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1 200 m, 9.1C, 171d, 2001 : 2001
20°C 386C, 210C 3029°C, (3 ) 2001 (9 )
s 0~ 100 cm
lmm 0.25mm
( DTPA-Mn) ,
1.2 2000 9 0~ 60 an
CK ( N 60 kg hm %, P,0s5 60
kghm™®  Mn( N 60 kg hm %, P, Os 60 DIPA (pH7. 3) —
ke hm™ %, MnSOs 2.5 ke hm™ %, Mn 25.8%)2 ; HNOs-HCIO+HF
,3 R 55mX4m, - L
1984 1985 « 4 7, 14
1986 ~ 1995 « 1317, 1996 « Tessier
134, 9 , 6 ] :
, , 6
i 1 25°C,
1.3 101
1984 1987 1990 191 1992 1993 1995 SAS
1
Table 1 Sequential fractiondbn of manganese in soils
Fradions Extrad ants Operation condition
FMn 1 mol L™ ' Mg( NO3)»( pH7 0) 2h Shake 2 hours
Whe Mn 0. 1 mol L7 ! Na,P,0,(pH9. 5) 2h Shake 2 hours
Carb-Mn 1 mol 17 'NaOAe-HOA ¢ ( pHS. 0) 5h Shake 5 hours
OxMn-Mn 0. 1mol L' NH,OHHCI ( pH7. 0) 0. 5h Shake O 5 hour
She-Mn A: 30% H,0,(pH2. 0) A 85C , , B
B: 1 mol L~ ' Mg(NO,) A pH7. 0) Extracted with A at 85°C twice, then extracted
2 hours with B at 25°C
M in-Mn HNOsHCIO+~HF
(2
2 , .
2.1
2
Table 2 Total manganese cortent in the soil profile (mg kg™ ')
Soil depth
Treatments 0~ 15 cm 15~ 30 an 30~ 45 cm 45~ 0 an 0~ 60 an
Mn 655 4 635.0 621. 1 627. 3 634.7
CK 639 6 62.3 a06. 3 626. 1 623.6
Increment (%) 25 2.0 2.4 0.2 1.8
LSDyos = 10.67,LSD; s = 15.09,LSDy 5 e qment= 10- 67, LSDg 5 profile= 15.09
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, [ DIPA-Mn ( 3 4 ,
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s Wilson '8
, 1984 ~ 1990 191 ~ 1993 DIPA-Mn .
1995 ~ 2001 DIPA-Mn > DTPA-Mn
, 1991 1995 DIPA-Mn ; 3 ,
( 1) ) ’ ?
, 1991 1995 s s
\ DTPA-Mn , DIPA-Mn
R 2001
s 20~ 100 an
DI'PA-Mn 33.0% 48.2% 33.9%
%:D 20.3% ; 0~ 100 cm DIPA-Mn
i;o 26.7% 2001 , 0~
2 30 em DTPA-Mn , 30~
% 100 cm s 13.3% ~ 28.6% ,
@]
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9 L L A 1 L L L L J ’ ?
1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 DIPA-Mn ;
Ey Year 5
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Fig 1 Variation of Soil DIPA-Mn contents from 1984 to 2001
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Fig. 3 Soil DTPAMn content at the wheat regreening stage in 2001
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Fie.4  Soil DI'PA-Mn content bdore sov ing of wheat in 2001

TaHe3 Percentages of manganese fractions in soils (%)

Treatments Layers (an) ExMn Whe-Mn Carb-Mn OxMr-Mn She-Mn MirMn
Mn 0~ 15 0.15 0.57 55 2.10 1. 86 89 77
15~ 30 0.10 0.57 4 64 2.46 2.06 90 17
30~ 45 0.05 0.47 51 3.39 2.45 88 53
45~ €0 0.05 0.49 591 3.73 2.35 87 46
CK 0~ 15 0.06 0.45 4 56 1. 74 1. 41 91 78
15~ 30 0.07 0.54 4 28 1.95 1.78 91 38
30~ 45 0.04 0.46 519 2.50 1.59 90 2
45~ €0 0.01 0.44 549 4.95 1.79 87 32
2.3 ,
3 , ( 95): O~ IS em 45~ 60 cm
, , 146%  570%, 15~ 30
87.32% ~ 91.78% ; cm 30~ 45 em , 37%  27%:;
, 0~ 15 an , 29%,
(4.28% ~ 5.91% ) > (1.74% ~ 4.95% ) > 45~ 60 cm, 12% ,15~ 30 em 30~ 45
(1.41% ~ 2.45%); cm ; 0~ 15 em
, 0.44% ~ 0.57% , 15~ 30 an 45~ 60 am, 30~ 45
0.01% ~ 0.15% ,0~ 60 cm cm ;
> 30~ 45 cm ,  38.87%,0~ 15 cm 15~ 30 cm
> > > > ,45~ 60 cm ;
(95 30~ 45 cm , 57.51%, 0~ 15
) cm 45~ 60 cm , 15~ 30 em ;
, , ,  0.22% ~ 0. 68%
, ,15~ 30an 30~ 45 an ,0~ 15 cm

45~ 60 cm 6

B
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Table 4 Correlation analyss of soil DTPA-Mn and manganese fractions

DTPA-Mn

ExMn Whe-Mn Cab-Mn OxMn-Mn She-Mn Min-Mn TotMn
DTPA-Mn 1. 000 0.809"" 0 748" -0.183 - 0 768" 0.155 a 779" 0. 616
ExMn 1. 000 0 902" 0.098 - 0598 0.102 0 789" 0. 777"
Whe-Mn 1. 000 -0.033 - 0458 0.256 0 620 0. 625
Carb-Mn 1.000 Q0 557 0.413 - 0240 0. 282
OxMgr-Mn 1. 000 0.415 - 073" -0.243
She-Mn 1. 000 - 0337 0. 46
MinMn 1. 000 0. 814"
Tot-Mn 1. 000

®oOEE 0.05 0.01 Note: * and ** mean differences at 0 05 and 0. 01 significant levels

2.4 ( birnessite) , ,
DTPA-Mn : I
(4 DIPA-Mn DIPA-Mn

( manganite)
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, 5 ,
. . 52%,
DTPA-Mn 28%,
. : 12%, 92%
( &%),
, 5 ,
5

Table 5 Principal component eigenvalues of the sol manganese frad ons

ltem Fist principal component Second principal component Third principal component
Eigenvalues 3.68 1. % 0.84
Proportion (%) 0.52 0. 28 0.12
Cumulative (%) 0.52 0. 80 0.92
(0 .
2
2 2 2
2 2
2 2
6

Table 6 Principal component eigenvectors of the sol manganese frad ons

Amalyss items First principal component Second principal component Third principal component
ExMn 0. 91 Q 184 - 0.091
Whe-Mn 0. 436 Q0 208 - 0.398
Carb-Mn - 0. 076 0 597 0.458
OxMgeMn - 0. 380 Q 400 0.201
She-Mn - 0. 065 0 561 - 0.598
. . s DTPA-Mn
0.4~ 1. 7mg kg l;
; 3) )
5
> > > >
> ; 91.13% ~
98. 58%
s
5
1) 4)
; 0~ 60 cm

2) DTPA-Mn
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EFFECTS OF CONTINUOUS APPLICATION OF MANGANESE FERTILIZER
ON MANGANESE BEHAVIOR IN DRYLAND SOILS OF THE LOESS PLATEAU

Wei Xiaorong"? Hao Mingde' Shao Mingan'

(1 State Key Laboratory o Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water
Conservation, Chinese Academy o Sdences and Minisiry ¢ Water Resources ( Institute of Soil and Water
Consavation, Northwest Sa-Tech. Unwersity o Agriculbure & Forestry), Yangling, Shaama 712100, China)
(2 Graduate School f Chinese Academy o Sciences, Bejing 100039, China)

Abstract Manganese déiciency has been a problem in agricultural pradice in many soils in North China and manganese
fertilizer also has been extensively used to correct the problem. In order to further understand beéhavior of manganese fertilizer in
soils, a longterm field experment was initiated in 1984 on continuous application of manganese fertilizer in dryland soils of the
Loess Plateau. After 17 years, availability and fractions of manganese in the soil were investigated using a modified sequential
extradion technique. The results showed tha total manganese and DTPA exiractable manganese were not inareased much in the
soil. But the latter did show an increasing trend with the time, no matter manganese fertilizer was added or not. In addition, the
application of manganese fertilizer contributed little to inarease of soil DTPA-Mn, which ranged from 0.4 to 1. 7 mg ke~ '. Mar
ganese fractions in all studied soils were greater in manganese fertilizer treatments campared with those in control. It was also
found that mineral bonded manganese occupied about 87. 3% ~ 91. 8% of the total soil manganese, while carbonate form and
oxides form of manganese, and organic mater strongly bonded manganese shared similar percentages. In tams of content, the
various fradions of manganese ranked in the order of mineral bonded > carbonate bonded > oxides bonded >  organic matter
strongly bonded > organic matter weakly bonded > exchangeable. About 91.1% ~ 98. 6% of fertilizer manganese was in the
form of carbonate bonded, oxide bonded, or organic mater strongly bonded manganese, or in the mineral form, which were not
readily available for the aop to use. Only 1.4% ~ 8. 8% of fertilizer manganese entered into exchangeable and organic matter
weakly bonded forms, which were considered as available manganese in soils. The resulis of statistical analysis showed that ex
changeable and organic matter weakly bonded manganese were the major sources of soil available manganese, carbonate bonded
and organic matter strongly bonded manganese made little contribution to soil available manganese.

Key words Cont inuous fertiliza ion; Manganese; Soil; Fradion; Availability



