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1
Table 1 Some Basic conditions and properties of the tested soils
0.01~ 0.00lmm < 0. 001
mm
Name of pH ol Total Fixed  Akalihydrot  Paticle Clay
a
Sample Sol name Chinese ~ Parent materal (H,0) y . nitogen  ammonium yzble N cont ent cont ent
com position . .
symbol Taxonomy (gkg)) (mgke™ D) (mgkeg ) (gke™)  (gkg)
Sysem
©
0210  Cukivated Calcaric 8.37 1.4mm ® Q53 303 9 208 245.4 &. 3
calcareous Purplr U dic ®
purple soil Cambosols Weathering
products  of
purple sand o
sgone  and
0212 Culivated Typic  gpale 5.62  1.4mn @ L15 242.9 87.0 414. 6 35.6
acidic pur Purplr U dic ®
ple soil Canbosols
©
0215  Cukivated Brown Carbo 8.13 ® 1. 11 188.7 71.5 188.3 166.8
brown lime nat Udic 1. 4nm @
soil Cambosols Weathering
products  of ©
limestone ~
026  Cukivated Typic 5.13 @ 0.98 130.0 7.5 350. 8 265.2
limestone Haplr Udic 1. 4nm @
red soil Ferrosols
. ®
Pumple Typic Fe Weathering i,
0433 . poduct of 545 1. 4nm @ 1. 80 272. 4 148.9 43.0 188.0
clayey accumult )
. purple sand- ®
earth Stagnic Arr
sone  and
throsols
shale
Reddish ) @
Typic p
0414 yellow 5.65 ® 1. 66 245.9 152.1 286.0 247.0
Fe leacht Quat emary p
clayey ] 1. 4nm @
Stagnic Arr red clay
earth
throsols
©
Endog ®
0417  Gray clayey . "~ Weathering 7.82 ¥ 2.58 273.5 203. 8 342.0 318.0
b leyic Haplt & " ®
et Stagnic Amr rfm oo - 4mm
throsols 1mestone
At o}
. Typic River at .
0424 luvial sandy . . 6.56 @ 1.36 318.4 118.5 356.0 208.0
Haplt Stag- lwvial  de
earth ) . 1. 4m )
nic A posit
throsols

@Hydrms mica; @1. 4 nm minerals; @Kaolinite
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= 40 - 100 F™—e- B RIf5a 77 & 1 Cultivated brown lime soil
G = -8 BHR G 3K A 41 Cultivated limestone red soil
bl ) — Bt Atk % 6 1 Cultivated calcareous purple soil
g 20 m | aBHERE % 1 Cultivated acidic purple soil
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Fig.1 Relationship between amount of ammonium fixed and fixation Fig. 2 Relationship baween amount of ammonium fixed and
time in the paddy fixation time in the upland
2.2 , 2 3 4
2 5 2
, , Elovich ,
” 2 9 9
2 2 2 2
(y) (1) Elovich R ,
2 2 2
Elovich
ElOViCh s
4 )
2
Tahle2 Mahematic equations fiting the kindics of ammonium fixation in the tested soils
Elovich o
. . . . Parabolic dif fusion )
. First order equation Elovich equation . Zero level equation
Soil name equation
In(A- y)=abt y= a+ blnt A- y= a- bt

y/ A= a+ btV2

In(86.7- y)=3.2650-0.047 8¢ y= 61.353+ 5.8% 3Int y/86.7= 0.707 3+ 0.036 7¢tV?  86.7- y=29.237- 0.449 3¢
Purple clayey earth

Reddish yellw  In(19.6- y)= 2.389 8- 0.0376 ¢ y=6.223+3. 1202t y/19.6= 0.3222 0.0852 /"> 19.6- y= 11.438 0.167 0

clayey earth

In(322- y)=2.900-0.04 7t y=7.1771+ 6. 146 Tlnt  y/32.2= 0.240 O+ 0.099 7 /2 32 2- y=20. 148~ 0.304 O¢
Gray clayey earth

In(69.2- y)=3.2036-0.0459: y= 37.452+ 7.5% 4ln¢ = V2 69. 1- y=29.968- 0.438 61
Alluvial sandy earth n( y) Y n y/0.1= 0.546 3+ 0.0579 ¢ ¥

A: Theoretical maximum fixation capacity (mgkg™1); y:¢ Ammonium fixed at time of ¢ (mg kg™ *);a b: Constant
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3 (r) (SE)
TaHe3 Correlation codficients and standard emrors of the kindic equations
Elovich
Fist order equation Elovich equation Paraholic diffusion equation Zero level equation
Sol name
r SE r SE r SE r SE
0.%9°"  0.4888  0.977""  2.4112 0.893" " 0.058 7 0. 538" 15.997 1
Purple clayey earth
Reddish velbw clayey earth 0. %0 0.4240 0. 988 0.9057 0. 8% 0.1345 0. 742 4.655 8
0. 45" 0.478 7 0.974" 2.716 9 0.853** 0.1934 0.721° 9.040 2
Gray clayey eath
. 0.976" * 0.3381 0.986" * 2.3885 0.893" " 0.0% 6 0. 48" 15.997 1
Alluvial sandy earth
kT Y 001 0.0 “# # 7 and “* 7 gand for significant level of p o, and p 5. respectively
4
Table4 Mahematic equations fiting ammonium fixation I the tested upland soils
Lo . Cultivated calcareous Cultivated acidic purple Cultivated brown lime Cultivated limestone
Kindic equation . . . .
purple soil soil soil red soil
Elovich
Elovich equation y= 9.865 4+ 16. 36 y= 14.458t+ 118. 62 y= 8.783 4¢+ 103. 57 y= 2.6052:+ 3. 160 1
y=a+ bint

Parabolic diffusion
equation

y/ A= a+ bi'/?

First order equation

y/216.9= 0. 023 2¢1/2+ y /182 8= 0.038 4¢V2+ y/ 145. 6= 0. 030 4¢'/2+

y/14.2= 0.089 2:V24+ 0. 2522
0.783 8 0.661 7 0.716 7

In(216.9- y)= — 0.023 3t+ In(182 8 y)=— 0.026 7t+ In( 145.6- y)= — 0.025 5¢+ In(14.2- y)= — 0. 029 5+

3.6056 382717 3.5138 1.989

In(A- y)=a— bt

. 216.9- y= - 0.426 2t + 182.8- y= - 0.580 61+ 145. 6— y= - 0.377 3¢+ 14.2- y= - 0.103 1+

Zero level equation
37.482 48.272 33.015 8.1319

(A- y)=a bt

A: Theoretical maximum fixation capacity (mg kg=1); y: ¢ Ammonium fixed at time of ¢ (mg kg=1); a b: Corr

stant

5 (r) (SE)

Table5 Correhtion coefficiens and standard errors of each kinetic equation

Cultivated calcareous Cultivat ed acidic Cultivat ed brown Cultivated limestone
Kinetic equation purple soil purple soil lime soi red soil
r SE r SE r SE r SE
Elovich
Elovidh equation 0.974* % 4.3899 0. HU8" 9.396 5 0.953" * 5.408 1 0.959* * 4.225 6
y= a+ blnt
Parabolic diffusion equation 0.87°" 0.1176 0.83"" 0.0918 0.857" " 0.063 0 0.833"" 0.204 6
y/A= at+ bi'’?
First order equation 0.938""  0.3071 0.924""  0.3985 0.95" " 0.281 1 0.903" " 0.508 1
In(A- y)=a- bt
Zero level equatibn 0.784" " 12.1426 0. 709" 20. 97 4 0.763" 11.5321 0. 707" 3714 6

(A= y)= a- bt

R
B

0.01 0.0 “ %7 and” * 7 stand for significant level of po.g1 and p o o5, respectively
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(A) >
(b) ti2= 0.6931/b > . ,

: (b) )

6 3

Table 6 Values of the 3 parameters in the first order equation for NH; fixation in the tested soils

b A
Rate cnstant Half time Theoretical maximum
Soil nane
(h™ 1 (h) NH} - fixing capaciy(mg kg™ 1)
0.047 8 14.50 8.7
Paddy soil Puiple clayey earth
0.037 6 18. 43 19.6
Reddish yellow clayey earth
0.044 7 15. 51 2.2
Gray clayey earth
0.0459 15.10 ®.2
Alluvial sandy earth

Cultivated upland Cultivated calcareous 0.0233 29.75 216.9

soil purple soil
Cultivated acidic 0.026 7 25.% 182.8

purple soil
Cultivated brown 0.0255 27. 18 145.6

lime soil
Cultivat ed limestone 0.029 5 23. 49 14.2

red soil
2) Elovich
1) B 0
8~ 12h ,12h ,24 h ,

3 L”
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KINETICS OF AMMONIUM FIXATION IN SEVERAL TYPES OF CULTIVATED
UPLAND SOILS AND PADDY SOILS IN HUNAN PROVINCE, CHINA

Zhang Yangzhul Wan Dajuan2 Huang Shunhong3 Peng Jie! Wu Mingyu1 Zhou VVeijun1

(1 Gollege " Resources and Environment, HunanAgricultural University, Changsha
(2 College ¢ Resources and Emvirormental Science, HunanNormal Uriversity, Changsha

410128 China)
410081, China)

(3 College  Metdlurgicdl Science and Tednology, Cenird South University, Changsha 410083, China)

Abstract

Kinetics of ammonium fixa ion in several types of cultivated upland soils and paddy soils derived from represerr

tative parent materials in Hunan province, China, was studied through sampling in fields, and incubation and detemination in

laboratory. Results showed that fixation of added NH; in the tested soils, whether paddy or upland, all inaeased with fixation

time, and the fixing rate for added NH} was high at the initial stage, especially a the initial 8~ 12 hours of reaction, and grad
ually slowed down afterward. After 24 hours, the fxation of added NH; reached equilibrium hasically. Both the first order

equation and Elovich equation were the most applicable to desaribing NHj -fixation kinetics in the tested soils. The parabolic dif

fusion equation had same good fitting results, too. But the zero level equation was not applicable. The kinetic paramneers obr

tained through the first order equation, i. e., theoretical maximum fixation capacity (A), reaction rae constant (b) and half

reaction time, varied with soil types. The paddy soils were lower in theoretical maximum fixation capacity (A) and half reaction

time, but much higher in reaction rate constant (b) than the upland soils.

Key words Hunan Province; Cultivated soil; Mineral fixation of ammonium; Kinetics



