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ABSTRACT : Pedogeochemistry of Chinaiscontrolled by such factors as biology , climate, parent ma-
terid , topography and anthropogeness, and the different geochemica types are formed under the dif-
ferent conditions of il formation which have different abundance levelsof eements. The rationship
between concentration of dements and plant growth and human hedth depends upon available forms
of dement in ils. While thefactors afecting eement availability are il pH and Eh, tillage and fer-
tilization by man besdes eement formsin sils. On the bads of pedogeochemica types and distribu-

tion, rationd plantation and application of fertilizer to ils will be of great dgnificance for sustainable
development of agricultura production.
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Soil isan epigenetic here having the densest biological massand the highest biologica en-
ergy, which is a basement providing the plant with water and nutrient. Soil is either the
weat hering product of rock or the natura materia which contains various chemica formsof ele-
ments and hasits genetic and developmental regularity (Gong, 1982 ; Fortescue, 1980; Kov-
da, 1973) . S, to research pedogeochemistry isof great sgnificance for developing agriculture
and improving surviva environment of human being. This paper will discuss the geneses and
distribution of pedogeochemica typesin China based on the previous work on pedogeochemistry

by authors. Finally, the sgnificance of pedogeochemistry on agriculture of China will be dis
cussd.

I. GEOCHEMICAL GENESES, TYPESAND
DISTRIBUTION OF SOILS IN CHINA

Seven geochemica types are identified in China based on the theory of pedogeochemical
evolution which was put forward by V. V. Polynov, a pedo geochemist of former Soviet Union
(Polynov, 1959 ; Peredman, 1975) and in combination with il redox. They are sdine, gyp-
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dc, carbonate, ddlitic, ferrdlitic, clastic and ferrolysed types ( Gng, 1980; Gong and Luwo,
1992) . Further , four geochemica regions are determined on the basisof asociation and distri-
bution of pedogeochemical types. They are saline, carbonate, ddlitic and ferralitic il regions
(Gong, 1980; Gong et al. , 1992; (ong et al. , 1994; Gong et al. , 1986) . Sdine, carbon-
ate, gadlitic and ferrallitic wils are typica in the four il regions, regpectively , according to
zona digtribution. There are a0 osme il types asociated with loca factors such as topogra
phy and parent material. The areasof different il regions are shownin Fig. 1.
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Fg.1 Pedogeochemica regionsof China

1. Sine Soil Region

The Sdine il regionisdistributedin the arid inland areasof the western China, including
the northern Qinghai- Xizang( Tibet) Plateau, which makes up 27 % of the totad land area of
China (Gong et al. , 1992; Gong et al. , 1994) . In this region ils appear dkaline, textures
are coarser , mainly sandy and sandy loam, and secondary minerds are mostly hydromicas.
Sdine and gypsc ils are most commonly distributed in this region with ddllitic and carbonate
ils distributed in the dpine - subapine area where the climate is moist. The ils are rich in
sdts, including chloride and sulfates, and in nitrate and borate in local areas. Inthe sdine re-
gion, sils are generaly rich in tota and available sodium, potassum , boron and copper , while
ils are rich in tota phogphorous (P) , lower in available P, resulting in that the deficient area
of P comprises 63 %of the region (IANRR- CAAS, 1986) andisrichin water-lublefluorine,
epecialy in the dkaline ils (Huang et al. , 1994; Gong et al. , 1994) . The deficient e

— 300 —



mentsin the ilsinclude zinc, iron , manganese and iodine —380 % of the il are low in avail-
able zinc and manganese, and 50 % in available iron. Available selenium isal deficient in the
region (Gong et al. , 1994) .

2. Carbonate Soil Region

This region extendsfrom the Inner Mongolian Plateau to the Xizang Plateau, and is 23 %
of the tota land area of China. The ils appear dkaline, the texture is mainly loam and sec-
ondary mineras are hydromicas and/ or chlorites. Carbonate sils are the main typesin this re-
gion. Sadlitic ils are formed under the condition of moisture in high atitudes. While saine
and akaline ils are often distributed in low atitudes. The wils are rich in carbonate (up to
20 %) o that the caciumraccumulating horizon appearsin certain depth of il profiles. Inthis
region, the snils are d< rich in tota and available potassum and boron, and at same time rich
in total P and poor in available P. The areaof P deficiency may be up to 60 % of the total crop-
land area(IANRR-CAAS, 1992) . Soilsare a9 rich in water-lublefluorine , epecialy the -
da akaline filsin depressons, o that fluorogsof humansand animalsiscommon. Likely defi-
cient elementsof these ils are zinc ,manganese, iron, molybdenum, iodine and selenium ——
80 % of the wils are low in available zinc, manganese, and iron.

3. Sdlitic Soil Region

The region covers around 30 % of the total land areaof China, extending from northeast to
uthwest in ribbon. The il in the region are neutra or weakly acid. Textures are clay loam
and the secondary minera s are principaly 2 :1 type layer dlicates, such as montmorillonite, il-
lite and vermiculite. The luble salts and carbonates have mostly been lost through leaching
from the il , and this has led in particular to potassum deficiency in 47 % of the region. P
availability in soil isreduced due to a decrease of free calcium and an increase in active iron and
aluminum. By comparion with the carbonate il region, there are fewer areas deficient in
available zinc , manganese, iron and iodine and more areas deficient in boron ,molybdenum , flu
orine and slenium.

4. Ferdlitic Soil Region

This regionisin the tropica area outh to the Changjiang River and covers about 18 % of
the tota land area of China. The sils are acid, clay in texture and the secondary mineras are
mainly iron and aluminum sesguioxides, keolinite, goethite, and gibbste. The principa il
geochemical types are: ferrallitic wils, ferrolysed (paddy) ils which have been afected by
human activities, and dallitic Lilswhich are distributed in the local area. The ilsare highin
aluminum as well asfreeiron, the content of which isover 40 % of total iron in ils(Gong,
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1985) . Under condition of abundant moisture and heat , the mohile elements such as potass-
um , boron and fluorine are strongly leached , resulting in a deficiency of these elementsin ils
of the region. The sils are not poor in total molybdenum and sdenium, but availability of the
dementsislow. Pin silsisin the Fe, Al-combining form, resulting in its poor availahility.
The deficiency areais around 46 % of the region (IANRR- CAAS) . According to the statistic
data, about 60 % of the region is deficient in potassum and 90 % in boron, molybdenum and
fluorine. Trace dements such aszinc, copper , manganese and iron are richer in the silsof the
region than those in other il regions, and iodine is abundant.

1. DISTRIBUTION AND AVAILABILITY OF
ELEMENTS IN SOILS OF CHINA

1. Regiona Distribution of Eements

1.1 Zonal distribution of elements

From the above discusson of the characteristics of the il geochemical region, availability
of ome eements are zonally digributed. (1) Availability of K, B and Fisin the order of the
sdine > carbonate > dallitic >ferralitic il regions. (2) Availahility of Zn, Mnand Feisin the
order of theferralitic > dallitic > carbonate > sdine il regions. (3) Availability of Mo isin the
order of the saline, carbonate > gdllitic >ferralitic il regions. These are shown in the figure
on grade distribution map of ome elementsin various geochemical regions (Fig. 2) (®ng et
al. , 1992) .

1.2 Local distribution of elements

In limited area of a geochemica region, atia differentiation of ome elements a o took
place due to water and clay concentration in depresson resulting from undulating topography.
For example, the sdtsin sils are accumulatively distributed according to their solubility from
the Qilian Mountain. to Juyanha Lake, that is, in the order of CaCO;, CaSO,, NaSO, and
NaCl from thefoot of the mountain to the lake (Gong, 1980) , showing the loca distribution of
eementsin sadine il region. In subtropica area, parent materia is another important factor
afecting element distribution beddes topography. The ferralitic =il derived from granite is
richin Zn, theferrdlitic il derived from arenaceous shdein B, and phyllite and datein Mn.
1.3 Circular distribution of elements

Generally , the circular distribution of il nutrient isformed around a town and a village.
The nearer an area to atown , the higher its il nutrients, egecialy organic matter , N. P and
K. The circular distribution of mineraizing elements may be formed around a mine and a
smeltery. Furthermore, environmenta pollution inevitably was brought about with industria
development , resulting in that the circular distribution of some pollutants wasformed around a
factory and a city.
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FHg.2 The abundance and proportions of ome trace dementsin different il regions

2. Satid Differentiation of Some Hements

2.1  Phosphorous

The tota P contentsin ilsof China rangefrom 0.2 g/ kgto 1.0 ¢/ kg. The total P con-
tent in saline il region rangesfrom 1.0 g/ kgto 1.8 ¢/ kg, that inferralitic il regionis0. 13
- 0.26 g/ kg, and that in carbonate il region is around 1.0 g/ kg. However , available P in
ilsof Chinaislow because it isin the form of Cabound in the northern part of Chinaand in
the form of Fe and Al-bound in the southern part of China. However , available Pin saine and
carbonate il region is generaly higher than that in gdlitic and ferrallitic il region.
2.2 Potassium

Inferrdlitic il region of Loutheast China, there are less K-bearing primary mineras such
asfedgar and mica in ils due to strong weathering, resulting in that total K may be low to
0.5 g/ kg and available K islessthan 100 mg/ kg. This region isthe poorest in K. In gdlitic
il region, the K content has a wide range, 5- 30 g/ kg for tota K and 100 - 200 mg/ kg for
available K. However , there are part of 0ils being deficient in K. In carbonate and saline il
regions, there are more K-bearing minerals and relatively higher K content in ils due to weak
leaching. The contentsof tota K range from 12.5 ¢/ kg to 30.0 g/ kg, available K from 120
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mg/ kg to 130 mg/ kg.
2.3 Boron

The tota boron contentsin silsof China range from trace to 500 mg/ kg, having an aver-
age of 64 mg/ kg. The saline and carbonate il regions belong to B-rich regions ranging from
10 mg/ kg to 260 mg/ kg. Boron mainly appearsin water- oluble form and is eadly concentrated
in depresson. The hadloslsin outh Xizang, for instance, have the range of 26.0 - 89. 6 mg/
kg, the halosol in north Xizang Plateau is up to 200 mg/ kg , and Aridic orthic Halosolsat Aid-
ing Lakeof Turpan, Xinjiang, up to 300 mg/ kg (Huang et al. , 1993) . While the ddlitic and
ferralitic il regions belong to B-deficient regions, and the content of available B of most oils
islower than critical value of plant growth,i.e. , 0.5 mg/ kg.
2.4 Znc

The average tota zinc content of ilsin Chinais74 mg/ kg. Thetota Znin ilsof saine
region isin the range of 35- 150 mg/ kg, however , the wils are deficient in available Zn, ©
are the ilsof carbonate wil region (Liu et al. ,1984; Liu et al. , 1986) . The available Znin
gallitic il region isricher in west of the region and poorer in east of the region. The total Zn
in ilsof ferralitic regionisin the range of 56. 50 - 146. 32 mg/ kg, isricher in 0ils developed
from basalt and limestone and poorer in ils derived from sandstone. The available Zn in the
region has a wide range from 0.43 mg/ kg to 1. 72 mg/ kg.
2.5 Copper

The average tota copper content in ilsof Chinais27 mg/ kg. The range of tota copper
content in ilsof saline region is0.5- 50 mg/ kg. That of ferrdlitic region 12. 68 - 168. 32
mg/ kg, of which theferrousferralitic il derived from basalt in subtropical area hasthe high-
est content and the dallic ferralitic il derived from granite and geneiss lowest (Liu et al. ,
1984 ; 1986) . The availability of Cu in ils depends on il organic matter , texture and pH.
The Cu carbonate may be formed in calcareous ils, but , Cu deficiency of plant uncommonly
takes place due to less requirement amount. The available Cu of most paddy soilsis abundance,
with the averageof 2.01 - 2. 37 mg/ kg. The Cu concentration in ilsis sgnificantly related to
il parent materias and zond distribution less appears.
2.6 lron

The total Fe content in ils is much higher than that of requirement amount for plant
growth. The average totd iron content in filsof China rangesfrom 1% to 5% (Liu et al. ,
1984 ; 1986) . The Fe availability of silsin saline and carbonate il regionsislow , with the
range of 0.3 - 15.1 mg/ kg, due to the formation of stable compounds combining iron and car-
bonate and hydroxyl ion under the condition of high il pH , while that of ddlitic andferralitic
il region, with the range of 13.23 - 23.87 mg/ kg, is reatively higher because the immobile
Fe’* in ilsiseadly reduced into labile Fe?* under the condition of strong acid.
2.7 Manganese

The total Mn content in ils of China ranges from 10 mg/ kg to 9478 mg/ kg, with the
average of 845 mg/ kg. The content variation among different il types, even same il typeis
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very great. In sdine il region, the total Mn content rangesfrom 12 mg/ kg to 300 mg/ kg.
The total Mn content in ilsof ferralitic il region isobvioudy higher than that of sdine il
region, which depends on parent materids. The highest content isin the sils derived from
basalt with the average of 1745 mg/ kg and the lowest in the sils derived from granite and genr
edswith the average of 305.75 mg/ kg (Liu et al. , 1984, 1986) . The availability of Mn is
mainly controlled by il pH. The mobile Mn®* is gradually oxidized into immobile Mn** and
M** with an increase of il pH, resulting in weak availability of Mn in calcareous ils. Con
versly , the immobile high valence Mn ion is eadly trandormed into labile low valence Mn un-
der the conditionsof low il pH and reduction, resulting in strong availability. Therefore, the
available Mn of oils are deficient in sdline and carbonate il region, and rich in ferralitic and
gallitic =il region except for the Huang- Huai- Hai Plain where there are more calcium carbonate
in ils.
2.8 Moaybdenum

The totd Mo contentsin ilsof China rangefrom 0.1 mg/ kg to 6 mg/ kg, with an aver-
ageof 1.7 mg/ kg. The silsin the outhern part of Chinaislow in tota Mo, with the range of
0.47 - 2.30 mg/ kg. Availahility of Mo is controlled by il pH, having an increase with the
increase of il pH. Therefore, the il in sAline il region is high in available Mo, with the
rangeof 0.01 - 1. 00 mg/ kg, while the ferralitic wils and paddy ils derived from various
parent materialsin the southern part of Chinaislow in Mo, with the average of 0.05 mg/ kg.
The Mo in ilsof carbonate il region isclose to that of saline il region, but there are ill
larger area being deficient in Mo and that of dallitic il region is dmilar to ferralitic il re-
gion.

3. The Factors Affecting Hement Availability

The factors afecting element availability in ilsinclude chemica formsof an element , il
texture, organic matter , pH, Eh, etc. Forarable ils, the change of availahility of nutrient is
congderably affected by the ratio of fertilizer input and output besdes the factors above-con-
cerned. Based on the estimation (Lu, 1990) , the consume time-limitation of available N, P
and Kin ilsis20 - 40 years, 10 - 20 yearsand 80 - 130 years, respectively , under the condi-
tion of unamended fertilizers. Availahility of nutrient increases when input of fertilizersis more
than output under the condition of fertilizer amendment. Conversaly, availability of nutrient
decreases when input isless than output. The input of potassum in China, for example, was
about 6.347 million tons in 1985 while the output was about 11. 846 million tons per year.
About 46 % of the output was deficient. Therefore, the area of ilsin K-deficient is being
more and more extended. In the 1960s, only afew experiments testified that the ilsin the
uthern part of China could be deficient in K (Xie, 1994) . Nowadays, however , the area of
K-deficient ilsin outh Chinais up to 73 %, that in outhwest China 54 %, and that in the
middle and lower reachesof the Changjiang( Yangtze) River where was thought not to be defi-
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cient in Kis43 %. In saline il region, to apply K fertilizer to sils has sgnificantly postive
efect on crop production, egecialy to sandy ils.

1. AGRICUL TURAL SIGNIFICANCE OF PEDOGEOCHEMISTRY IN CHINA
1. To Improve Crop Production Through Application of Fertilizers According to Soil Types

The yield level of crop increased by 42.8 % from 1978 to 1984 , i.e. from 2535 kg/ ha to
3615 kg/ hathrough increas ng the rate of chemical fertilizer by more than one time. However ,
The yield level only increased by 14. 6 % through increasng the rate of fertilizer by 81 % from
1984 to 1993. Obvioudy , the proportion of input to output decreased (Lu, 1990; Xie, 1994 ;
Lin, 1991) . Therefore, baance fertilization is an important pathway in agricultural produc
tion. Authors put forward the following suggestions based on pedogeochemistry of China.

1.1 Balancefertilization based on regional characteristics of pedogeochemistry

The ilsin ferralitic il region are serioudy deficient in P, partsof the ilsin other il
regions, including saline il region are d < deficient. The K-deficient ils gread from ferral-
litic to gadllitic, carbonate il regions, even sdine il regions. S, application of P and K fer-
tilizer should be emphaszed when the rate of nitrogen fertilizers was increased.

1.2 Balance fertilization based on different soil types

Micronutrient deficiency in some il types often confines the potentia of other chemical
fertilizers on crops with the development of agricultural production. Therefore, application of
micronutrient will get good effect on the badsof pedogeochemistry of il types, for example,
application of B fertilizer on rgpe and Mo fertilizer on legume in ferralitic il region, applica
tion of Mn fertilizer on wheat and oybean and Zn fertilizer on corn and rice in dallitic and car-
bonate il region, application of Zn, Fe, and Mn fertilizersin sadine ils can make, to sme
extent , good contribution to crops.

1.3 Balance fertilization based on soil pH

Soil pH frequently afects the availability of some nutrients. In ferralitic il region, the
high pH sils derived from calcareous parent materias are deficient in Zn and deficiency of some
nutrients could be caused in the low pH ils due to strongly liming. Suitable rate of micronu-
trients such as Zn and Fe should be applied.

1. 4 Balance fertilization based on soil redox condition

Smilarly , il redox condition influences the availability of some nutrients. The availabili-
ty of P, for ingance, could be improved under the reduction of waterlogging. Therefore, the
ils planting xerophytic cropsin winter could apply more P fertilizer which can continue to be
used when rice is trangplanted later. Thisis a good measurement of P applicationin ferralitic
and salitic il regions.

1.5 Balance fertilization based on special requirement of crops
Tobacco is aplant which needs more K. Generaly speaking, the high quality tobacco can
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be obtained when the K application amount reach 2- 3 times of its optimal reguirement
amount. Therefore, K application isan important measurement to improve quaity of tobacco in
the 20il where is generally thought to be not deficient in K (Cao et al. , 1994) . Theferralitic
ils planting citrus are deficient in not only N, Pand K, but d Ca, Mg, B and Zn. Applica
tion of these elements can improve the yield and qudity of citrusand correct the diorder of cit-
rus which is caused by nutrient deficiency (Ouyang, 1990) .

2. To Develop the FamousLocd- Superior Agricultura Products through Rationa Plantation

The rational plantation is an important measurement of developing potentials of il pro-
duction based on distribution of il types, which is greatly important for developing the fa
mous local-superior agricultura products. At present , the quality of some products such as cit-
rus, apple, tobacco , tea and Chinese herba medicine decrease due to neglecting rationa planta
tion in the process of production, influencing greatly the economic benefits of these products.
On the badsof previouswork , the high quality tea grew in sdilswith acid , high- Kand S , and
abundance available Zn, Cuand B (Gong, 1994) . The high quality tobacco grew in soils with
neutral , low carbonate, high available K, B, Mn, Cuand Zn (Cao and Hu, 1994) . The high
quality citrus grew in oilswith acid-neutra , abundance Ca and Mg, and available Zn, Cu, Mo
and B (Ouyang, 1990) . If we can extend the production of the famousloca-superior agricul-
tura products according to pedogeochemistry tremendous economic benefits will be produced.
Thisis an efective pathway escaping poverty and acquiring wealth in some areas.

3. Rational Utilization of Soil Nutrition

To utilize rationaly nutrient reources based on element cycling characterigticsin ilsisan
efective pathway for lving the problem of short supply of some fertilizers. Among necessary
nutrientsfor crop growth , rational utilization of Kisextremdy important because Kisacritica
element for improving yield and quality of crops, meanwhile, K is a short reource in China.
Currently , there are at least three methods to solve the problem.

1) To use the recyding of crops. Statistic data show that the KO content in the rice stem
was1l.2%- 3.0%, the wheat ssem 0.6 % - 2.5 %, and corn sem 0.5%- 2.5% (Lin et
al. , 1991) , being an important K resource. About 50 % of economic and effective measure-
ment.

2) To use K-rich parent materia or rock. Besdes developing K fertilizer resourcesin st
lake, in the areaof short supply , ome parent materia s and rocks such as argillaceous shale and
granite can be used and gpplied on the ot throught technical treatment of improving its avail-
ability.

3) To use K-accumulating plant. K-accumulating plants such as sunflower and sugarcane
are planted in K-rich sils, then processed or extracted into fertilizers and gppliesin K-deficient
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il s.

REFERENCES

Cao Zhihong, Hu Guoong, 1994. Reationship between high qudity tobacco and characterigtics of il geochemistry. In: Gong
Zitong (Ed.) . Soil Suitability for the Famous Local Superior Agriculture Products in China. Changchun: Jilin People’ s
Press. 58 - 62. (in Chinese)

Fortecue J. A. C. , 1980. Environmental Geochemistry. Springer-verlag. 77 - 27.

Gong Zitong, 1980. Geochemicd types of il forming weathering crust in China. Special Issues of Soil Science, 37: 1- 23.
(in Chinese)

(ong Zitong, 1982. Origin and development of pedogeochemistry. Progressin Sail Science, 10(2) : 1- 17. (in Chinese)

CGong Zitong, 1985. Biogeochemistry of red weathering crugt. In: Li Qingkui (Ed.). Red Earth of China. Bejing: Science
Press. 24 - 40. (in Chinese)

Gong Zitong, 1994. Soil suitakility for the famousloca-superior agriculture products. In: Gong Zitong (Ed.) . Soil Suitability
for the Famous-L ocal-Superior Agriculture Products in China. Changchun: Jilin People' s Press. 1- 4. (in Chinese)

®ng Zitong, Chen Hongzhao , 1986. Map of il Geochemicd Types. In: Inditute of Soil Science (1SSAS) (Ed.). Atlas of
Soils in China. Bejing: Cartographica Press. 21 - 22.

®ong Zitong, Luo Guobao, 1992. Pedogeochemica environments and people’ s hedthin China. Pedasphere, 2(1) : 71- 77.

Gong Ztong, Huang Biao , 1994. Jatid differentiation of Se, Fand | in ilsand human hedth. Progresin Soil Science, 22
(5) : 1- 12. (in Chinese)

Huang Bieo, Gong Zitong, 1994. Geochemicd processes of aridils and spatid differentiation of Zn, Mn, Fe, andB in Tian
shan mount region. In: Gong Ztong (Ed.) . Proosedings of the I nternational Workshop on Classification and Management
of Arid-Desert Soils. Beijing: China Science and Technology Press. 318 - 322.

Huang Bieo , Gong Zitong, Gu Guoan, 1994. Geochemistry of water soluble fluorine in aridisols with different landscapes and
relation to endemic diseasesin the Tianshan mount region. In: Zhao Qiguwo (Ed.) . Pedosphere. Nanjing: Nanjing University
Press. 544 - 550.

Ingituteof Agriculturaly Naturd Resources and Regiondization, the Chinese Academy of Agriculturd Sciences (IANRR -
CAAS) , 1992. Development and Utilization of Arable Resourcesin China. Bejing: Cartographica Press. 31. (in Chinese)

Indtitute of Soil Science (I1SSAS) |, 1986. Atlas of Soilsin China. Beijing: Cartographica Press. 31- 50.

Lin Bao, 1991. To develop potentid productive force of chemicd fertilizer to thefull in China. In: Chinese Society of Soil Sai-
ence (Ed.). Situation and Future of Soil Sciencein China. Nanjing: Jiangsu Science and Technology Press. 29- 36. (in
Chinese)

Lin Xinxiong, Wen Qixiao, 1991. Stem utilization and oil fertility. In: Chinese Society of Soil Science (Ed.) . Situation and
Future of Soil Sciencein China. Nanjing: Jiangsu Science and Technology Press. 122 - 131. (in Chinese)

Liu Zheng, Zhu Qiging, Tang Lihua, 1984. Primary report on the content and distribution of microelementsin silsof China.
Acta Pedologica Sinica, 21(2) : 138 - 150. (in Chines)

Liu Zheng, Zhu Qiding, TangLihua, 1986. Statusof microdementsin ilsand ther rolein agricultureof China. In: Prooceed-
ings of the Second Sympcsium on Role of Microelements in Agriculture. Toulouse. 138 - 150.

Lu Rukun, 1990. Discusson on risk of nutrient degradation in soilsof China. In: Chinese Society of Soil Science (Ed.) . Re
searches on Prevention and Management of L and Degradation in China. Beijing: China Science and Technology Press. 25 -
31. (in Chines)

Kovda V.A. , 1973. Principle of Soil Science. Moscow : Science Press, 2- 9. (in Rusdan)

Ouyang Teo, Yulida, 1990. Diagnosss, Prevention and Treatment of Nutrient Disorder of Citrus. Shangha : Shangha Sci-
ence and Technology Press. 101 - 118. (in Chinese)

Perdman A. E. , 1975. Geochemistry of Epigenesis. Moscow : Science Press. 4- 19. (in Russan)

Polynov V. V. , 1959. Weathering Crust and Its Geochemistry. Shangha : Publishing House of Commercid Affars. 4- 19.
(in Chinese)

XieJianchang, 1994. Change and management of potassum nutrient in agriculturdly sustainable deveopment. In: Edition
Group of Chinese Society of Soil Science (Ed.) . Soail Science and Agriculturally Sustainable Development. Beijing: China
Science and Technology Press. 211 - 215 . (in Chinese)

— 308 —



