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Abstract 

In recent 10 years, affected by the limit of water resources, the way from 

flood irrigation gradually was into a film with drip irrigation at irrigation area in  

midstream of Manas River, the change of irrigation methods will affect the 

redistribution of soil water and salt. In this paper, sampling in actual agricultural 

fields, laboratory analysis of soil samples and statistical analysis methods were 

used to quantitatively analyze soil salinity changes under different irrigation 

methods in midstream of Manas River. Finally, based on HYDRUS -1D model, 

we simulated the distribution characteristics of soil salt under different irrigation 

intensity on both  irrigation modes.The results showed that̔ 

(1)The influence of different irrigation modes on soil salt distribution 

characteristics: 

(a)Analysis from the aspect of the soil layer̆ in flood irrigation cotton fields the 

average soil salt of the whole and each soil layer was lower than that in drip 

irrigation cotton fields̕ the salt of flood irrigation cotton field mainly 

concentrated in 40 to 60 cm soil layers, while soil salt of drip irrigation cotton 

field concentrated in 20 to 40 cm soil layers in the cotton growth period; the soil 

salt content of each soil layer on drip irrigation mode was more uniform than 

that on flood irrigation mode in the cotton growth period. Analysis from the 

aspect of the time, the peak salt of 0-100 cm soil and each layer on flood 

irrigation mode appeared earlier than that on drip irrigation mode; June or July 

was the period that the most uniform distribution of vertical soil salt on both 

irrigation modes in the cotton growth period.  

(b) At the beginning and the end of the irrigation̆ the average soil salt of the 

whole layer in drip irrigation cotton fields was higher than that in flood 

irrigation cotton fields; The vertical distribution uniformity of the cotton soil in 

April  was higher than in August under different irrigation modes; The vertical 

distribution uniformity of the cotton soil under the drip irrigation was higher 

than under the flood irrigation in both April and August; In April, except for the 

surface layer,soil salt content of the rest of the soil layers were statistically 

significant under both irrigation modes. However, in August soil salt content of 

all the soil layers were statistically significant under both irrigation modes. 

    (c) The content of anion and cation at each layer under flood irrigation mode was 
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lower than drip irrigation mode. With the increase of soil depth,the distribution 

of soil anion in the profile layer under flood irrigation mode was more uniform 

than drip mode. While Soil cation under flood irrigation mode presented a 

growing trend or mainly concentrated in the 20 cm to 60 cm soil profile, soil 

camion under drip irrigation mode was mainly concentrated in the 0 cm to 40 

cm soil layer. 

     (d) With the increase of soil depth, the soil salt content are relatively high in the 

deserted field; the salt content of flood irrigation cotton gradually reduced; the 

soil salt content of drip irrigation cotton characterized by surface desalination, 

salt deposition in central layer, in the bottom layer the salt reduction; Vertical 

soil salt of variation coefficient under different irrigation methods 

characterized by the minimum in wasteland, the maximum in flood irrigation 

cotton fields,and located in the central of  drip irrigation cotton showed 

reduction at first, the minimum after irrigation about 4 years̆ then gradual 

increase; With the increase of soil depth the soil salt, variation coefficient of 

each soil layer showed the volatilitly downward trend in the process of 

irrigation mode conversion. 

(2)  The influence of different irrigation modes on soil water distribution 

characteristics: 

(a)The stratified rule of soil moisture on flood irrigation was more obvious than 

on drip irrigation mode. And volatility in the layers of soil water in flood 

irrigation mode were higher than in drip irrigation cotton during the cotton 

growth period. 

(b) In the process of the irrigation modes, when waste land turned into flood 

irrigation cotton fields, moisture content of each soil layer increased. By flood 

irrigation to drip irrigation cotton the soil moisture content of each layer 

was lower.Along with the increasing length of drip irrigation, soil moisture 

content presented a trend of fluctuation. 

 (3)  Based on analysis of HYDRUS-1D model 

Different irrigation intensity has significant effects on soil salt  on both 

irrigation modes̕ With the increase of irrigation intensity,soil salification area 

position was down on both irrigation modes ,at the same time soil desalting 

rate and the accumulated salt increased  accordingly; However, soil desalting 

on flood irrigation mode was more obvious than on drip irrigation mode.  

These results can benefit for irrigation and fertilization management and 

suggest possible measures to improve sustainable land use. 
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№ ץ № Ạԅ∆ ̆ ꜛԍ ≠

⁞ ̆ ̕ ̆

ԅ ̆ ῤ Ạԅ∆

Ȃ ԅ ῾ҙ ꜚ ̆

ӊѿ̆p

ῤ ҉̆ ⌠ ΐ ѿ Ȃ 

̆ ץ № ̆

№ Ҍֽ̆ ҹץ Ҍ

№ ᶫ ̆ ҹ ᶫ ᶭ ̆

Ҭ ҩ Ȃ 

1. 2. 3 Ὺ  

̆ Һ Ṝȁ ȁ ץ ֲҹ

ᵬ ̆ ⱴ Ҍᵖ ̆

ғ ԅ ѿ̆֓ ₮ ҍ Ӟ̆ ⱴ ԅ

̆ ԋ ԅѿҩ Ȃ ̆ ҍ ȁ

ᵄ ̂ қ ̆2002̃Ȃ ԍ ҍ ̆Һ Ҋ

ҳ ᵝ ̂ ̆1964̃ȁ ̂B.A

̆1957̃ Ṝҍ ̂ ᾝ 1986̃ ̆ ֓

ԅ № ̆Ӟҹ ≠ ᶫԅ Ȃ 20 ҕ  

30͘ ╠̆ף 40 ֲ

ԅ ῒ̆Ҭץ B.A. Ӌ ҹף ҹ Һ

└ ץ ᵬȂ .B.A ץ ҹף ↕ ҹḱ

Ȃ ̆ ḱ

Ȃΐᵣ ῐ ≠ ȁḱ ȁ

Ԛ ̂ ̆1978̃Ȃ ↕ ̆

ѿ Ȃ60 ףҬ ̆ ̂ ̆1962̃

Ҋ̆ Ԛ Ԛ ԅ Ȃ ף 70 

ԅ Ȃ 

҉ץ ֓ ԅѿҩ ̆ᵖ ҍ

̆ ῒ ӎ̆ ץ

Ҍ ԅ̆ҹԅᶏ῾ҙ Ȃ 

ҹԅḠ ῾ҙ ̆ ȁ

, ᴰ ̂ ̃̆ ̆
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ץ Ȃ Ҍ Ҋ №

ץ Ȃ № ̆ ᶭ № №

̆ └ └ ץ ̆  Ȃל

҉ ̆ Ҭ 2 Ҍ ̆ Ṝȁ

ȁ ᴆ ᵌ 3 ̂

ȁ 1 ̆ ғ ’̆ Ҍ

̃̆ Ҥ └ῒ ̆ ̆ №

̆ ץ ῏ ̆ Ҭ

ѿ ̆ Ҍ №№ Ȃ

Ҍֽ ҹ ᶫ ̆ ҹ

ȁ └ ȁ

ᶫ ᶭ ̆ ῾ҙ ΐ № ӈȂ 

1.3  

1.3.1  

ҹԅ ҉ץ ҩ ῤ ̆ ⌠ Ҍ Ҋ №

№ ץ ҹ └ └ ᶫ

ᶭ ̆Һ ԍץҊ ץ ̔ 

Һ ץ № ̆ Ҍ Ҋ

Һ ̆ҹԅ ң Ҍ Ҋῖ Ҭ №

ץ ῤ ̆ ᶭ

№ ⌠ Ҍ ̆ № ṿ

№ ̆ Ҍ Ҋ № ’Ȃ 

SPSS ᴆ № ȂῒҬ ѿ ̆

ᵌ ҹ ׆ № ̆ ң T ̂Paired- T- test ̃̕

ῃ № Ҍѿ T ľ № ᵌ

№ Ŀ Ẋ ╠ ̆ ᵣ№ -ң

Wilcoxon № Ȃ 

ԍ HYDRUS ̆ ṿ ṿ №

̆ ғ ԍҌ № № ̆ ̆ ₮

ң Ҍ Ҋ Ȃ 
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1.3.2  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                          

 

 

 

  1- 1    

                       1-1    2 

Ҍ Ҋ

№  
Ҍ

Ҭ

№
№

 

№  

 

HYDRUS-1D  HYDRUS-1D  

№
№

 

∆

№

№

 

№

№

 

Ҍ

№

№

 

 

 

 

PHṿ№  

ᶭ Ҍ Ṝȁ ᵌ  

ȁ №   

 ȁ ᴪ ’№   

Ṝ №  ’Һ ῒ  
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2   ‟  

2.1 ‟ 

2.1.1  

ԍ Ҭ ᶭ Ӌף 43 — ̆ῃ

420 Ȃ — 800 ̆— 608 ̆ ‰

ῤ — ѿ Ȃ 

ᵝ ҹ 43£27ł~45£21łN 8̆5£01ł~86£32ł

EȂ ᵝԍ Ҭ ̆‰ ̆ ᶭ

№ ̆ ̆қ ̆ ̆

Ȃ ל қ ẁ ̆ ᶭ

ҹ ȁ ȁ‖ ȁ ȁ 5 ᾝ̕ 4.7~5.7Ņ̆

 ғҤ ̆ ғ ̆ Ṝ ̆ ̕ Һ Ҭ

̆ ů500mm̆ ⁞ ⌠ 100mm̕

1500-2100mm̂ ῐ ̆2004̃Ȃ 

̆ ῍№ 13ҩ 33ҩ֒ 91ҩ Ȃ

Һ ῾ҙ ᵬ ҹ ̆ № ԍ ῾ ̕ῒ ҹ ȁ

̆ №№ ԍ Ҭ̆ ҬӞ Ȃ

ԍ ⌠ ᴆ ץ└ ̆ Ҭ

№ ̆ Ҥ Ȃ 

  

    

         2- 1 ᵝ    1 

http://baike.so.com/doc/6086009.html
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2.1.2 ‟    

֒ ̆ ῖ ῤ ̈ ғ

ᵬ ̆ ᵬ № ̆ⱴ҉Ҍ ᵬ└ ̆

ᶏ῾ ⱴҤ ̈ № №

ᵬ ̆ ľ Ŀ̈ № ᵣ̆

Ҭ № Ӟ № Ȃ ֓ Ҭ ҹ

ԅ ⱬץ ̆ ̆

ѿ ҉ ԅ ⱬ̆p ̆

ⱬ̆Ҍ Ҍ Ȃ 

Һ ҙ῾ץ ֟ҹҺ̆ 20ҕ 60 ף ץ ̆ ԍ

Ҍ ̆ ‖ ȁ ̆ Ҋ ᵝ̆ ֟ ̆

Ῥⱴ҉ᴰ Һ ҹҺ̆ ⱴ▲ Ҋ ᵝ ҉ ᶏ̆

ѿ ⱴ▲̆ ⱴ ̆ ̆ ῾ҙ

֟ȁ ȁ ᴪץ Ȃ 

2.2  

2.2.1  

ҹԅ ̆ ԅ ̆

ץ GPS ᵝ№≢ ԅ 3 ῖ ̆ ғ 3 ῖ

ῤ№≢ ȁ ѿ ҉̆

ῤ Ҍ Ȃ 

2.2.2    

ԍ ῾ ̆№≢ԍ 2013ȁ2014 4ȁ5ȁ6ȁ7ȁ8 ᴍ ̆ 

ҹԅ ⁞ Ṝȁ ȁ ̆

Ҋץ ↕̔ŵῖ Ṝ ȁ ᴆḠ ѿ

ᵌ̕Ŷ ῖ ̆Ḡ ѿ ̕ŷ

Ҍ ̂ ̃ 2 ᵬҹ ̆

҉ Ҍ ̕Ÿ ᾧ ȁ ȁ ץ

ᵝ Ź̕ ҩ 20cm Ȃ

№≢ҹ ȁ ҹ ȁ ҹ Ȃ

Ҋ ᵝ №≢ҹ 7m 2.1g. cm- 3Ȃ Ҋ ᵝ №

≢ҹ 6.5m 1.98g. cm
- 3
 Ȃ Ҋ ᵝ №≢ҹ 4m 2g. cm

- 3 
Ȃ
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ԍ҈ ῖ Һ ץ — ̆

Ҭ ᵞȂ 

      ῒҬ̆ ҹ ҩ ᴍ ѿ 5 ̆ Һ

Ҭ ̆ ̆ ғ ȁ

ҹ ̆ ׆ 4 Ҋ ⌠ 8 Ҋ 6 ̆

ῤΐᵣ № ҹ 4̔ ∆ȁ6 Ҋ ȁ7 ҉ ȁ8 ҉ ̆

6500~7000m3/hm2̆ ץ ҹ 12cm̕

№ ҹ̔4 10 ȁ6 20 ȁ7 15 ȁ7 25 ȁ

8 5 ȁ8 15 ̆ ̂4200~ 4500m3/hm2̃̆

ץ ҹ 12cmȂ≠ GPS ᵝ 3 6 ῖ ( 2- 1)̆

Ҋ 100cm ̆ ľ № Ŀ  3 ҩ

3ҩ ̆ ҩ 0- 20 cmȁ20- 40 cmȁ40- 60 cmȁ60- 100 cm

ҩ ̆ ѿ 3ҩ ̆ ȁ №Ȃ

5:1 № ̆ ȇ ῾ № ̂ ҈

Ȉ̃Ҭ ̂ ̆2008̃ №̆CO3
2-ȁHCO3

2- ╕Ҭ

̕Cl - AgNO3
- ̕SO4

2- EDTA ̕Ca2+

Mg2+ EDTA ̕K+ Na+ ᾣ Ȃ 

    ᶭ pH10ȁ pH6.86 ҍ pH9.18 ‖ PHṿȂ

EC Ȃ 

῏ԍ № ̔Һ ᶭ ץ ΐᵣᵝ ̆

Ҍ Ȃ ‰ ̆ᾢ Ῥ ̆ӊ ᶭ

ץ Ȃ 

ӊ ̆ ΐᵣẠ ҹ̔

№ ̆ ̆ ҍӊ╠

ҹ ̆ ӊ ҉̆Ῥ 50

8 ̆ № Ῥ̆

ҍ ṿ ҹ Ȃ 

                      2-1 ῝ ᵣḪ   

 2- 1 ῝ ᵣḪ    

        ( ) 

 
 N44°43́ 05" E85°43́ 40" 340 

338 

340 

 N44°43́ 26" E85°42́ 59" 

  
 N44°42́ 13" E85°44́ 18" 

 N44°41́ 43" E85°44́ 10" 338 

   N44°28́ 53" E85°53́ 33" 372 
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2.3   

2.3.1   

Ҍ ̆ל ⱴ ԅ

⁞ Ҍ̕ Ҍ №№

̆ҹ └ └ ᶫ ᶭ Ȃ  

2.3.2  Ὺ  

̂1̃ ῤ 4ȁ5ȁ6ȁ7ȁ8 ᴍ̆ ȁ Ҋ 0- 20cmȁ

20- 40cmȁ40- 60cmȁ60- 100cm №ȁ № № ץ ῒ

ҩ ῤ ꜚ Ȃ 

̂2 №̃ Ả 3 ȁ ȁ ⌠Ҍ 0- 20cmȁ

20- 40cmȁ40- 60cmȁ60- 100cm №ȁ № № ץ ῒ

Ҍ ꜚ Ȃ 

̂3̃ Ҍ ᴆҊ №ȁ №№ ̆ ң Ҍ Ҋ

№ Ȃ 

̂4 Ҍץ̃ Ҋ № ȁ № ҹᶭ ̆ ₮

ԍҌ Ȃ 

2.3.3  

ҹԅ ҉ץ ҩ ῤ ̆ ⌠ Ҍ Ҋ №

№ ץ ҹ └ └ ᶫ

ᶭ ̆Һ ԍץҊ ץ ̔ 

Һ ץ № ̆ Ҍ Ҋ

Һ ̆ҹԅ ң Ҍ Ҋῖ Ҭ №

ץ ῤ ̆ ᶭ

№ ⌠ Ҍ ̆ № ṿ

№ ̆ Ҍ Ҋ № ’Ȃ 

SPSS ᴆ № ȂῒҬ ѿ ̆

ᵌ ҹ ׆ № ̆ ң T ̂Paired- T- test ̃̕

ῃ № Ҍѿ T ľ № ᵌ

№ Ŀ Ẋ ╠ ̆ ᵣ№ -ң

 N44°28́ 54" E85°53́ 38" 372 
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Wilcoxon № Ȃ 

ԍ HYDRUS ̆ ṿ ṿ №

̆ ғ ԍҌ № № ̆ ̆ ₮

ң Ҍ Ҋ Ȃ 
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№
/g

.k
g

-1
 

3  ⅎⅎ  

ῒ ῾ҙ Һ └

ӊѿȂҹԅ ̆ ╠ ῒ 20ҕ 90

ץף ҹ ╠

̆ 15~20 ῒ

(Lambert K,et al.,2002 )̆ ╠

῏   ̆ ̆ ȁ №

҉̆ № Ҭ

№ ץ̆ ҹ ȁ

└ ȁ ᶫ ᶭ Ȃ                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

3.1 Ὺ ɻ ⅎⅎ  

3.1. 1 Ὺ █ ⅎ꜠  

ԍң Ҍ Ҋῖ ῤ

№ ̆ └₮ ȁ ῤ 0- 100 cm ╩ №

̆ΐᵣ 3- 1 ̔ 

 

 4 5 6 7 8
0.0

0.4

0.8

1.2

1.6

2.0

 

 
 

 

0.0

0.4

0.8

1.2

1.6

2.0

   4 5 6 7 8
0.0

0.2

0.4

0.6

0.8

1.0

1.2

 
 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

 

 

№
/g

.k
g

-1
 

ã  b̃  
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 4 5 6 7 8
0.0

0.9

1.8

2.7

3.6

4.5

5.4

 
 

0.0

0.9

1.8

2.7

3.6

4.5

5.4

 

 
 3-1 Ғ Ґ 0-100cm  

 3- 1 Ғ Ґ 0- 100cm   

3- 1a ₮ ῤ ᴍ 0- 100cm №ṿᵞ

ԍ №̕ ῤ ╩ № ṿ₮ 6 ᴍ̆

№ ṿ₮ 7 ᴍ̆ № ṿ₮ ԍ

№ ṿȂ  

3- 1bҺ ₮ ῤ 0- 100cm

ᵞԍ №̕ № ṿ₮ 5 ᴍ̆

№ ṿҹ 7 ᴍ̆ № ṿ₮ ԍ № ṿȂ 

3- 1cҺ ₮ ῤ 0- 100cm №

ᵞԍ №̕ ғ ȁ № ל ѿ ̆

№ ṿ ₮ 7 ᴍ̆ ṿ ₮ 8 ᴍȂң Ҋ

№ ṿ₮ ѿ Ȃ 

3- 1 ῤ 0- 100cm №ṿ ԍ

№̕ ῤ 0- 100cm ╩ № ṿ₮ ԍ

№ ṿȂ 

3.1. 2῝ Ὺ ⅎ꜠  

ȁ ῤ № №ל 3- 2

̔ 

№
/g

.k
g

-1
 c̃  
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3-2 Ғ Ґ Ὺ ⅎ          

3- 2 Ғ Ґ Ὺ ⅎ   1 

3- 2aҺ ԅ ῤ № ץ₮ 6 ᴍҹ

ṿ № ̆ל ῤ №ṿ ⌠ ᶭ ҹ 40- 60cmȁ

60- 100cmȁ20- 40cmȁ0- 20 cm Ȃ 3- 2bҺ ᵣ ԅ 20- 40cm ̆

№ṿ ץ₮ 7 ᴍҹ ṿ №  Ȃל

3- 2ᵣ ₮ң Ҋ ῤ №ṿ ⌠ ᶭ ҹ̔

40- 60cmȁ60- 100cmȁ20- 40cmȁ0- 20cm̕ №ṿᵞԍ

̆ ῤ № ṿ₮ ҹ 7 ᴍ ҹ 6

ᴍȂ ῤ № ꜚ ԍ Ȃ ҉ ԅ

̆ ғ ῤ

№№ ΐ Ȃ 

ȁ ῤ № №ל 3- 3  ̔

     

3-3  ҩ Ғ Ґ Ὺ ⅎ 3- 3

Ғ Ґ Ὺ ⅎ  24 1 1 

3- 3aҺ ԅ Ҍ ⱴ̆ ῤ

№ Ҍ -4̆ל 6 ᴍ ץ₮ 5 ᴍҹ № Ȃ

6ȁ7ȁ8 ᴍ № Ȃ 3- 3bҺ ԅ

0.0

0.4

0.8

1.2

1.6

2.0

2.4

4 5 6 7 8

№
/ 
g

.k
g-1

a)

0-20cm
20-40cm
40-60cm
60-100cm

0.0

0.4

0.8

1.2

1.6

2.0

2.4

4 5 6 7 8

№
/ 
g

.k
g-1

b)

0-20cm
20-40cm
40-60cm
60-100cm

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

4 5 6 7 8

№
/

g
.k

g-1

a)

0-20cm
20-40cm
40-60cm
60-100cm

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

4 5 6 7 8

№
/

g
.k

g-1

b)

0-20cm
20-40cm
40-60cm
60-100cm
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ⱴ ῤ №ṿ 4ȁ5ȁ6 ᴍ Ҍ ̆ 6

8 ᴍ № ץ₮ 6 ᴍҹ ṿ №  Ȃל

3- 3 ₮ ȁ ῤ №ṿ

ⱴ ̆ № ṿ₮ 5 ᴍ̆

№ ṿ₮ 7 ᴍ̆ ῤ № ṿ₮

ԍ ̕ ң Ҋ № ꜚ ל Ҍѿ ̆p ׆ ҩ

№ ꜚ ԍ Ȃ 

ȁ ῤ № №ל 3- 4  ̔

  

3-4  ҩ Ғ Ґ Ὺ ⅎ   

  3- 4  ҩ Ғ Ґ Ὺ ⅎ   1 

3- 4aҺ ῤ № 4 ᴍ 6 ᴍ Ҍ

̆ 6- 8 ᴍ̆ № ץ₮ 7 ᴍҹ ṿ № Ȃ 3- 4bҺ

ῤ № 4- 6 ᴍ Ҍ ̆p

№ṿ Ȃ 6- 8 ᴍ № ץ₮ 7 ᴍҹ ṿ №  Ȃל

3- 4Һ ᵣ ₮ ῤ №ṿᵞԍ ̕

№Һ Ҭ 20- 60cm ̆ №Һ Ҭ

0- 40cm ̕ң Ҋ № ῤ ל ѿ  ̆ №

ṿ ₮ 7 ᴍ ң̆ Ҋ ῤ № ꜚ

Ӟ Ȃ 

3.1.3 ɻ Ὺ ⅎ ꜠ ⅎ    

ᶭ № ̆ ̆ └₮ ȁ

ῤ № № Ȃ ғᶭ

№ ̆ ̖10%ҹ ̕ 10%~100%ҹҬ ̕

̘100%ҹ ̂ ̆2006̃  

ῖ ȁ ῤ № №ל

3-5 ̔ 

0.0

0.7

1.4

2.1

2.8

3.5

4.2

4.9

5.6

4 5 6 7 8

№
/ g

.k
g-

1

a)

0-20cm
20-40cm
40-60cm
60-100cm 0.0

0.7

1.4

2.1

2.8

3.5

4.2

4.9

5.6

4 5 6 7 8

№
/ 
g

.k
g-1

b)

0-20cm
20-40cm
40-60cm
60-100cm



                                 3  №№  

19 

 

̂
%̃

 

̂
%̃

 

  
0-20cm 20-40cm 40-60cm 60-100cm

0

10

20

30

40

50

60

 

 

 
  

0

10

20

30

40

50

60

 

   0-20cm 20-40cm 40-60cm 60-100cm
0

8

16

24

32

40

48

 

 
  

 

0

8

16

24

32

40

48

 

 

0-20cm 20-40cm 40-60cm 60-100cm
0

6

12

18

24

30

36

42

 

 
 

0

6

12

18

24

30

36

42

 
 

      

 

 

3- 5aҺ ᵣ ₮ ȁ 100cm

ῤ № Ҋ p̆ל ⱴ ῒ

ṿ ̕ № ṿ ԍ ̆

№ ꜚ ԍ ̕ № ҹҬ

Ȃ 

3- 5b ₮ ȁ ⱴ №

ԍѿ ̕ ῤ № ԍ

№ ̕ № ꜚ ҹ 30.3%̆ ꜚ

ҹ 70.87%̆ № ꜚ ԍ Ȃ 

3- 5cҺ ₮ ⱴ №

₮ ᵞ ̆ל № ₮Ҍ ⱴ ̆ל

40cmץ № ԍ ̆ң Ҋ

№ ꜚ ѿ Ȃ 

3- 5 ₮ ῤ № ꜚ ԍ

№ ꜚ ̕ №

ԍ ̆ № ҹҬ ̆

№ Һ ҹҬ ̆ᵖӞ № Ȃ 

c̃  

 ã  
 b̃  

̂
%̃

 

 

3- 5  Ғ ᴓ ҩ Ґ ⅎ  

3-5  Ғ ᴓ ҩ Ґ ⅎ  

1 

3-5  Ғ ᴓ ҩ Ґ ⅎ  

2 

3-5  Ғ ᴓ ҩ Ґ ⅎ  

3 

 

0-1 

3-5 1 
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3- 6aҺ ₮ 4- 7 ᴍ ȁ №

̆7 ᴍң ṿ ѿ ̕ № ꜚ

ԍ Ȃ 

3- 6b Һ ₮ 4 7 ᴍ ȁ №

ṿ ̆ ңҩ ᴍῤҌ ῤ № №

ѿ ̕ № ꜚ ԍ Ȃ 

3- 6cҺ ₮ № ԍ ̆

ғ 6 ᴍң № ̆ 6

ᴍ ȁ №№ ѿ ̆ Ӟ

№№ ᴍȂ 

3- 6 ῤң № №

Ҍѿ ̆p 6 7 ᴍ ң̆ № №

ѿ ̆ ̕ ῤ № №

ԍ ̆ ᴍ №№ ѿ ԍ Ȃ 

3.1.4    

3.1.3.1   

₃ ֲ̆ ᶭױ ף ף Ḇ

№ ̆ᶏ Ṝ ȁ ⱴȁ ᵞȁ

0%

10%

20%

30%

40%

50%

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

a)

0%

5%

10%

15%

20%

25%

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

b)

0%

5%

10%

15%

20%

25%

30%

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

c)

3- 6  Ғ ᴓ ҩ Ґ ⅎ  

3-6 1 

3-6  Ғ ᴓ ҩ Ґ ⅎ  1 

 

0-1 

2 

3-6 3 
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⁞ ̂ ᾣ ̆2008̕ ̆2003 ̕ ᾣ ̆1988̕  

̆2007̃̆ Ṝ Ӟ ԅ ꜚ Ȃ Ҭ

Ҭ № ֲҹ ̆ ῒ

ΐ ӈȂ 

ľ ̆ Ŀ №№ ҉ ⌠ ̆

ҍ № ΐ Ȃ

ҹ 4 ̂ῃ 6500~7000m
3
/hm

2̃̆ ҹ 6 ̂ῃ 4200~4500m
3
/hm

2
,̃

3 Ȃ҉ץ Ҋ ᵝ ⁞

№ ⁞ ̆ ᶏ № ԅ

̂0-100cm̃ ᶏ № № ῀ԅ 100cmץҊ Ȃ 

̆ҍ ̆ Ҋ ̆

ᶏ Ҋ ῃ ꜚ ԍ Ҋ

ꜚ̆ ̆ Ҋ ҩ

̆ ᶏ № ̕ ᶏ

№ ̆p ≢ ̆ ԍ

Ṝ ̆ ⁞ Ȃ 

ҹ Ṝᶏ № ̆ № № Ҍ

҉ ̆⁞ ԅҌ Ȃ ѿ ̆ ҩ

Ӟ ̆ ̆ ץ ȁ №

̆ל № ṿץ № ₮ 6 7 Ȃ 

̆Ҍ └ ̆ ғ ῖ ̆

Ҍ ̆ ѿ Ҍ Ҋ № Ӟ

ᴪ ̆ ץ ѿ Ȃ 

3.1. 2.2   

№҉ץ ̆Ҍ Ҭ № № Ȃ

ΐᵣ Ҋץ₮ ̔                                                                                                                                                                                                                                                                                                                                                                                                                       

̂1 ҉ץ̃ ̆ ᴍ 0- 100cm №ṿ ԍ

№̕ ῤ 0- 100cm ╩ № ṿ₮ ԍ

Ȃ 

̂2̃ ῤ № ṿ₮ ҹ 5 ᴍ 6 ᴍ̆

№ṿ₮ ↕ҹ 6 ᴍ 7 ᴍ̕ ῤ №ṿ

Һ Ҭ 40- 100 cm ̆ №↕ Ҭ 20- 60cm ̕

ῤ № ᵞԍ №Ȃ 

̂3̃ ῤ № ԍ №

̆ № ҹҬ ̆

№ Һ ҹҬ ̆p Ӟ № ̕ ῤ
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№ ꜚ ԍ № ꜚ

̆ ῤ № №№

̕ 6 7 ᴍ ң̆ № №

ѿ ̆ Ȃ 

3.2  ɻ √ ⅎⅎ   

№ꜚ ῏ Һ ӊѿ( 2̆001̕

 2̆009)Ȃ ῖ ғ ̆ῒ ѿ

⌠ ‗ ῏ Ȃ Ҭ ̆2006

32.07%̆ ⌠

ῃ ᴪ ̂ ̆2010 ̕ 2009̆ ӈ

2008̃Ȃ 

ԍ № ̆ 4 ᴍ 8 ᴍ ȁ №

№ ̆ ԍ⁞ ΐ ᵬ Ȃ Һ ҹ 4 ᴍ

№ № ԍ҉ 8 ᴍẢ ̆ ѿҩ ғ ⌠

‛ȁ Ṝ ̆ №№ ᵣ ̆ № №

ᴪ ֟ Ȃ 8 ᴍ №№

4 8 ᴍ ῤ ץ̆ ȁ ȁ ᵬ

̆ ץ ѿ ԅ Ả № № Ȃ 

ῒҬң Ҋ ᴆ ѿ ̆ № № Һ

ң Ҍ Ȃ Ҍ Ҋ ץ ᴨץ̆

№№ Ȃ 

3.2. 1 0- 100cm █ ⅎ  

ҹԅ 4 ∆ 8 ȁ 0- 100cm╩ №№ ̆

ԍ № ԍ 3- 7̔ 
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3- 7  4ɻ8 ᴓ ɻ 0- 100cm█   

     3- 7a ₮ 4ȁ8 ᴍ № ԍ ̆

ғ 4 ∆ ȁ ṿ ԍ 8 ̕ 4ȁ

8 ᴍ ṿ ԍ ̆ ̆4 ∆ ȁ

ᵞԍ 8 Ȃ 3- 7b ₮ 4ȁ8 ᴍ №

ԍ ̆ ғ4 ∆ ȁ ṿ ԍ8 ̕

4ȁ8 ᴍ ṿ ԍ ̆ ̆4 ∆ ȁ

ԍ 8 Ȃ 3- 7cᵣ ₮ 4ȁ8 ᴍ

№ ԍ ̆ ғ 4 ∆ ȁ ṿ

ԍ 8 ̕ 4ȁ8 ᴍ ṿ ԍ ̆ ̆4 ∆

ȁ ԍ 8 Ȃ 

3- 7 ₮ ∆ 4 ץ∆ Ả 8 ̆ №

ԍ ̆4ȁ8 ᴍ ṿ ԍ ̕

ҹ Ҋ ץ ԍ ̆ №

№Ҋ ꜚⱬץ Ҋ ԍ ̆ ץ 4ȁ8 ᴍ №

ᵞԍ Ȃ ̆ ԍ ץ ԍ

̆ ⌠ ῤ Ṝץ ȁ

ԍ ̆ ץ ∆

ԍ Ȃ 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

4 ᴍ 8 ᴍ

№
̂

g
.k

g-1
̃

a) 

0.0 

0.9 

1.8 

2.7 

3.6 

4.5 

5.4 

4 ᴍ 8 ᴍ

№
̂

g
.k

g-1
̃

b)

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

4 ᴍ 8 ᴍ

№
̂

g
.k

g-1
̃

c) 
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3.2.2 √ ɻ ⅎⅎ  

ҹԅ 4 ∆ 8 ȁ 0- 100cm╩ №

̆ ԍ № ԍ 3- 8:  

 

 

 

3- 8  ῝ 4ɻ8 ᴓ ɻ ⅎ ⅎ   

3- 8ᵣ ₮ ∆ ԍ ̆ ԍ

№ №Ҋ ԍ ̆ № №Ҋ ₮

100cm Ȃ 

0.0 

0.4 

0.8 

1.2 

1.6 

2.0 

0-20cm 20-40cm 40-60cm 60-100cm

№
̂

g
.k

g-1
̃

4

0.0 

0.4 

0.8 

1.2 

1.6 

2.0 

0-20cm 20-40cm 40-60cm 60-100cm
№
̂

g
.k

g-1
̃

8

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

0-20cm 20-40cm 40-60cm 60-100cm

№
̂

g
.k

g-1
̃

4

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

0-20cm 20-40cm 40-60cm 60-100cm

№
̂

g
.k

g-
1
̃

8

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

0-20cm 20-40cm 40-60cm 60-100cm

№
̂

g
.k

g-1
̃

4

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

0-20cm 20-40cm 40-60cm 60-100cm

№
̂

g
.k

g-1
̃

8
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a1̃ ȁb1̃ ȁc1̃ᵣ ₮ ⱴ̆ №

ꜚ ⱴ ̆ל № ₮ ꜚ ⱴ

̕ל ғ ⱴ̆ №№

Ȃ ԍ Ҋ ᵞԍ Ȃ 

a2̃ ȁb2̃ ȁc2̃r ₮ ⱴ̆Ả 8 ᴍ ȁ

ץ № ԍѿ Ȃ ҹ ҩ

̆ ԍҊ № ⌠Ҍ ̆

№ ץ № ̆ ⱴ ң̆

№ ⁞ ̆ ң Ҋ №

ԍѿ Ȃ 

3.2.3 √ ɻ ⅎ  

╠ ̆ 4 ∆ 8 Ҍ Ҋ №№

Ҋ̆ ῏ Wilcoxin ȁ 4 ∆

8 № ≢ № ץ̆ ᵀ ≢ ΐ

ӈȂ 

  

3- 1  4 √ ɻ ⌡   

    0- 20cm 20- 40cm 40- 60cm 60- 100cm 

 Sig. 0.510   0.011  0.008  0.011 

Z -1.955 -2.547 -2.666 -2.547 

3-2  8 ɻ ⌡   

3- 2  8 ɻ ⌡   1 

 0- 20cm 20- 40cm  40- 60cm 60- 100cm 

Sig. 0.008 0.008  0.008 0.038 

Z -2.666 -2.666 -2.666 -2.073 

 

׆ 3- 1 ̆ ∆ ̆ ԍ 0.05 ̆

≢ ̂20- 40cm̃̆ ̂40- 60cm̃ ̂60- 100cm̃

ΐ ӈ̆ ̂0- 20cm̃ ≢ ӈȂ

ѿ ԅ ∆ 4 ᴍ̆ ԍ ῤ

̆Ҍ ↕ Ҍ ̆ 4 ∆̆ң Ҍ

Ҋ Ҍ Ȃ ⱴ̆ ῤ

ⱬ ⁞ ̆ ȁ ȁ № ѿ ҉ᵣ ₮

Ҍ Ȃ 
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׆ 3- 2 ̆ ̆ ԍ 0.05 ̆

≢ ̂0- 20cm̃̆ ̂20- 40cm̃̆ ̂40- 60cm̃

̂60- 100cm̃ ΐ ӈ̆ ѿ ԅ ̆

Ҋ ⌠Ҍ ̆ ғ ⱴ ң̆

≢ ⁞ Ȃ ҹ 0- 100cm╩

̆ ҩ ̆ң Ҍ ̆

ң Ҍ Ҋ ≢ Ȃp

ⱴ ң̆ Ҋ ⁞ ↕̆ Ӟ

ӊ⁞ ̆ ⱴ ң̆ Ҍ Ҋ ≢

Ȃ 

3.2. 4   

 ῏  

ң Ҍ Ҋ ∆ № № Ҍѿ ̆

₮ ̆ל ҹ ∆ 4 ᴍ № ԍ҉ 8

ᴍẢ ̆ ԅ ȁ ץ‛ ₃Ӎ

ң̆ Ҍ ⌠ ̆ ∆

№ ≢ Ҍ ̆ Ҍ ᵣ ң Ҍ

Ȃᵖ ̆ ⱴ̆ ⁞ ̆

Ҋ ץ № ᵣ ₮ң ≢̕

8 ᴍ̆ ԍ ԅ ҩ ң̆ Ҍ

№ ᵣ ₮ԅҌ ̆p

ⱴ̆ № №Ҋ ꜚⱬ ⁞ ץ ⱬ ̆ Ҍ

₮⁞ Ȃל 8 ң №

ⱴ ԍѿ Ȃ 

 

№҉ץ ̆ ∆ Ҍ ץ №

̆ΐᵣ Ҋץ₮ ̔  

̂1̃ ∆ ̆0- 100cm╩ ῤ № ԍ

̆ ∆ ֟

̕ 0- 100cm╩ ῤ̆ 4ȁ8 ᴍ ṿ

ԍ Ȃ 0- 100cm ῤ ԍ №

∆ № Ȃ 

̂2̃ ⱴ̆ № ꜚ ⱴ ̆ל
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№ ₮ ꜚ ⱴ Ȃל ғ ╩ ҉

№№ Ả̕ 8 ȁ

ץ № ⱴ ԍѿ Ȃ 

̂3̃ ∆ 4 ᴍ̆ ԍ ⌠ ң №

≢ Ҍ ̆ ̆ № ≢ ̕ 8 Ả ̆

ң Ҍ Ҋ ≢ ̆ ғ ⱴ̆

Ҍ ⁞ Ȃ                                                                                                                                                                                                                                                                                                                                                                                                         

3. 3 ɻ ⅎ ⅎ  

    ᵬҹѿ № Ȃ

ֲ Ҍ ⱴֲ̆ ҍ ⱴ▲̆ ̆ Ҍ

Ҭ № № ѿ ΐ ӈȂҹ ̆

̆ ȁ № ҉̆ №

Ҭ № ץ̆ ҹ

ȁ └ ȁ ᶫ

ᶭ Ȃ 

3. 3. 1 0- 40cm█ ⅎ ⅎ  

ҹԅ Ҍ Ҋ 0-40cm╩ № № ̆

ԍ № ԍ 3-3 3-4̔ 

3-3 0-40cm█ ⅎ ⅎ  

  3- 3 0- 40cm█ ⅎ ⅎ  1 

 

   CO3
2-
  HCO3

-
 Cl

-
  SO4

2-
  Ca

2+
 Mg

+
 Na

+
   K

+
 

   

 0.00  0.03  0.01  0.01  0.08  0.03  0.17  0.08  

 0.00  0.04  0.01  0.03  0.09  0.05  0.20  0.03  

 0.00  0.03  0.02  0.17  0.46  0.15  0.38  0.08  

 

 3- 4  0- 40cm█ ⅎ ⅎ   

 

 
 CO3

2-
  HCO3

-
 Cl

-
  SO4

2-
  Ca

2+
 Mg

+
 Na

+
   K

+
 

   

 0.00  0.06  0.02  0.05  0.18  0.05  0.18  0.08  

 0.00  0.03  0.03  0.15  0.24  0.13  0.90  0.07  

 0.00  0.02  0.07  0.35  0.79  0.31  1.27  0.10  
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ҹԅ Ҭ ̆ Һ №

ῤ̆ ̂0-40cm̃ Ȃ 

3-3 3-4 ȁ № Һ ᵣ 0̔-40cm

╩ CO3
2- ҹ C̕O3

2-ȁHCO3
2-ȁCl

-ȁSO4
2- ᵞԍ Ca

2+ȁ

Mg
+ȁNa

+ȁK
+ ̆ Һ ץ SO4

2- ҹҺ̕ Һ ץ Na
+

Ca
2+ 

ҹҺ̆ ғ ȁ ԍ Ȃ ԍ

ԍ ̆ῒ ᴨԍԚ ̂ 2̆010̃

3-3 3-4 ȁ № № Ҍ Һ ᵣ ̔

ȁ ᵞԍ ̆ғ ȁ №

Ȃ ҹ Ҋ ץ ԍ

̆ № № Ҋ ̆ № № ԅ 40cm

̆ 0-40cm╩ № ғ№ Ȃ

Ҋ ԍ ץ ̆ 0-40 cm ῤ

̆Ҋ ̆ 0-40 cm ῤ № ғ№ Ҍ Ȃ 

ҹԅ Ҍ Ҋ 0-100cm╩ ῤ № №

̆ ԍ № ԍ 3-4̔ 

3.3.2  █ Ὺ ⅎ ⅎ  

  3-5  █ Ὺ ⅎ ⅎ  

             3a1̃              ᵝ̔(g / kg)  

/cm   
  CO3

2-
  HCO3

-
  Cl

-
 

   

SO4
2-
  Ca

2+
   Mg

+
  Na

+
 K

+ 
 

0- 20 0.00  0.04  0.01  0.01  0.08  0.02  0.14  0.08  

20- 40 0.00  0.03  0.01  0.02  0.08  0.04  0.20  0.07  

40- 60 0.00  0.03  0.01  0.02  0.12  0.03  0.23  0.07  

60- 100 0.00  0.03  0.01  0.03  0.12  0.05  0.31  0.07  

 

           

 

 

 

          3a2̃          ᵝ̔(g / kg)  

   CO3
2-
  HCO3

-
 Cl

-
  SO4

2-
   Ca

2+
  Mg

+
  Na

+
 K

+
 

0- 20 0.00  0.06  0.02  0.05  0.20  0.05  0.18  0.08  

20- 40 0.00  0.07  0.01  0.04  0.16  0.05  0.19  0.08  

40- 60 0.00  0.08  0.02  0.05  0.15  0.05  0.23  0.08  

60- 100 0.00  0.08  0.01  0.06  0.13  0.04  0.27  0.07  
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                  3b1̃                  ᵝ̔(g / kg)  

   CO3
2-
  HCO3

-
 Cl

-
  SO4

2-
    Ca

2+
    Mg

+
    Na

+
 K

+
 

0- 20 0.00  0.04  0.01  0.01  0.08  0.02  0.08  0.03  

20- 40 0.00  0.04  0.02  0.05  0.10  0.07  0.32  0.03  

40- 60 0.00  0.04  0.02  0.03  0.10  0.05  0.37  0.02  

60- 100 0.00  0.04  0.02  0.03  0.10  0.02  0.33  0.02  

 

                 3b2̃                ᵝ̔(g / kg)  

   CO3
2-
  HCO3

-
 Cl

-
    SO4

2-
    Ca

2+
    Mg

+
    Na

+
 K

+
 

0- 20 0.00  0.02  0.03  0.09  0.19  0.11  0.72  0.08  

20- 40 0.00  0.03  0.04  0.21  0.29  0.15  1.07  0.06  

40- 60 0.00  0.03  0.02  0.13  0.18  0.08  1.27  0.04  

60- 100 0.00  0.04  0.03  0.13  0.17  0.05  1.13  0.03  

 

                 3c1̃             ᵝ̔(g / kg)       

    CO3
2-
  HCO3

-
 Cl

-
  SO4

2-
  Ca

2+
  Mg

+
 Na

+
 K

+
 

0- 20 0.00  0.03  0.02  0.13  0.37  0.10  0.32  0.08  

20- 40 0.00  0.03  0.02  0.22  0.54  0.19  0.44  0.07  

40- 60 0.00  0.03  0.03  0.25  0.70  0.07  0.60  0.07  

60- 100 0.00  0.03  0.04  0.17  0.43  0.21  0.68  0.04  

 

                3c2̃              ᵝ: (g / kg)  

 CO3
2-
  HCO3

-
 Cl

-
   SO4

2-
    Ca

2+
  Mg

+
 Na

+
 K

+
 

0- 20 0.00  0.02  0.08  0.38  0.93  0.27  1.29  0.10  

20- 40 0.00  0.02  0.06  0.33  0.65  0.34  1.25  0.10  

40- 60 0.00  0.02  0.06  0.25  0.59  0.20  1.07  0.10  

60- 100 0.00  0.02  0.05  0.24  0.58  0.19  0.85  0.09  

3-5Һ ᵣ ₮ ȁ ᵞԍ ̆

ҹ Ҋ № №Ҋ ץ Ӟ Ȃ

ⱴ̆ ╩ ԍ ̆

╩ № ̆ ҹ

ᵞԍ Ȃ 

ⱴ̆ ₮Ҍ Һ Ҭ

20-60cm ̆ל Һ Ҭ

̆ 0-40cm Ȃ ԍ ľ ̆ Ŀ ꜚ῏

̆ Ҋ ̆ ғ Ҋ ꜚⱬ

⁞ ץ ⱬ ̆ Ҭ ̕

№Ҋ ꜚⱬ ̆ №Ҋ № Ȃ ̆ ԍ

̆ № № ̆ №

№ ₮ѿ Ȃל
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№ ԍ ҬȂ 

3.3.3 ɻ █ ⅎ ⅎ  

ҹԅ Ҍ Ҋ 0-100cm╩ ῤ № №

̆ ԍ № ԍ 3-9̔ 

 

3- 9  0 - 100cm█ Ὺ ⅎ ⅎ   1 

3-9 Һ ᵣ ₮Ҍ Ҋ № № Ȃ 3a

Һ ᵣ ₮ Ҋ № № ̆ΐᵣ ҹ̔CO3
ץ-2

HCO3
2- ҹ ԍ 10% ̆ Ҭ Ca

2+
K

+

̕ᵖ ꜚ ̕ 3bҺ ᵣ

₮ № № ̆ΐᵣ ҹ̔ CO3
2-

ҹ ῒ̆ᵩ ҹҬ ̕ ғ

ꜚ Ȃ   

3-9Һ ᵣ ₮ ╩ № ꜚ ԍ

̆ ҹ ץ̆ Ҋ ԍ

̆ ғ ⱴ̆ №

⁞ Ȃ ̆Ҍ └ ̆ ғ ῖ

̆ Ҍ ̆ ѿ Ҍ Ҋ №

№ Ӟ ᴪ ̆ ץ ѿ Ȃ 

3.2.4   

1̃ 0- 40cm╩ CO3
2- ṿ ҉ҹ ̕CO3

2-ȁ 

HCO3
2-ȁCl -ȁSO4

2- ᵞԍ Ca2
+ȁMg+ȁNa+ȁK+ Ȃ ҹ CO3

2-

ҍH+ HCO3
2- CO3

2-  ᵞ[11] ,  ғ Ҭ ֜

ⱬ ԍ ̆ № Ȃ0- 40 cm╩ ῤ

ȁ ṿᵞԍ ̆ғ ȁ №

0

10

20

30

40

50

60

CO32- HCO3- Cl- SO42- Ca2+ Mg+ Na+ K+

/ 
 %

3ã

0

10

20

30

40

50

60

/ 
 %

3b) 

CO3
2-     

HCO3
-     

Cl
-     

SO4
2-     

Ca
2+    

Mg
+  

  Na
+      

K
+
 

   

CO3
2-
 HCO3

-
 Cl

-
 

 

CO3
2-     

HCO3
-    

Cl
-    

SO4
2-     

Ca
2+   

Mg
+  

 Na
+   
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Ȃ Һ  ñ ̆ ò ꜚ῏ ̆

Ҋ ᵝ ⁞ ᶏ № ԅ

̂0-40 cm̃̆ ᶏ № № ῀ԅ 40 cmץҊ Ȃ 

 ȁ ṿᵞԍ ̆ ԍ

ᵬ ̆ № ⁞ ̆ῒ ȁ № Ȃ 

2̃ ȁ ᵞԍ ̕ ⱴ,

₮Ҍ ל Һ Ҭ 20~60 cm ̆

Һ Ҭ ̆ 0-40 cm

Ȃ ȁ Ҍ Ȃ Һ ҹѿ

̆ Ҋ № Ҋ ꜚⱬ⁞ ̆ №

̆ ԍ ᵝ ⁞ ᶏ №

ԅ ̂0-40 cm̃̆ ₮ ԅ҉ ң Ҋ

№ ̕ ѿ ̆ № Һ №̆

ᵞ̆ ̆ ԍ Ȃ  

3̃0-100 cm ╩ ῤ Ҭ CO3
2-

HCO3
2- ҹ

̆ Ҭ Ca
2+

K
+ Ȃ  0-100cm╩ ῤ

№ CO3
2- ҹ ̆ῒᵩ ҹҬ Ȃ ҍң

Ҋ № ᵞ ῏̆ № ᵞ ῒ̆ Ҋ

̆ғ № ̆ ῒ ᵞȂ ӊ̆↕ῒ

Ȃ 0-100 cm╩ ῤ № ꜚ

ԍ Ȃ ҹ ץ̆ Ҋ

̆ ғ ⱴ̆ №

ԍ Ȃ 

 

3.4 Ғ Ҳ ⅎ ⅎ  

Ҭ Ҍ Ҋ ᴆ ᵌ 3 ῖ

№≢ҹľ ȁ ȁ Ŀ Ȃ ғ ԍ ȁ ȁץ

Ҍ Ȃ ԍ 3 ῖ ץ

Ҍѿ ̆ ץ ⌠ ’̆ῒҬľ Ŀ

≠ ȁץ ȁ Ҍ ̆ ľ ȁ Ŀ

Ҍ ȂῒҬ̆ ׆ ֽ̆ᶭ

Ȃ ԍץ ̆№ Ҭ № №

Ҍֽ̆ ץ ѿ Ҍ Ҋ № №

̆ל ҹץ ᶫ ᶭ Ȃ 
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3.4.1 Ҳ 0- 40cm█  

ҹԅ Ҭ 0- 40cm╩ ̆ל

ԍ 3- 10̔  

 

 3-10 Ҳ 0-40cm█ ⅎ             

              3- 10 Ҳ 0- 40cm█ ⅎ      1 

     ҹԅ Ҭ ̆ Һ №

ῤ̆ ̂0-40cm̃ Ȃ 

3-10Һ ᵣ ₮ Ҭ 3 0-40cm╩

№ ̆ Ҍѿ ̆p

Ҭ̆ № ₮̔ ̆

̆ Ҋ ₮ ᵞ ̆ל

ᵞ̆ᵖ ̆ 3 ⱴ ₮

ꜚ ⱴ  Ȃל

҉ № ̂1̃ ̆ ҹ

№ғ ̆ ̆ ғ № № ҉ ̆

Ȃ̂ 2̃ Ҋ ̆

Ҋ ̆0-40cm ╩ Ȃ̂ 3̃

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

1 2 3 4

№
/̂

g
.k

g-1
̃

a  

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

3 4 5 6
№

/̂
g

.k
g-1
̃

b  

0.0

0.3

0.6

0.9

1.2

1.5

1.8

2.1

5 6 7

№
/̂

g
.k

g-1
̃

c  
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Ҋ ᵝԍ ӊ ̆ ғ

ⱴ № ₮ ѿ ṿ ꜚ ꜚ ⱴ ̆ל Һ ҹ

Ҋ ץ ̆ № №Ҋ ץ Ҋ

̆ ԍ Ȃ ̆ ԍ Ҋ̆ №

№Ҋ ̆ № № №

0-40cm ῤ̆ ⱴ № ₮ ꜚ ⱴ Ȃל

῾ ҈ҩ ľ̂ Ŀ ҹ ľ̆ Ŀ ҹ ľ̆ Ŀ

ҹ ̃̆ ῤ ῒ №ṿ 0.5g/kg ṿ ꜚ ̆

ⱴ ῒ̆ №ṿ ₮ ꜚ ⱴ ̆ל ѿ ԍ

Ȃ 

3.4.2 Ҳ 0- 100cm█ Ὺ  

ҹԅ Ҭ 0- 100cm╩ ῤ

̆ל ԍ 3- 11̔  

 

 

            3- 11  Ҳ 0- 100cm█ Ὺ ⅎ  

    Һ ᵣ ₮ № Ҋ ̔ ᾢ̆ ԍ № ̆

Ҭ 3 № ץ Ҍ ῃ

0.0 

1.2 

2.4 

3.6 

4.8 

6.0 

7.2 

1 2 3 4

№
/̂

g
.k

g-1
̃

a

0-20cm

20-40cm

40-60cm

60-100cm

0.0 

0.7 

1.4 

2.1 

2.8 

3.5 

5 6 7

№
/̂

g
.k

g-
1 ̃

b 

0-20cm
20-40cm
40-60cm
60-100cm

0.0 

0.3 

0.6 

0.9 

1.2 

1.5 

3 4 5 6

№
/̂

g
.k

g-1
̃

c  

0-20cm
20-40cm
40-60cm
60-100cm
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ѿ ̆ᵖ ל ѿ ̆ ̔ ̆

̆ Ҋ ₮ Ҋ ̕ל

⌠ ṿ̆ ҹ ̆

ⱴ ₮ ꜚ ⱴ  Ȃל

ῒ ԍ № ̔̂ 1̃ ԍ ғ ӎ ̆

̆ № № ҉ ̆ 0-100cm╩ ῤ

̂̕ 2̃ ԍ ԍ ̆

̆ ⱴ̆ №Ҋ ꜚⱬ

⁞ ץ ⱬҌ ̆ № Ҋץ ̂̕ 3̃

ⱴ̆ Ҋ 0-100cm╩ ῤ

Ҍ ̆ ҹ Ҋ ᵞ Ҍ̆

№ № ⌠ ᶏ̆ Ҋ

№ Ҍ ל Ҍѿ ȂҌ Ҋ ╩

ῤ № № Ȃ 

3.4.3 Ҳ █  

ҹԅ Ҭ ╩ ̆

ԍ 3-12̔   

 

 
      3- 12 Ғ Ґ 0- 100cm█ Ὺ ⅎ ⅎ  

0

5

10

15

20

25

30

1 2 3 4

/̂
%̃

a) 

0

5

10

15

20

25

3 4 5 6

/̂
%̃

b)  

0

5

10

15

20

25

30

35

5 6 7

/̂
%̃

c) 
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3-12 ╩ № ҹ Ȃ ҹ

ᵞ̆ № ғ ̆ №

ᵞȂ 

ԍ ץ ╩ № ̆

ҹ Ҋ ץ Ҋ Ȃ  

╩ № ᵝԍԋ ӊ ̆ ҹ Ҋ

╩̆ ῤ₮ ̆ № № ̆

ᵖῒ ԍ ̆ ῒ №

Ȃᵖ ⱴ̆ № Ҍѿ ̆ΐᵣ

ҹ̔ 1 4 ῤ ꜚ⁞ ל 4̆ 4̆

₮ ꜚ҉ Ȃל ҹ №№

ѿ ̆Ӟ ∆ ̆ ԍ Ҋ ̆

№ № ᵣ ₮ѿ Ȃ ⱴ̆

ԍҺ ᵝ̆ ⁞ Ȃ     

ҹԅ Ҭ 3 №

ⱴ ̆ל ԍ 3-13̔  

 

 

3- 13Ғ Ҳ ꜘ   1 

Ҭ 3 №

ⱴ ₮ ꜚҊ Ȃל Έ ̆ ῒᵩ №

ҹᵝԍ 10%~100% Ҭ Ȃ Ҭ̆ №

̆ ҹ №

0

30

60

90

120

150

0-20cm 20-40cm 40-60cm 60-100cm

/̂
%̃

ã

0

15

30

45

60

75

0-20cm 20-40cm 40-60cm 60-100cm

/̂
%̃

b̃

0

15

30

45

60

75

0-20cm 20-40cm 40-60cm 60-100cm

/̂
%̃

c̃
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ץ ̆ ̆ Һ Ҭ

̆Ӟᴪ ֟ ѿ ̆ 0-20cm

Ȃ ⱴ̆ № ץ

⁞ ̆ № Ȃ 

20~60cm╩ № ꜚ̆ ҹ

ҬҌ Ȃΐᵣ ҹ̔

20~60cm╩ ῤ ғ№ ̕ Ҋ

ṿ ₮ (60-100 cm) (40-60 cm), Ҋ

ṿ ₮ (20-40 cm) (40-60 cm)Ȃ 

3.4.4   

Ҭ̆0-40cm ╩ ץ №№

ֲ ῍ ᵬ ѿ ᵣ ̆ ѿ Ҭ ȁ ȁ

ԍ ᵌ ȁ Ҋ ȁ Ṝ ̆ ֲ

Ҭ ȁ ȁ ȁץ ῾ҙ ᵌ

’Ҋ̆ ҹ №№ Һ Ȃ 

ԍ ’̆ ⌠ ̆p

Ҭ № ᶭ ᵣ ₮Ҍ ̆

ԍ № ╩̆ ғ ̕

Ҋ ץ ̆ ̆ 0-100cm

╩ ῤ № ̕ ץ

̆ № ԍ ̆ № ᵞȂ ԍ

̆ № №Ҋ ̆ ⱴ̆

№ № №

ῤȂ  

Ҭ ╩̆ № № ῒ ᵣ

₮ῒ ╠ Ȃp ̆ ҬҌ ᵬ

Ҍ Ȃ ҹ ̆Ӟ ∆ ̆ ԍ

Ҋ ̆ № № ᵣץ ₮ѿ

̆ ̆ ⱴ̆ Һ ᵝ̆

Ȃ    

̆ ԍ ȁ ȁ ȁ῾

ᵬ ץ̆ Ҍ ̆ ᴪ Ҭ

№ № ֟ ѿ ̆ ֓ ԍ ѿ Ȃ 

ȁ № ץ № ̆
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Ҭ Ҍ Ҋ №№ № ̆

Ҋ̔ 

̂1̃ Ҭ 0-40cm ╩ 0-20cmȁ20-40 cmȁ40-60 cmȁ60-100 

cm № ҹ̔ ̆ ᵞ̆ ׃

ԍ ӊ ̆ ғ ⱴ̆ ₮ ꜚ҉

 Ȃל

̂2̃ ⱴ̆ ̆

⁞ ̆ Ҍ Ȃ 

̂3̃Ҍ Ҋ 0-100 cm╩ ῤ № ҹ̔

̆ Ҭ̆ Ȃ ғ ⱴ̆ 1

4 ῤ № ₮ ꜚ⁞ ל 4̆ ⌠ 4̆

ꜚ ⱴ ̕ל Ҭ №

ⱴ ₮ ꜚҊ  Ȃל
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4  ⅎⅎ  

4.1 Ғ ⅎ ⅎ   

№ ῏ ̂ שּׂ ̆2012̃̕

≠ ‗ Һ ᶭ Ȃ № ᵣ̂SPAC̃

῏ ̆ ’̆ ꜚȂ↔

שּׂ↔̂ ̆1992̃ ₮̆ҍ ⱬ ’ ̆ ’

Ṝ Ҭ ᵬ Ȃ № ң Ҍ Ҋ

№ № ץ № ῤ ꜚ ץ̆ ҹ ≠

ᶫ ᴇṿ Ȃ 

4. 1.1 Ғ Ὺ 0- 100 cm█ ⅎⅎ  

    ԍ ץ № ̆ └₮ Ҋ Ҍ

ῤ 0- 100cm╩ №№ 4- 1̔ 

 

4-1 Ғ Ὺ 0-100cm█ ⅎⅎ    

       4- 1 Ғ Ὺ 0- 100cm█ ⅎⅎ    1 

0 

5 

10 

15 

20 

25 

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

№
̂

̃
%

ã

0 

5 

10 

15 

20 

25 

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

№
̂

̃
%

b̃

0 

5 

10 

15 

20 

25 

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

№
̂

̃
%

c̃
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    4-1Һ ₮ 3 ῖ 0-100cm ╩ № ̆

7 ᴍץ ̆ῒᵩ ᴍ ᵣ ₮ ԍ ̕ ҹ

Ҋ ץ ̆ ץ ԍ

Ȃ 7 ᴍ̆ ̆ ̆ ̆ №

̆ ԍ Ȃ ғң Ҍ

ΐ̆ᵣ ҹ 4 7 ᴍ

̆ 5 6 ᴍ ṿ↕ Ȃ 

0

5

10

15

20

25

30

35

40

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

№
̂

̃
%

0-20cm
20-40cm
40-60cm
60-100cm 0

5

10

15

20

25

30

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

№
̂

̃
%

0-20cm
20-40cm
40-60cm
60-100cm

0

5

10

15

20

25

30

4 ᴍ5 ᴍ6 ᴍ7 ᴍ8 ᴍ

№
̂

̃
%

0-20cm
20-40cm
40-60cm
60-100cm

0

5

10

15

20

25

30

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

№
̂

̃
%

0-20cm
20-40cm
40-60cm
60-100cm
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4- 2Ғ Ὺ ⅎⅎ   

4-2Һ ᵣ ₮ 3 ῤ № № ̆

ΐᵣ ҹ №№ Ȃ

6 7 №₮ ṿ̆ ῤ

№ ꜚ ԍ Ȃ 

№ ̆ ṿ₮

ӞҌ Ȃ ҩ ῤ╩ № ̆p ῤ

№ Ȃ 

Ҍ҉ץ №№ ң

̆ ץ ԍ ̆ ԍ ȁ

ᵝ ȁ ȁ ȁ ץ ȁ ֲ

҉ ѿ ̆ ̆ ῒ № №

ῒ ѿ ᵣ Ȃ 

4. 1. 2ҩ Ғ █ ⅎ ⅎ  

ҹԅ№ ң Ҍ ╩ № ꜚ ̆ ₮ 4-3  ̔

0

5

10

15

20

25

4 ᴍ5 ᴍ 6 ᴍ7 ᴍ 8 ᴍ

№
̂

̃
%

0-20cm

20-40cm

40-60cm

60-100cm

0

5

10

15

20

25

30

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

№
̂

̃
%

0-20cm
20-40cm
40-60cm
60-100cm

0

9

18

27

36

45

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

̂
%̃

a ̃

0

5

10

15

20

25

30

35

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

̂
%̃

b̃



Ҍ № ĺץ Ҭ ҹᶛ 

42 
 

 

 4- 3 ҩ Ғ █ ⅎ ⅎ   

     4-3 ᵣ ₮ң Ҍ ╩ № №  ̆       

№ ԍ Ȃ

№ Έץ₮ ᴍ № Ȃל №

₮ ҉ Ȃל 7 ᴍ╩ №

̆ῒᵩ ᴍ ҹ ԍ 10% Ȃ 

4-3 ₮ῖ ╩ № ԍ ̆

╩ № ῤ ꜚ Ӟ ԍ

Ȃ Ӟ ᵣ 4-3 ᵣ №№ ̆

Һ ‗ Ȃ 

4. 1. 3   

ῤҌ №№ ̆

ץ ⌠ Ҋ ̔ 

̂1̃3 ῖ 0-100cm ╩ № ̆ 7 ᴍץ ̆

ῒ ᴍ ԍ ̕ ԍ

ץ ̆ 7 ᴍ ԍ № ץ ̆

№ ѿ № Ҋ Ȃ ̆ ῾ 7 ᴍ 2

̆ ԍ ̆p ̆ ⱴȂ

ғң Ҍ ΐ̆ᵣ ҹ 4 7

ᴍ ̆ 5 6 ᴍ ṿ↕ Ȃ 

̂2̃ ῤ № № ԍ ̆

№№ ѿ ԍ Ȃ ᵣ ₮

№ ⱴ̆ №Ҋ ⱬ Ҍ ̆ ⁞ Ȃ

ԍ ̆ № Ҍ Ȃ 

̂3̃ῖ ╩ № ԍ ̆

╩ № ῤ ꜚ Ӟ ԍ Ȃ

0

10

20

30

40

50

60

4 ᴍ 5 ᴍ 6 ᴍ 7 ᴍ 8 ᴍ

̂
%̃

c̃
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ѿ ԍ ῤ № № ғ

ԍ Ȃ 

4. 2 Ғ Ҳ ⅎⅎ  

ԍ Ҭ №№ ῀

ѿҩ Ȃ Ҍ ץ №

ץ ₮ Ҍ № ̆ Ҍ

׆̆ ҉ № ̆ ҹ №

Ȃ 

4.2.1 Ҳ 0- 100cm█ ⅎ  

ץ  Ҍ № ̆ └ 4-4̔ 

   

 
4- 4 Ҳ 0- 100cm█ ⅎ   

     4-4aȁ4-4bȁ4-4cȁ№≢ ץ ⱴ Ҭ

0-100cm╩ № ΐᵣ ҹ ̆

̆ ғ ⱴ

0

5

10

15

20

25

30

1 2 3 4

№
̂

̃
%

a)  

0

5
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15

20

25

30

3 4 5 6

№
̂

̃
%

b)  

0

5

10

15

20

25

30

5 6 7

№
̂

̃
%

c)   
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Ȃ ҹ ֽֽᶭ Ҋ ̆ Ҭ

№ ̆ ԍῒ ̆ №

ץ Ҋ № Ҋ ̆ 0-100cm╩ ῤ

Ҍ Ȃ Ҭ ץ ̆  

  Ҭ № ̆ ғҊ Ӟ Ȃ

Ҋ ԍ Ȃ 

4. 2. 2 Ҳ ⅎⅎ  

ҹԅ Ҭ╩ № ̆ └₮ 4-5  ̔

 

 

 
4- 5 Ҳ█ ⅎ   

     

4- 5 ₮ ҹ ̆ Ȃ

⌠ Ҍ ⱴ̆ ғ

ⱴ̆ ₮ ꜚ҉ ȂҌל ץ

№ΐᵣ ҹ̔ ̆

ⱴ ₮ ̆

0

5

10

15

20

25

30

35

1 2 3 4

№
̂

̃
%

ã

0-20cm

20-40cm

40-60cm

60-100cm

0

5

10

15

20

25

30

35

3 4 5 6

№
̂

̃
%

b̃

0-20cm
20-40cm
40-60cm
60-100cm

0

5

10

15

20

25

30

35

5 6 7

№
̂

̃
%

c̃

0-20cm

20-40cm

40-60cm

60-100cm



 4  №№  

45 

 

ԅ № ̆Ҭ ↕ ̆

ғ ⱴ̆ ₮  Ȃל
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5   ԓ HYDRUS- 1D ⅎ  

5.1 ב  

HYDRUS-1D Ҭ  (Crevoisier D,2008)USSalinity 

laboratory) └ ⱳ ԍ ҍ ׃ Ҭ №ȁ ȁ

ѿ ṿ Ȃ ҹ - ̆

ꜚ ̆ └ Richards ̆ -

(CED) ̆ Galerkin ᾝ Ȃ ץ

̆ ȁ ȁ ȁ

ȁ ץ Ȃ 

5.2.  

ȁ ≢ ̆ № Һ

№ ̆ ҹ ӊѿȂ ԍҬ ῍֣ ҉ 2013ȁ2014

ң ץ Ȃ Hydrus-1D

҉̆ ₮ ȁ ȁ ң Ҋ Ҍ

Ҋ №№ Ȃ  

Hydrus-1D Ҭ ῏ ̆

↕ ҍ ̆

ҍ Ȃ ȁ

ᾝ⅞№ȁ № Ȃ ῀ №

ȁ ȁ ȁ∆ Ҋ ᵝȁ∆ №№ ȁ∆ №

ȁ ȁ҉ ᴆ Ҋ ᴆȂ ∆ ̆

ṿҍ ṿ ̆ ῏ ̆

ң ᾟ№ ̆ ҹ ↕̆ ҹ Ȃ

῏ ץ № ̆ΐᵣ Ҋ҈ץ⌠ ̔ 

 

 

5- 1   ẅ 1 

    h1/cm h3(r2H)/cm    h3(r2L)/cm    h4/cm   r2H /cm.d
-1

   r2l/cm.d
-1

 

-1 -200 -800 -8000 0.5 0.1 

                      5-2   Hydrus ῏  

5- 2   Hydrus ῏  1 
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5- 2  HRDRUS- 1D ῗ  1 1 

    Ҋ ᵝ̂ m̃  ̂g. cm
- 3
̃ №   

 7.00 2.10 2.7 0.006 

 6.50 1.98 2.7 0.006 

 6.00 2.00 2.7 0.006 

 

  5- 3                                   

5- 3    1 

          Qr   Qs     ʰ   n Ks  L 

 0.095 0.41 0.019 1.31 6.24 0.5 

 0.067 0.45 0.02 1.41 10.8 0.5 

 0.065 0.41 0.075 1.89 106.1 0.5 

5.3 ⅎ ғ  

5.3.1 Hydrus - 1D  

Hydrus-1D ∆ ᴆҹ 2013 4 14 ̆ ∆ ᴆҹ 2014 

4 18 Ȃ ∆ ┴ ȁ ∆ Ҋ ᵝ

Ȃᶭ ῾ 2013 ∆ Ҋ ᵝҹ 6.5mȂ

2014 ∆ Ҋ ᵝҹ 7mȂ 

2014 HYDRUS-1D

Ȃ ҹ 4 18 ̆ᶭ 2014 ̆

5 ₮ ҹ 4 18 ̂ 19d̃ ȁ5  27 ̂  57d ȁ̃6  29 

̂  90d̃ 7 26 ̂ 117d̃ ȁ 8 24 ̂  146d Ȃ̃ 

ṿ ṿ № Ҋ̔ 
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                5- 1 ṿ ṿ №  1 

 5-1 ṿ ṿ № 1
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 5- 2 ẅ ẅ ⅎ  1 

5.3.2 ԓ Hydrus- 1D ⅎ  

HYDRUS-1D 5-1 5-2 ̔2014 Ҍ Ҋ

ῤ ╩ ṿҍ ṿ Ȃ ᶏ RRMSE

ᵀ Ȃ 

                 
1 2( )

1
RRSME

2

1

1

n
Y X
i iN i

n

i

i

Y
N

-ä
=

=

=

ä

            Ὲ (5-1̃ 

Ҭ, iYҹ ṿ̕Xi ҹ ṿ N̕ҹ ȂῒҬ R̆RMSEṿ ̆

ṿ Ȃ 

҉ 2014 ң Ҍ Ҋ ῤ 0-100cm╩ ῤ

ṿ ṿ RRMSE 5-4 ̆ ҹ Ҭ

№ ꜚ ̆ ṿ ṿ 20%̆ ῒ ṿ

ҍ ṿ ѿ ‰Ȃ  

 

5- 4  ẅғ ẅ  Ѓ ᵣЕ%Є 

 

  (cm)       

 

0-20 13.70  19.23  12.00  

20-40 14.78  20.54  12.38  

40-60 17.66  16.41  11.59  

60-100 17.68  15.56  13.80  

 

0-20 14.79  17.32  8.20  

20-40 12.69  26.07  7.61  

40-60 12.10  17.41  10.38  

60-100 17.32  20.05  6.45  
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̔ 20-40cm RRMSE ԍ 20% ̆

ῒ ṿ ṿ ԍ 20%̆

Ȃ ᵣ ₮ ȂҹҊѿ

ԅ ᴆ Ȃ 

5.4 ԓ HYDRUS- 1D    

5.4.1 Ғ Ґ ⅎ ⅎ   

ҹԅ ѿ № ̆ɰ ῾

Ȃ ҹ 12cm̕ ԍ №≢

҈ҩ ̆ ̔ №≢ҹ 8cmȁ16cmȁ20cm̆ ≠ HYDRUS- 1D

, ῃ ҉, , №ҍ ӊ ῏

, 5- 5ȁ5- 6ȁ5- ׆7̔ Ҭ ץ ₮,

⌠ Ҭ № ⁞ ץ̆ ҹ Ḡ ᶫ Ȃ 

                          5- 5  ⅎ  2 Ѓ ᵣЕ%Є 

   4 ᴍ 5 ᴍ   6 ᴍ   7 ᴍ 8 ᴍ 

 

ṿ 

̂12cm̃  

   0-20cm 5.41 12.37 5.97 12.38 16.26 

20-40cm 10.95 8.11 9.84 22.84 22.07 

40-60cm 11.2 9.41 7.29 27.31 20.83 

60-100cm 11.23 9.17 4.2 20.8 10.16 

 1 

̂10cm̃ 

   0-20cm 13.24 14.52 17.21 25.33 27.34 

20-40cm 10.22 10.43 10.34 24.69 24.53 

40-60cm 10.04 8.03 7.5 25.26 26.22 

60-100cm 11.12 9.21 4.76 21.41 11.44 

2 

̂14cm̃ 

   0-20cm 5.01 9.45 5.34 10.11 14.01 

20-40cm 11.22 9.02 8.01 21.55 20.01 

40-60cm 12.05 10.41 9.56 25.33 23.54 

60-100cm 11.84 11.23 15.01 23.22 13.44 

 

3 

̂16cm̃ 

 

   0-20cm 3.31 8.22 4.47 9.27 7.44 

20-40cm 8.02 8.78 7.22 17.45 11.82 

40-60cm 15.35 9.66 6.84 21.67 24.34 

60-100cm 17.88 13.65 8.44 26.53 16.33 

                          5-6 № 

                           5- 6 ⅎ  1 Ѓ ᵣЕ%Є 
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   4 ᴍ  5 ᴍ  6 ᴍ  7 ᴍ  8 ᴍ 

ṿ 

̂12cm̃  

 0-20cm 14.31  15.77  8.82  9.01  6.53  

20-40cm 12.12  14.00  10.92  13.25  4.85  

40-60cm 15.40  15.20  8.57  9.51  4.58  

60-100cm 10.77  11.81  10.61  5.18  3.03  

 1 

̂10cm̃ 

   0-20cm 16.01  18.45  11.03  11.22  8.32  

20-40cm 14.33  15.98  9.66  11.01  4.75  

40-60cm 11.22  13.78  11.57  10.21  4.60  

60-100cm 11.01  12.02  11.61  5.01  4.01  

2 

̂14cm̃ 

   0-20cm 11.22  13.01  6.21  7.45  5.21  

20-40cm 13.31  14.11  8.67  10.67  4.32  

40-60cm 16.43  16.44  10.21  12.77  5.19  

60-100cm 13.44  13.31  10.34  6.15  3.61  

 

3 

̂16cm̃ 

 

   0-20cm 10.76  11.23  5.54  6.21  4.27  

20-40cm 11.23  12.14  7.93  8.91  4.52  

40-60cm 13.34  15.31  10.32  11.33  5.43  

60-100cm 12.11  12.01  12.17  7.24  4.23  

 

                          5- 7   ⅎ  1  Ѓ ᵣЕ%Є 

       4 ᴍ  5 ᴍ  6 ᴍ  7 ᴍ   8 ᴍ 

 ṿ 

̂12cm̃  

 0-20cm 12.01  15.86  13.85  13.72  33.58  

20-40cm 11.14  19.97  13.21  11.01  31.65  

40-60cm 9.23  23.07  23.54  14.65  35.52  

60-100cm 8.56  22.38  19.90  11.90  37.01  

 1 

̂10cm̃ 

  0-20cm 16.33  17.45  15.51  16.04  36.08  

20-40cm 11.04  21.98  16.38  13.22  35.02  

40-60cm 7.96  21.43  18.43  13.89  34.05  

60-100cm 6.40  23.67  20.03  12.31  36.44  

  2 

 ̂14cm̃ 

 0-20cm 10.09  13.05  11.23  10.88  28.22  

20-40cm 11.33  17.44  11.22  12.01  39.11  

40-60cm 12.56  22.06  20.11  13.11  36.87  

60-100cm 11.22  25.01  25.62  12.85  38.91  

  3 

 ̂16cm̃ 

 0-20cm 8.02  10.44  9.22  8.12  28.98  

20-40cm 9.55  14.23  11.33  10.56  30.11  
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40-60cm 12.11  19.34  21.45  13.45  34.22  

60-100cm 13.04  22.81  20.22  12.55  35.18  

 

      
҈ ῖ Ҍ № № ΐᵣ ҹ̔ 

    ҹ 8cm ̆ № ⱴ Ҍ

№ ₮ ̆ל Һ ҹ ̆

№ ̆ ԍľ ȁ Ŀ ̆

№ ץ̆ ᵬ №

№ ҉ ꜚ ̆ ̆

Ҍ Ȃ 

ҹ 12cm ̆ № № ҹ̔

₮ ᵞ 40-100cm̕ל Ҍ ⱴ̕

ғ̆ ῤ № ꜚ Ȃ  

   ҹ 20cm ̆ № ⱴҌ

̆ ғ ̆ ῤ № ꜚ ̕

Һ ҹ ̆

Ҋ ⌠ԅ Ҭ Ȃ 

҈҉ץ ̔ Ҍ ̆

№ Ҍ ῃѿ ̆ᵖ 0̆-100cm╩ ῤ

ⱴ ₮ ꜚ⁞ Ȃל ̆ ᾛ ̆ ╠

Ҋ̆ ⱴ Ḇץ ץ Ȃ 

5.4.2 Ғ Ґ ⅎ ⅎ  

 ₮ ҹ 7.8cm ̆  

҈ҩ ̆ ̔ᵞԍ 5cm̆ ԍ 10cm 

15cm̆ ΐᵣ 5- 8ȁ5- 9ȁ5- 10 ̔ 
5- 8  ⅎ Ѓ ᵣЕ%Є 

      4 ᴍ  5 ᴍ  6 ᴍ 7 ᴍ   8 ᴍ 

ṿ 

̂7.8cm̃  

0-20cm 32.56 21.35 8.32 13.33 16.36  

20-40cm 27.71 23.04 10.81 15.97 22.84  

40-60cm 17.02 39.75 14.72 13.65 28.06  

60-100cm 20.74 36.32 12.13 11.04 21.16  

 

1 

̂5cm̃  

 0-20cm 39.56 35.35 17.43 18.33 17.65  

20-40cm 32.71 33.04 19.81 20.97 20.38  

40-60cm 22.02 40.75 18.55 18.65 25.44  
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 60-100cm 26.54 40.32 17.56 16.04 22.32  

2 

̂9cm̃  

 0-20cm 28.56 19.67 6.35 11.37 14.65  

20-40cm 26.81 21.74 11.26 13.66 20.43  

40-60cm 20.32 42.15 19.65 15.22 28.71  

60-100cm 22.34 38.19 15.21 13.48 23.82  

 

3 

̂12cm̃  

 0-20cm 23.68 15.93 6.32 8.44 13.21  

20-40cm 25.34 22.01 7.81 13.21 20.44  

40-60cm 15.45 28.45 9.72 16.32 23.55  

60-100cm 23.52 34.34 12.13 14.33 24.32  

                       5-9  №  

                         5- 9  ⅎ  1Ѓ ᵣЕ%Є 

       4 ᴍ    5 ᴍ    6 ᴍ    7 ᴍ   8 ᴍ 

ṿ 

̂7.8cm̃  

0-20cm 11.65  14.47  6.80  4.30  25.68  

20-40cm 11.10  9.58  7.67  5.40  17.41  

40-60cm 12.59  11.09  6.11  8.73  23.78  

60-100cm 13.25  13.67  5.48  6.95  21.82  

1 

̂5cm̃  

0-20cm 13.35  15.54  8.70  5.28  27.82  

20-40cm 12.26  12.87  8.34  5.80  15.01  

40-60cm 11.39  9.35  6.28  7.67  26.81  

60-100cm 11.50  12.01  5.75  7.43  24.18  

2 

̂9cm̃ 

 0-20cm 10.85  12.97  5.30  4.08  19.34  

20-40cm 12.24  10.37  6.47  4.80  12.61  

40-60cm 14.35  16.11  8.71  10.43  30.58  

60-100cm 14.01  13.97  6.18  7.95  27.92  

3 

̂12cm̃ 

0-20cm 8.75  10.67  4.40  4.08  21.57  

20-40cm 10.32  9.58  7.27  4.90  19.84  

40-60cm 14.92  11.09  9.31  10.05  26.48  

60-100cm 15.69  13.67  8.65  8.86  24.62  

 

                       5- 10  ⅎ  1  Ѓ ᵣЕ%Є 

 

     4 ᴍ   5 ᴍ   6 ᴍ   7 ᴍ  8 ᴍ 

ṿ 

̂7.8cm̃  

0-20cm 57.70  27.43  26.36  18.06  47.85  

20-40cm 65.34  32.01  34.73  22.91  45.16  
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40-60cm 55.75  27.17  32.15  18.84  34.96  

60-100cm 54.42  47.87  27.74  23.63  42.06  

 1 

̂5cm̃  

 0-20cm 59.80  30.33  29.46  21.86  50.57  

20-40cm 66.76  31.23  33.02  20.71  46.72  

40-60cm 54.50  24.25  30.65  16.92  31.66  

60-100cm 53.87  45.03  26.24  21.73  40.76  

  2 

̂9cm̃ 

 0-20cm 55.22  27.13  28.16  16.67  41.34  

20-40cm 64.43  30.12  32.23  20.37  40.76  

40-60cm 60.75  35.17  37.25  24.74  34.77  

60-100cm 56.62  45.87  28.45  24.55  41.66  

 3 

̂12cm̃ 

 0-20cm 52.50  20.43  20.66  12.06  38.55  

20-40cm 60.44  28.01  30.33  18.41  39.46  

40-60cm 67.75  37.17  42.45  27.44  42.76  

60-100cm 64.55  45.47  44.60  26.73  49.44  

 

̆ ⱴ 0- 100 cm╩ ᵞ

Ҍ̕ל №№ ΐᵣ ҹ̔ 

ҹ 5cm ̆ ̆ ғ

̆ ѿ ̕ ⱴ̆ ȁ

ԍҬ Ȃ ҹ 5cm ̆

Ҍ Ҭ̆ № Ӟ Ҍ ̆

№ №Ҋ ⌠ 100cm╩ Ҋ̆ 5cm Ҋ

№ṿ ғ Ȃ       

ⱴ⌠ 10cm ̆ ȁ ̆40- 100cm

̆ ῒ 40- 60cm ̆ ғ

Ȃ ԍ ╠ ̆ 0- 20cmȁ

20- 40cm № № Ҋ ᵬ ̆40- 60cmȁ60- 100cm

ᵬ Ȃ ̆ ῤ № ꜚ

ⱴ ₮ Ȃל ԍ Һ

̆ Ҭ ꜚ ԅ ӊ

̆ ⌠ Ҋ ᵝ ץꜚ №Ҋ Ҭ ⌠

Ȃ 

    ⱴ⌠ 15cm ̆ ⱴ̆

₮Ҍ ⱴ ̆ל ғ ̆0- 100cm╩

⁞ Ȃ Һ ҹ Ҍ ⱴ̆ №
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№ Ҍ Ҋ ̆ ғ № №Ҋ Ҭ ⱬ ̆

↕ ԅ Ȃ 

̔ Ҍ ң̆

ל ̆ 40- 60 cmҬ 60- 100 cm №

ל Ȃ ̆ Ҍ Ҭ̆ №ṿ

Ȃp ̆ ҈ Ҭ ῤ №

ꜚ ᵞԍ ꜚ ̆ ғ ῤ

№ ԍ Ȃ 

№ ҈ Ҍ Ҋ ȁ № №

Ҍ ⱴ̆ ⌠ѿ ̆ ῤ

№ ᴪ №Ҋ Ҍ Ҋ ̆ ԅ Ҭ № ̆ Ҭ

№ᴪ ᵬ Ҍ ⁞ ̆ ⌠ѿ

ᵬ ̆ ֞ ̆

Ҋ̆ ѿ ̆ ѿ

№ ῀ ̆ ᴪ ץ ֟ ̆

ғ └ ̆ ⌠ ⱬ

Ȃ
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6     

Һ ᶭ ῤץ ∆ ң Ҍ

№ȁ № ȁ№ ̆ ң Ҍ

№ ̆ ₮ Ҭ ץ Ȃ 

6.1    

̂1̃ ῤ ѿ̆ ҹԅ Ḡ № └ Ҍ

ῤ̆ ⱴ Ȃ ⁞

№ ṿ₮ ̕ ѿ ̆ Һ Һ Ҭ 0- 30cm

̆ ∆ ῒ № ᵬ ץ Ḡ

Ȃᵖ Ҭ ̆ Ҍ ⱴ̆

ⱴ ⁞ץ̆ ȁ ᵬ

№̆ Ḡ Ȃ 

̆ ԍ ῤ ץ ꜚ

̆ ῤ № № ⌠

ץ ῤ Ṝ ̆ ץ ̆

ῤ № Ҭ№ Ȃ 

̂2̃ 8 ᴍ̆ № ⱴ ⁞ ̆

Һ Ҭ 20- 60 cm Ȃ ̆ ץ ⌠ῒ ṿ̆

Ҭ ԍ Ṝ Ῥ̆ⱴ҉ ᵬ

̆ № № ⌠ Ҭ҉

Ȃҹԅ ⱴ Ȃ 

̂3̃ᶭ Ҭ №№ ̔ ̆

ᵞ̆ ԍ׃ ӊ ̆ ғ ⱴ̆

₮ ꜚ҉ Ȃל ⱴ̆ Ҍ

Ȃ ԍ Ả ̆

№ № ץ ҹ ῤ ᵬ ̆

֓ ҉ ץ ῤ № № ҹ̆ ῤ

№ № ̆ ᶫѿ Ȃ 

̂4̃ ∆ № № ̔ ∆ ⱴ

ῒ ∆ ץ̆ Ḡ Ȃ4 ∆̆

ң Ҍ Ҋ № № ̆ ғ̆ ң Ҍ
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̆ ץ ҹ ∆ ̆

̆ ᾢ ̆ Ῥ Ȃ 8 ᴍ

Ả ̆ Ҍ ̆ ̆ ȁ

№ Ȃ 

   ̂5̃ ԅ ῤ № № ҹ̔7 ᴍ

ᵞԍ ̆ ҹ № № № № ̆ ̆ץ

̆ ̆ ̆ҹԅ⁞

̆ ⱴ Ȃ 

№№ ̆ Һ̆

№ № ץ ̆ ᶭ № № ̕

Ҍ № ̆ ȁ ץ Ȃ  

6.2  

  ̂1̃ ῤ̆ѿ ҹԅ Ḡ № └

ῤ̆ ⱴ ̆ № № ̕

ѿ ̆  6 7 ∆ №₮ ῤ ṿ

ⱴ Ȃ ԍ №Һ Ҭ 20- 60cm ̕

∆ ̆ Ҭ ̆ Ҍ ̆

ᴪ ⌠ Ȃ ̆ ῤ̆

ԍ ̆ ҹԅ №

̆ ⱴ Ȃ 

̂2 Ả̃ №Һ Ҭ 0- 40cm ̆

̆ ̆ ⱴ ̆ ̆

̆ Ҍ № ̆ №

№ ̕ ҹ 0- 40 cm ╩ ῤ̆ № ᵞԍ Ȃ

̆ Ả ̆ ⱴ ḱ ̆ ᵞ

ѿᴆ Ԋ ̕Ả ̆ № № ̆

ῤ № ᵬ ȂẢ ̆

ȁ ̆ ̆ ԍ

№Ҭ Һ ̆ ῤ №№ ̆

Һ̆ № № №

№ ̆ ᵞ 8 ᴍ № Ȃ 
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6.3 ɻ  

̆ ԍ Ҍ ̆ ץ Ҍ ̆

ץ Ȃ ╠ ץ

ץ̆ ⌠ Ȃ ∆ ԍ ̆

̆ ̆ ץ

Ȃ Ҭ ̆ ̆ ̆

ץ Ȃ ῀ Ȃ ̆

ԍ ̆ ̆ ̆ Ҍ №̆

̆ № ל Ȃ ̆ ץ

ҹҺ Ȃ 

ץ     Ҍ ң ̆ ᶭץ

’ ᴨ Ȃ 

̆ ԅ ԍң Ҍ № ̆ ԍ

ҩ Һ Ҋ₃ҩץ ̔ 

≠ ̂ ȁ ȁ ȁ ȁ ̃̕

῾ҙ ̂ ȁ ᵬȁ ȁ ȁ ȁ ᵬȁ ̃̕

̂ ȁ ȁ ̃̕ ̂

̆ ȁ ȁ֒ Ȃ̃ ҩ , ԍ ѿ ѿ

ᴆ̆ └ ̆ Ȃ  

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.baike.com/sowiki/%E7%89%A7%E8%8D%89?prd=content_doc_search
http://www.baike.com/sowiki/%E6%A4%8D%E6%A0%91%E9%80%A0%E6%9E%97?prd=content_doc_search
http://www.baike.com/sowiki/%E7%9F%B3%E8%86%8F?prd=content_doc_search
http://www.baike.com/sowiki/%E7%A3%B7%E7%9F%B3%E8%86%8F?prd=content_doc_search
http://www.baike.com/sowiki/%E4%BA%9A%E7%A1%AB%E9%85%B8%E9%92%99?prd=content_doc_search
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7   ғ  

7.1  Ӏ   

    ԍ №̆ ԅ ῤץ Ҍ

Ҭ ȁ №ȁ № № ̆ ԍ

Hydrus-1D ԅң Ҍ Ҋ № № Ȃ

⌠ Һ Ҋ̔ 

̂1̃ ȁ № № ̔ 

1̃ ῤ ȁ № №                                                                                                                                                                                                                                                                                                                                                                                                                  

ᴍ 0-100 cm╩ ץ 0-20 cmȁ20-40 cmȁ40-60 cmȁ60-100 

cm №ṿ ԍ ̕ ῤ № ṿ₮

ҹ 5 ᴍ 6 ᴍ̆ №ṿ₮ ↕ҹ 6 ᴍ 7

ᴍ̕ ῤ №ṿҺ Ҭ 40-100 cm ̆

№↕ Ҭ 20-60 cm ̕ ῤ № ԍ

№ Ȃ ῤ №

ꜚ ԍ № ꜚ Ȃ 

2̃ ȁ ∆ №№  

∆ 0̆-100 cm╩ ῤ № ԍ

̆ 0-100 cm╩ ῤ̆ 4ȁ8 ᴍ ṿ ԍ

̕ ⱴ̆ № ꜚ ⱴ ̆ל

№ ₮ ꜚ ⱴ Ȃל ғ ╩ ҉

№№ Ả̕ 8 ȁ ץ

№ ⱴ ԍѿ ̕ ∆ 4 ∆̆ ԍ ⌠

ң № ≢ Ҍ ̕ 8 Ả ̆ ȁ

Ҋ ≢ ̆ ғ ⱴ Ҍ̆

⁞ Ȃ   

3̃8 ᴍẢ № №  

0-40cm╩ Ҍ CO32- ̆

ᵞԍ Ȃ0-40 cm╩ ῤ ṿᵞԍ ̆ғ

ȁ № ̕ ȁ ᵞԍ

Ȃ ⱴ, ₮Ҍ ל

Һ Ҭ 20-60 cm ̆ Һ Ҭ ̕

╩ ῤ Ҭ CO32- HCO32- ҹ ̆ Ҭ Ca2+ K+
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Ȃ  0-100 cm╩ ῤ № CO32- ҹ

̆ῒᵩ ҹҬ Ȃ 0-100 cm╩ ῤ №

ꜚ ԍ Ȃ 

4̃Ҍ Ҭ № №  

Ҭ ҩ╩ ץ № ҹ̔

̆ ᵞ̆ ԍ׃ ӊ ̆ ғ

ⱴ̆ ₮ ꜚ҉ ̕ל ⱴ̆

̆ ⁞ ╩̕ ῤ №

ҹ̔ ̆ Ҭ̆ Ȃ ғ

ⱴ̆ 1 4 ῤ № ₮ ꜚ⁞ 4̆ל ⌠

̆4 ꜚ ⱴ ̕ל Ҭ №

ⱴ ₮ ꜚҊ  Ȃל

̂2̃ №№  

1̃ ῤ № №  

҈ ῖ ╩ № ̆ 7 ᴍץ ῒ̆ ᴍ

ԍ ̕ ╩ № ԍ ̆

ῤ ╩ № ꜚ ԍ

Ȃ 

2̃Ҍ Ҭ № №  

ץ ⱴ Ҭ 0-100 cm╩ № ΐ

ᵣ ҹ ̆ ̆

ⱴ Ȃ 

̂3̃ ԍ Hydrus- 1D №  

Hydrus- 1D ȁ ȁ ₮ Ҍ

№ № Ȃ ԍ №≢ ԅ 8cmȁ16cmȁ20cm̆

5 cmȁ10 cmȁ20 cm҈ Ҋ № № Ȃ 

Ҍ ң̆

ל ̆ 40- 60 cmҬ 60- 100 cm № ל

Ȃ ̆ Ҍ Ҭ̆ №ṿ

Ȃp ̆ ҈ Ҭ ῤ № ꜚ

ᵞԍ ꜚ ̆ ғ ῤ №

ԍ Ȃ 
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7. 2 Ғ  

    ᶭ № Һ̆ ԍ Excelץ SPSS

№ ᴆ̆Һ № ԅ ῤ ȁ 0-100 cm ╩ ץ

0-20 cmȁ20-40 cmȁ40-60 cmȁ60-100 cm №ȁ № №

ץ̆ Ҍ Ҭ ȁ ȁ ץ Ҍ

Ҭ №ȁ № № ̕ ҉

ԍHydrus-1D ң Ҍ Ҋ №№

Ȃ҉ץ ῖ └ └ ץ

ᶫԅ Ȃ 

   ̆ ԍ ץ ץ̆ ֲ

ȁ ⱬȁ ̆ ҬӞ ѿ Ҍ ȂҺ ̔ 

 ̂1̃ ̔ 

ѿ ̆ ԍ ԍ ̆Ҍ ̆ └

Ȃ 2000 ץ ̆ 2013

Ҍ ̆ ΐץ ף ᵬ ̆ ץ ⌠

3 ̕ ғ ҉№ Ȃ ̆ ץ

Ҭ̆Ҍ Ȃ ѿ ԍ Hydrus-1D ҬҊ

ᴆ Ҋ ᵝ Ȃ ғ Ҍ Ҋ ᵝ

Ҍ Ȃ    

̂2̃ ̔ 

Ҍ №ȁ № ȁ№ Һ Excelȁ

SPSSץ № ̆

ѿȂ 

̆ Ҭ Һ Ҍ ̆ ץ ⱴ Ҋץ ̔

3 №  ̆ ⌠ ң

ᵌ Ҋ̆ ѿ ⁞ ῒ ̕

ᶏ Ҍ Ҋ ᴆץ ̆ Ҋ

ᴆ ̕ ғⱴ Ȃ 
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̂1̃ ľ ҬҊ

ῒ Ŀ 

̂2̃ ľ

ĺץ ҹᶛĿ 
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̂2̃ ̆Ῠ ̆↔ .Ҍ Ҋ № №

ĺץ Ҭ ҹᶛ[J]. ̂ ̃ 

̂3̃ ̆Ῠ ̆↔ . Ҍ Ҭ №№

ĺץ Ҭ ҹᶛ[J] ̂ ̃ 

̂4  ̃Ῠ ̆ ̆↔ . Ҭ

[J]. 2015:34̂ 11̃ ̂ ̃ 

  ̂5̃ ̆Ῠ ̆↔ .Ҍ Ҋ ∆

№№ ĺץ Ҭ ҹᶛ[J] ҍ ̂ ḱҬ  ̃


