassium sulphate magnesium. Different letters indicates significant difference between treatments of the
same soil layer (P<0.05). The same below
B SR AL Ak BE X = Fob AN ) - J= - e p HAY 52 1)

Fig. 1 Effects of application of magnesium fertilizers on soil pH relative to type of fertilizer, soil layers and type of soil
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Table 2 Effects of application of magnesium fertilizers on distribution of exchangeable magnesium relative to type of fertilizer, soil

layers and type of soil

A EE & & Content of exchangeable magnesium/

LB AE fb B Variation of exchangeable

= TR (mg-kg™) magnesium/(mg-kg™")
Soil layer  Soil type
CK MgO MgSO, CaMgP KMgS CK MgO MgS0O, CaMgP KMgS
Gis: o 20.0c(d) 100.8c(c) 292.5c(a) 200.0b(b) 97.5b(c) -28.8 52.0 243.7 151.2 48.7
0~15cm %@ +% 96.3a(d) 285.0ab) 511.3a(a) 320.0a(b) 230.0a(c) 23.8 212.5 438.8 247.5 157.5
AR & 43.8b(e) 161.3b(c) 350.0b(a) 203.8b(b) 99.2b(d) 18.8 136.3 325.0 178.8 74.2
g 35.8¢c(d) 66.3b(c) 141.3c(a) 120.0a(b) 53.8b(c) -13.0 17.5 92.5 71.2 5.0
15~30cm  %(1+% 888a(d) 137.5a(b) 166.3b(a) 76.3b(d) 117.5a(c) 16.3 65.0 93.8 3.8 45.0
AR: & 76.3b(e) 152.5a(b) 256.3a(a) 130.0a(c) 105.0a(d) 51.3 127.5 231.3 105.0 80.0
v 27.5¢(d) 73.8b(b) 85.0b(a) 56.3a(c)  51.3b(c) -21.3 25.0 36.2 7.5 2.5
30~50 cm (4 82.5a(c) 107.5a(b) 111.3a(b) 72.5a(c) 142.5a(a) 10.0 35.0 38.8 0.0 70.0
AR: o 52.5b(d) 86.3b(b) 95.0ab(b) 71.3a(c) 133.3a(a) 27.5 61.3 70.0 46.3 108.3

e fER— LR,

[F]— 3 B 5 AR R NG FRE CRINGS ) RRTE0.05K P25 B3, W —178k 5 A F/NS T8 (g

F) FRFE0.05/K 25 8% . FF Note: Different lowercase letters (without parentheses) in the same column mean significant

difference at 0.05 level between different treatments in the same soil layer, and different lowercase letters (with parentheses) in the

same row mean significant difference at 0.05 level between treatments in the same soil layer. DYellow soil, @Purple soil, @Red soil.

The same as below

90 90 &t 90 L *CK
~ 30 | YellowsoAllA 30 Purple soil g0 | Redsoil X MeO
fn 70 k- o 70 - 70 A MgSO,
M§ 60 - 60 60 A CaMgP
i}% g 50 50 50 0 KMgS
= .“_% 40 40 40 r
= s
% £ 30 30 30

é 20 20 20 r
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§ 10 10 10

%D 0 L I L 1 L 1 L | 0 L L L 1 L 1 | 0 I}

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
TREREJE R &L il WEPR e TREREJE R &L
Days after treatment / d Days after treatment/ d Days after treatment / d
P2 = e AN [t 6 Ak MRV TR A JEE i £k

Fig. 2 Mg" concentration curves of the leachates from repacked soil columns relative to treatment
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R B R[] A kb B X R VR TR p HOG i
s CECHEmE ) o BRI S, WUER M pHIEA I

bV B, BT AR R b B Y i B
TSGR P B S AR A N, T H R R R
PR BT RE , Jhk RV P OB 20 T e i 8 7 8 A 5 B
Ve pHE S 3T 2
23 FAESELEN=MTEERIKLEN
A
Wt 25 1 0 S 0 O E AT, 4%t T A 1 B LR
WO S BN, B RBUM R R KB N S
PG TEE (K3) o Jifty=a(1-e"" ) fEd
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Table 3 Regression equations expressing relationship between Mg”” concentration of the leachates and days after the treatment

A fib B (81975 e LIP3 IRVE TR R 1 LI KL Day when peak
Soil type  Treatments Regression equations Correlation coefficients concentration of magnesium in leachate occurred/d
T CK ¥ =0.001 5x* —
) 0.912 5%%* 7
Yellow soil 0.581x + 36.96
MgO ¥ =-0.0259x" +
0.862 8** 26
1.363x +26.30
MgSO, y=-0.031 8x* +
0.769 5* 25
1.592x +32.30
CaMgP y=-0.012 5x" +
0.782 0* 31
0.764x + 11.44
KMgS y=-0.026 13" +
0.820 1* 26
1.338x + 34.34
e RN CK y =-0.008 4x° +
0.814 9% 19
Purple soil 0.325x +23.62
MgO y=-0.014 0x* +
0.800 0* 25
0.706x + 28.80
MgSO =-0.010 4x” +
B g 0.867 6%* 21
0.446x + 25.65
CaMgP y=-0.007 6x° +
0.827 8** 23
0.346x + 17.21
KMgS y=-0.013 1x* +
0.738 5* 27
0.718x +27.23
AR CK y=-0.007 2x* +
) 0.834 7** 39
Red soil 0.560x + 3.11
MgO ¥y =-0.004 4x* +
0.831 3** 47
0.414x +3.14
MgSO ¥ =-0.006 4x” +
B 0.887 5% 40
0.517x + 4.04
CaMgP y=-0.001 3x" +
0.3473 30
0.078x +9.45
KMgS y=-0.002 3x* +
0.961 2%%* 92

0.425x +5.32

e oMM 3, *RFE R MM 3 Note: ** means significant correlation at 0.01 level and * means significant

correlation at 0.05 level

B EERERBPMASE, HXRBHI KT
0.990, EF TH W EKY-. Hik, nTRH AT
FRAS B AT Py P 2 3 SO AN R B M b 3T — o - 48
R E R RROK G R, FREBEAMT, IR
A T A Ak B 2R R 2 i pl e AR R
KMgS > MgSO0, > MgO > CK > CaMgP, iiifif
AT B g A A PR R B 1049 ~ 243.8

kg-hm™?, ARE R0, 55 EE B A A B A9 BE bk 2K
B, HRMTCKAH, Wiy ARslaRm, ik
Ve S 56 MR AT FI 25 94 K 5 45 1l FIEL Ak B A1) B BB UM
P T CRAR R, (H 3k B 45 Kk v 12 T 75 110 i
721 640 dZ2ty, ARUNEEE FRK, Wik
WA A BE T L T I B R S itk sk 1L S A A
MEE RPN R B 5 R, AN R BE NI AL B R
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ALK MgO > KMgS > MgSO, > CK >
CaMgP, il xf 15575 21 4% 4b B8 5 M 2k i 3 [
1£119.3 ~205.5 kg-hm™, H B FR P& A B AE 4540
+ AW RKA M 330 d. L08E FA AR TR

~
(=]

B
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70 gt
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[V
S O
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30 ‘ S0
20
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P KAETTE 11 604 dEF .
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/
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—_— N W
oS O O
\\ |
[ )
oS O
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AT B S Ak BEAE = Aol -3 | 0 B SRARIM AR
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Days after treatment / d
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Fig. 3 Accumulated leaching of magnesium in three soils relative to type of magnesium fertilizer applied

2.4 EEEABALTE ST = 4 158 6 MRk R AY 820
WMEAFR, —Fp 14 LikE60 dJFBEAEMR IR
TE-7.4% ~ 55.6%220) . TR}, 54 - AR A1 N A 56 1)
T 22T RATH, BEMR AR R KU
P B OGO R . B Lt AU fb B . et

80
OMgO EMgSO, M CaMgP KMgS

S 60
20
=)
=
0L 4;9\ &\@ be‘o*
N < ¢
4% &
S % Y
¥ 39270 Soil type
K4 OR[EEERRALEETE = £ 3 LA BE RO R

Fig. 4 Mg’ leaching rate in the three types of soils relative to

type of magnesium fertilizer applied

T R R B B ()RR R 32 3 3k 31133.1% . 42.29%F1
55.6%, it FHAG BERR AL A S N -6.1%, Ui 45
BERRAEIE N T R HE R I HE . Rt SR LS
AL, (AP0 T P Rk

WRYEREE . EHSCHPEEE S (SRS
B MEEMRICE, TIEIBEIEE SR (£4) o AILEE
FEFCENZT I R AL, W30% A, W&
PR R KT e e R, i R4nT i, A5
R P [ R, ORI, —
i dgerh S - SRR AR EENC A 52 R A1k (R4
A PERR R BEAE =l 398 1 A BE e R 38 R

3.0 AEEEA=F1TIE FHITH
MR B E RS T =M R RS
PEEES &, 20360 dRMRTE, ASIREE AEAE = Fh + 15

P TR A [ R AL RS AR IE AN ] o — b RS R,

R4 =R EARESRAEAL TR A R AE E E &
Table 4 Mg fixation rate of in the three types of soils relative to type of Mg fertilizer applied/%
MgO MgSO, CaMgP KMgS
i Yellow soil 30.0 -59.4 12.5 31.5
£8(% 1 Purple soil 0.2 -65.2 45.1 12.2
21 HRed soil 28.8 -63.5 28.7 39.0
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Movement and Leaching of Magnesium Fertilizers in Three Types of
Magnesium-deficient Soils in South China Relative to Fertilizer Type

LI Danping' LIU Dunyi"’> ZHANG Baige’ YANG Min' LI Wenli' SHI Xiaojun"**
CHEN Xinping"®> ZHANG Yuegiang">*'
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Abstract [ Objective ] Magnesium (Mg) is a mineral nutrient essential to plant growth. It is the
central atom of chlorophyll, and also an activator of various enzymes, involved in various metabolic
reactions in plants. Magnesium deficiency can affect normal growth and yield quality of the crops involved.
Nevertheless it has become more and more a common problem in the soil-crop systems in South China, in
the last decades, where though large volumes of chemical fertilizers are applied, little magnesium fertilizers
are, and the removal of magnesium by crop and soil Mg leaching is high. Mg leaching in the soil is one of
the primary factors leading to Mg deficiency in the soil and crops in the tropical and subtropical regions
of China with high temperature and plentiful rainfall. To solve the problem, application of magnesium
fertilizer has become an important strategy. Therefore, it is of great importance to explore characteristics of
Mg movement and leaching in Mg deficient soils as affected by Mg fertilizer application for rationalizing
application of Mg fertilizers. [ Method ] An indoor soil column simulation experiment was conducted to
study movement and leaching of Mg in the three types of acid Mg-deficient soils (red soil, yellow soil and
purple soil common in South China), applied with magnesium oxide (MgO), improved magnesium sulfate
(Improved MgSO,, pH>8), calcium magnesium phosphate fertilizer (CaMgP) and potassium sulphate
magnesium (KMgS), separately, and consequently efficiency of the fertilizers. This study is expected to be
able to provide certain technical support for rationalization of the application of Mg fertilizers in the soils
typical of South China. [ Result] Results show that soil exchangeable Mg increased by 2 ~ 15 folds in all
the three types of soils (0 ~ 15 cm) after application of the Mg fertilizers at a rate of MgO 100 mg-kg™".
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Among the four types of Mg fertilizers, Improved MgSO, was the highest in the effect and followed by
CaMgP, MgO and KMgS, sequently. After 60-days of leaching with simulated rainfall amounting to 1 000
mm, strong downwards movements of soil Mg in the soils applied with MgO, improved MgSO, or KMgS
fertilizer were observed. Compared with the soils with no Mg applied (CKs), the soils applied with Mg
fertilizer had soil exchangeable Mg increased in concentration significantly or by a range of 17.9 ~ 105.4
mg-kg™' in the 15 ~ 50 cm soil layer as a result of leaching of Mg from the top layer (0 ~ 15 cm). The effect
was significant in the yellow soil and red soil applied with CaMgP, but not in the purple soil. In general,
Mg concentration in leachate displayed a trend, increasing first and then decreasing, which could be well
described with a quadratic equation. Accordingly, the amount of leached Mg from the soils under different
Mg treatments could be well matched by exponential equations. The accumulated Mg leaching from the
yellow soil varied in the range of 104.9 ~ 243.8 kg-hm™, which was close to that from the purple soil, and
2 ~ 3 times higher than that from the red soil. Compared with CKs, application of MgO, improved MgSO, or
KMgS fertilizer significantly increased the amount of Mg leaching in the yellow soil and purple soil, while
application of CaMgP fertilizer did reversely. After the leaching experiment, the leaching rates of the MgO,
improved MgSO, and KMgS fertilizers applied in the yellow soil and purple soil were all higher than one-
third, whereas lower than 7% in the red soil. On the other side, application of CaMgP enhanced retention of
Mg in the soils, and slowed down the downwards movement of Mg, thus reducing Mg leaching during the
leaching experiment period as compared with CK. [ Conclusion ] By considering integratedly the effects
of the four types of magnesium fertilizers on availability, retention and leaching of Mg in the soil and
retardation of soil acidification, CaMgP fertilizer is preferred for all the three types of acid soils typical of
South China, although its biological availability needs to be studied further.

Key words Types of magnesium fertilizer; Acid soil; Movement; Leaching; Retention; Calcium

magnesium phosphate fertilizer (CaMgP)
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