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Soil Nutrients, Enzyme Activities and Ecological Stoichiometric
Characteristics in Degraded Alpine Grasslands
LI Haiyun, ZHANG Jiangui, YAO Tuo, YANG Xiaomei,
GAO Yamin, LI Changning, LI Qi, FENG Ying

(Key Laboratory of Grassland Ecosystem , Ministry of Education ,
Pratacultural College » Gansu Agricultural University » Lanzhou 730070)
Abstract: In order to explore the changing law of soil properties in different degraded alpine meadows, we
measured and analyzed the soil nutrient content and ecological stoichiometric characteristics of different de-
graded alpine meadows (mild degraded grassland, moderate degraded grassland and severe degraded grass-
land) located in Kangle, Huangcheng and Tianzhu experimental plots in the Qilian Mountains. The results
showed that: (1) The soil pH, electrical conductivity, water content and organic matter content decreased
with the increasing of soil depth. In the 0—20 cm soil layer, the soil pH showed an upward trend, and the e-
lectrical conductivity increased first and then decreased. In the 20—40 cm soil layer, the soil pH increased
first and then decreased, while the electrical conductivity showed the opposite trend. Soil waters and organic
matters in 0—20 and 20—40 cm soil layers decreased gradually as the degree of degradation intensifying. (2)
The contents of organic carbon, total nitrogen, total phosphorus and total potassium in different grassland
soil decreased gradually with the increasing of degradation degree and soil depth, and the differences among
plots were significant (p <C 0. 05). (3) In different soil layers of different degraded grasslands, the variation
range of C/N was 19. 10 to 40. 48, the change range of C/P was from 87. 85 to 121. 97 and the range of N/P
changed from 4. 10 to 6. 76. (4) As the intensifying of grassland degradation degree, the soil cellulase activi-
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ty increased first and then decreased, urease and neutral phosphorus acid enzyme, dehydrogenase, invertase

and oxidoreductase showed a decreasing trend. (5) The results of correlation analysis between soil physico-

chemical, enzyme activity and ecological stoichiometric ratio and principal component analysis showed that

the soil physicochemical index, enzyme activity and ecological stoichiometric ratio could reflect the soil quali-

ty of different degraded grasslands. In conclusion, the soil of degraded alpine grassland had deteriorated

gradually in Qilian Mountains. The rational utilization and scientific management of grassland in this area

should be strengthened.

Keywords: Qilian Mountains; grassland degradation; soil nutrient; ecological stoichiometric ratio; soil en-

zyme activity
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F 1 EMERER

. - o 4/ iﬁfi ﬂﬁti@i/ jﬁ%ﬁi #E?&%?/ H#

m wE (gem™?) B/ em (n*m %) Wi
LDGI  99°52'20" E,38°48'16" N 2940  0.78%0.01  564.45+23,14  29.94+0.30 67.67220.05 0.58%0.07
e MDG1  99°52'18" E,38°47'44" N 3013 0.6640.23  220.17+19.20 21.62+1.10 106.57+15.63  0.58+0.07
B SDG1  99°52'15" E,38°47'54" N 2955  0.384+0.15  181.40+5.50  12.3940.88 65.21£0.35  0.6340.04
. LDG2 101°32'01" E,37°53'60" N 2960  0.7740.01  492.09£32.70  53.92+1.40 148.99£0.70  0.58+0.56
’Z"ﬁg MDG2 101°32'03" E,37°53/35" N 3100 0.60+0.15  247.96+14.80 16.27+0.22 87.89+4.22  0.76+0.27
S5 SDG2  101°48'45" E,37°54'47" N 2963 0.3640.01  218.05445.31  12.9340.19 83.19+11.89  0.5740.03
‘ LDG3 102°47'05" E.37°11'51" N 2900 0.76+0.01  470.63+29.52 18.63+1.92 340.78+41.01  0.82+0. 06
fig MDG3  102°47'05" E,37°11'51" N 2900 0.5240.27  253.41£29.52  18.104:0.21 309.90£78.30  0.9540.05
maws SDG3  102°47'05" E,37°11'51" N 2900 0.3240.20  133.79+8.87 3.8740.08 120.67+£14.02  0.63+0.04

2 gR50Mr
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FEBFEI K LDG1>MDG1 >SDG] ; 75 & 3 ik 56 4
FEHL 0—20,20—40 em -3, + 1 pH 2 5 £ 8 A

MDG2>SDG2>1LDG2 Hl SDG2>MDG2>1.DG2, 4 5
H SRR, SDG2>MDG2>1DG2, 4 3 5 7K 5 il
HHURHZFEM KN LDG2>MDG2>SDG2; KWLt 5 5 4%
R 148 pH Fie F R EH o MDG3>>SDG3 > LDG3,
TS KEMA PRI LDG3™>MDG3>SDG3,
MR TR, bt o b AR AL R B A9 I 78 0—40 em
FE i S KR R BT A W A AR 0—20
em 2, +3E pH 2 TS S B SR 2L
ThE G AR a7 20—40 em 297, +4 pH 23 H
FETH R ARG S f R R L e IS TR

x2 AEABRUEMTIEpH.GXKE BERMENRTLISE

e pH HSHE/ (S em™) HkE/ % AR/ (g kg )

0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm
LDGl  8.18%0.12ab 7.97+£0.08ab 238.6742.52bed  182.00£2.00ab 32,81+1.01be  26.44%£0.67a 125.5749.26a 87,1944, 59abed
MDG1 8.2240.14ab 8.12£0.02a  702.33428.38a 155,676, 66abed  27.204+1.09de  23.95+1.55ab 43.89+2.31b  26.55+0.7le
SDG1  8.57+0.41a  8.174+0.04a  370.00%16.82b 145,006, 08cd 20,19+1. 191 15,4540, 24cd 31.70+0.89b  24.82+2.00e
LDG2 7.20%0.06c 6.88+0.09c  136.67£3.79d 108.67+7.51e 33.68+1.32b 22.32+0.38ab  126.32410.64a 73.48%4, 43bed
MDG2 8.2840.04ab 8.03£0.14a  156.33%+17.39cd  134.6747.37de 29.934+0.43cd  16.42£0. 42¢ 44,58+3.27h  29.61+2.69
SDG2  8.13£0.02ab 8.0840.08a  307.33£17.01bed 136,002, 65de 17.1040. 4of 8.1740.69¢ 33.86+1.19b  19.19+0.90e
LDG3  8.06%0.07b  7.86+0.76ab 187.67£8.62bed  176.00+£4. 36abc 37.7440.85a 20,2740, T4be 140.38+4.62a 116.67+2.78a
MDG3  8.1740.07ab 7.92+0.12ab  216.6745.03bed  162.33+1, 15abed 24,080, 44e 10.8640.43de  123.48+5.69a 1084443, 70ab
SDG3  8.13£0.01ab 7.8240.05ab 203.33£8.39bed  186.33+4.04a 13,000, 28¢ 10.22£0. 62e¢ 115.2045.58a 94,3248, 18abc
LDG  7.81£0.47b  7.57£0.53b  187.67%44,d4bed 155,56 £35, 5dabed 34, 74+2.46ab  23.01£2.77ab  130.76+10.36a 92.45+19. 43abc
MDG  8.2240.09ab 8.03£0.13a  358.444259.78bc  150.89£13.47hed  27.07£2.61de  17.08%5. 75¢ 70.65139.78b 54, 87+40. 27cde
SDG  8.28+0.30ab 8.0240.16a  293.56+74,00bed  155.78+23.57abed 16,7643, 19f 11. 2843, 29de 60,26+41,32h 46.48+38.00de

TE 3R PR S 2 (AR DR 22 s R R TRl /NG T REROR(E 0. 05 KF L2 3. TR,

2.2 TEHEEFSTUHIE

FH% 3 AT FE AN [l R AL 7R i B b+ s v, I8
k. 2R . 2WMEa2 S EYEE L REKREW
BT . HoA R M) 2% R B 3 (p<<0. 05) . fE 0—
20,20—40 em L2, HEEA PR 2R 2B SRS
SRR A IR TR O I 2 R AR . E R AR A
0—20 em +JZ 1, MDG1 1 SDG1 # Hs i) + 34T HLEK |
AR A S E AR T LDGL b, 43 51 B A%
286%0,182%, 144%, 128 % H1 396 %, 253%, 203%.,

129% . 78 20—40 cm + 2 H. 2 5 B K 328%.,
187% ,164%,125% F1 351 % ,307%.277% ,118% ;
1 SR I 5 020 em 42 )2, MDG2 il SDG2 #
W ALK, 2R Elmmem s R T
LDG2 ke, 43 3 AR 283 % ,239 %, 328 % ,126 % Al
373%,379%,423% ,155% - 1F 20—40 cm )2 .43
BIREAL 248%0,216%.12%.102% 1 383%.291%.,
138%, 126 % ; 78 K AL ik 56 & 0—20 cm + 2 1,
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MDG3 Fl SDG3 1 + A HLKk . 2 %A 204
B M BT LDG3 b, 43 HIREAR 114 %, 163 %,
210%,041% F122%,315%,261%,132% , £ 20—
40 em 2, 4R BIEAR 108%.,169% ,138%,109%
M1 124%,502%,181%,130% . Wik H . %5 1B 1k
FRREERU IR, & A b A HLa 2 A 2. 2 E

B FE MK LDG>MDG >SDG; f£ 0—20 em + 2
1, MDG 1 SDG # #h i + HE A Pl . 4 A . 4 W A
SRS EHET LDG B, 2 JIFEA% 185%.189%,
224%,122% F1 217%,305%,294%,139% ; fE 20—
40 em + 2, 2 HIFEAR 168%0,184%,138%,112%
H1200%,356% .182%,124%

£33 TRBHLEMTEANKRMEERSTHEHE Hf-g/ke
- A Bk 2R L gl
0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm
LDGl  72.84+£5.37a 50.57£2. 66abed 4,1240.35a  3.04%0.06a 0.65+0.04c  0.3610.,03hc 5.3840.11b 2.7140, 11a
MDGI  25.46+1.34b 15.40%0.41e 2.2640.10b  1.63£0.05b 0.45+0,04cd  0.2240.02f 4,21£0.17¢f 2,160, 21cdef
SDG1  18.3940.52b 14.40%1. 16e 1.6340.10c  0.99£0.13cd 0.32£0.01d  0,13£0.02¢g 4,1740. 32¢f 2.3010. 12bed
LDG2  73.2746,17a 42.62+2,57hed 3,7540.16a  1.92£0.08b 1.31£0.16a  0.36+0. 20bc 6.0840. 10a 2.4340. 29abc
MDG2  25.86+1.89b 17.18%1.56e 1.5740.02c  0.89+£0.08d 0.40£0.02d  0.3040.02cde 4.814£0.31ed  2.3940. 24abc
SDG2  19.6440.69b 11,1340, 52 0.99£0.03d  0.6640.02d 0.31£0.02d  0,26%0, 02ef 3.9240.29f 1,930, 15¢f
LDG3  81.43+2.68a 67.67*1.6la 4,09%0.26a  3.0640.07a 0.86+0.04b  0.4740.03a 5.17£0.15bc  2.42+0.09abc
MDG3  71.62+3.30a 62.90%2. 15ab 2.51£0.10b  1.81£0.30b 0.41£0.03d  0.34£0.03bed 4.63+£0.12de  2.23+0.08bcde
SDG3  66.8243.24a 54, 71=x4, T5abe 1.30£0.03¢d  0.61£0.07d 0.3340.02d  0.2620,01def 3.9240. 40f 1. 8640, 03f
LDG  75.84%6.0la 53.62%11,27abc 3.99+0.29a  2.67£0.57a 0.94+0.31d  0.40£0. 06ab 5.55+0.43b 2.52+0.22ab
MDG  40.98423.07b 31.83423. 36cde 2.1140.43b  1.4540. 45bc 0.4240.03d  0.2940. 06cdef 4,5540.32de  2.26%0. 19bed
SDG  34.95423.97b 26.75+21. 16de 1.31£0.28¢d  0.75£0.19d 0.3240,02d  0.2240.07f 1.00%0. 32f 2,030, 23def
2.3 TEEHFHTUEE 12696, 1E 20—40 cm 4 J2 w43 5 B A 300,

HR 4 P A6 AN AR AL R B R 4 g, + 4
BRRFR A I WA )2 T A 1 i e 2D, A A i)
Z5R I E(p<<0.05), fE 0—20,20—40 cm + 2,
- R KR S R Y B A R AR R O T TR i 52 T
ik, 76 R I 4 0—20 em + 2 1, MDG1 #l
SDG1 ¥ Hb (1) 1 3 T 850 40 8 350 Bl A1 20 81 & = A
BT LDGLFE Hu, 2 5 B# AR 23300, 1822, 148% I
383%,183% ,168% .4F 20—40 cm + 2 1, 43 B P& A%
216%,184% ,151% H1 522% ,183 %, 155 % ; #F 5 ¥k
ﬁtg’%ﬁ 0—20 cm + 2, MDG2 F1 SDG2 £ Hb 11 4

1739%,107 % 0 430% ,176 %, 112 %% 5 75 R HL i B 5
0—20 ecm + 2, MDG3 F1 SDG3 ¥ Hb 19 4 18 3 %%
R SO A R S i AR AL T LDG3 b 43 0 R
ik 109% . 182% . 101% A1 125%.243%.109% . &
20—40 cm + R, S BIFEAL 115%,173% , 150 % I
136%,212%,188% . MRV E L 55K B IRATR 4L
I A AR+ AR H R Ry LDG >
MDG>SDG, 7E 0—20 cm + 2 1, MDG #I SDG #
M B 398 T A 2 S SO R AR S B AR A T LDG
FEH 5 B 174 % ,164 % ,120 % A1 220 % ,245% ,

il

SRR 0 RN KRR B R A AR T LDG2 R ML, 134%, £ 20—40 cm + 2, 43 0 B AR 173%,
ﬁj\%lj P& A% 294%, 142%, 110% 1 364 %, 330%, 176 % ,141 % 1 246 % ,193%,154 %,
®4 FRBLEHTIERYFS TUIEE HLf7 . mg/ kg
- HAA ML AL
0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm
LDG1 212.06+12.50a 162.32+2. 25a 27.96+1. 33be 12.45=£0.61bc 531.29410. 42a 378.22+2.96a
MDG1 91.1042. 80cd 75.26+3. 75¢cd 15.35+1. 11de 6.7610. 66e 359.17+8. 68bc 250. 67+4. 97bed
SDG1 55.42+3.87cd 31.09+£3.08d 15.2840. 38de 6.79%1. 29 317.10%2.47cd 243.38+2. 47bed
LDG2 187.11£6. 49a 144.94=+8. 67ab 37.05%2. 8% 12.57=£1. 94be 354, 02411, 97be 140.994£6. 0le
MDG?2 63.57+1.92cd 48, 24+2. 34cd 26.01+£1.62c 7.26%0. 46e 321.68+4. 65¢cd 132.15+5. 11e
SDG2 51.37+1.77d 33.724£0. 58cd 11.2240.52e 7.16%0. 14e 281.06+14.09d 126.29=+1. 94e
LDG3 216.63+5. 75a 184.89+6. 48a 29.3941.05bc 19.84+1.01a 365.75+7. 26bc 292.59+4.97b
MDG3 199, 1146. 63a 160. 2143, 15a 16. 1541, 00de 11.5040. 63bed 363.02£9. 85be 194. 9246. 58cde
SDG3 173.72410. 23ab 135. 65+3. 30ab 12.1040. 56e 9.3441.07cde 336.15+4. 98cd 156. 0444. 20de
LDG 205.27+15.73a 164.05+18. 20a 31.474+4.55b 14.9543. 84b 417.02+86. 30b 270.60+104. 12be
MDG 117.93462. 16bc 94, 57450. 68bc 19.17+5. 26d 8.51+£2. 31de 347.96420. 97bed 192. 58451. 58cde
SDG 93.50460. 44cd 66.82+51. 69cd 12.8641. 90e 7.76+1. 46e 311.43+25. 39cd 175. 24452, 77de
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2.4 TEWH A BUFITS ST

FH e 5 AT, 76 [ GR 0 72 B B b - 1 p, &0
B 0—20 em 22, £ C/N.C/P 1 N/P ¥{KF
20—40 cm +- 23, U] L AR S AL LU BE 2R
JEE P38 T 15 0, LA RR b R) 22 52 B 3 (p<C0.05),
fE 0—20 cm 2, B AR AN R Bk a0 50 08 £ 48 C/N
(11. 25 ~19. 83) Hy K iR 1k & B 09 Jn i iy 22 30 i 2
B AT e a5 R AL 0 A 1 1 C/N (19, 94 ~
51.57) ¥y bifi 7 1R 1k A2 B (1% in feil 17 28 45 o AR
5 C/P(57.69~112. 91) Fifi %5 1R A0 72 B (1% o ] 52 90 114
e REAR G T R A, B IR A K A 1 C/P(56. 06~
204, 41) B it 25 3R A0 AR B 1 ) 52 0 S e S AR

R R A 4 N/P (5. 12~6. 42) B & iR fk
R 2 P o0 R T 28 5 S ABORT R AL 1248 N/P (2. 90~
6. 15) ¥y b 5 1R 1b R B A i Ji 52 B o 5 T o T R AR
B AE 2040 em + )R, AR S A 3 C/N
(9.42~16.64) ,C/P(71. 20~139. 45) F1 N/P (7. 56 ~
8. 38) ¥ bifi 75 iR Ak A& B Y n Jel 52 B S BE AR S T
B B2 5 £ C/N(16. 98 ~22. 16) . C/P
(43.30~118.76) Fil N/P(2.55~5. 35) ¥J B 1B 1k T2
JEE P o Ja 11 3% 3457 A A1 s K B 6 0 - C/N(22. 11~
89. 88) Fll C/P(144. 66 ~207. 50) ¥4I % 1B 1k T2 B 1y
ke =  N/P (2. 32~6. 54) B IR AL R B2 By
JE 17T % T AR AL

£S5 TRBHEMTEESUZITETLRFE

C/N C/P N/P

3

0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm
LDG1 17.754+1.98bc  16.6440. 55bc 112.91410. 46bc ~ 139.45+11. 89abc 6.42+0.96a 8.38+0.68a
MDG1 11.25+0. 19¢ 9.4240. 10c 57.69+7.93c 71.20=£7. 56cde 5.12+0. 65abc 7.56+0. 79ab
SDG1 11. 2740. 64c 14.5841. 38bc 58.15+2. 80c 115. 11£25. 17bcde 5.1640. 23abc 7.86741. 28ab
LDG2 19.61+2.41bc  22.1641. 16bc 56.06+3.51c 118. 76 +11. 85bed 2.90+0.51e 5.35+0. 28bed
MDG2 16.44+1.39bc  19.5343. 21bc 63.98+3.03c 57.39+8.09de 3.90+£0. 20cde 2.96+0. 32de
SDG2 19.8340.89bc  16.98=+0. 44bc 62.85+5.52¢ 43.30+£2.71e 3.1740. 26de 2.55+0. 20de
LDG3 19.94+0.85bc  22.1140. 30bc 94.58+7.01c 144, 66+13. 05abc 4.76+0.52abed  6.54+0. 54abe
MDG3 28.6041.90b  35.30£7.21bc 175.24+5,84ab  184.28+21. 56ab 6.15+0.57ab 5.33+1. 23bed
SDG3 51.57+1.31a  89.88411.61a 204.41423.50a 207.50+22.67a 3.9640. 38cde 2.3240.31e
LDG 19.10+1.91bc  20. 304 2. 83bc 87.85+25.96c 134.29+15,93bc 4.69+1,64bcd  6.76+1. 40abc
MDG 18.76+7.80bc 21.42+11.75bc 98.97+£57.50c 104.29+61. 50cde 5.06+1. 07abc 5.28+2. 13bed
SDG 27.56+18.41b 40.48437.52b 108.47+73.00bc 121.97+73. 28bcd 4,1040.91cde 4.2542.79cde

2.5 LTEEEEEH

2% 6 AT, AN [ 1R b o 9 B Ml A SR il O P 2 5
A 0—20 cm & F 20—40 em + 2, I H A& FEHL 4
ST TSR 2 B 3 (p<<0.05), fE 0—20 cm + )2
Hh I e b R AR R A R B AR R A R 2 4E R il
TPk 5 5 T 8 I B e 35, DR il L v P R R I L
Tt RE 5 Tl 0 4 0 I il % A A 0 R I B 5 B O
TR A IR | b P R e I S R T R A Ak
I R PR 2 B ST T S R AR B £ 4 R M
SRR SE AR T s R AR A b B R L
ST R B 0 Tl I M S A B o Tl R i O
S TF v R B R S T R B S T R
ST Y R TG PR I SRR AR e e, R 2040
em 2 Bl R 8 R MR AR BEINE B SR R AT 1
A6 0K g 1% M 2 B SRR ARSI v A A v M 1 R il
PR T R A Il | B Bl R AL O D S T 2
R AIG AR 34, 2F 4 22 i O 1 2 B0 B 2 T v e BRI R B
S IR R T A SR T R R S L R
£F 2 3K I R AL Ab 0 R TR MR Y 2 IR SR T R S R AR

5 A 1 6y w5 U Rl R e T A O M 2
Je Tt I AR R B 0 S | R L 2T 4k 2R B A A A
I R P 3 S I SR BRI T R
2.6 TIEBEN EEESESKFITEIRMN PCA 45
XA 3% LA ) 1R Ak v 28 b - R R AL TS 1 A
AT i 4T PCA 08T, IF 45 & Pearson
MRRB I IER N FRIMMEE R, R T
AIHLAE 0—20 em )20, 565 1,2 F a5 545 5 STk 1
59. 126F0 15. 80 M f B it » Bt STlk ik 2 74. 9%, 7f
DA B e S PR A ) BEASAE B . Hirb, St TR A
K(p<<0.0DWAZKEESL N2 P2 K P,
A KRG B S BGRRE R R s 2 N 542 P4 KO
RN R PO KA DL A ALK DK B 0 S
4 P54 KR NGES PUA VLR A HLEK IR
o8 St R TR s 4> K S NGB PLaia KA
BLUT A LBk DK i B8 S0l 5 3 N 5 33 KA AL
5 A BB C/P IR B P B TR il L S A AR f R
Ji i s SR P 5 AL A AL DK Tt G S R R AR
fitg s A K 5 A LB A MLk N/P b v 1R i | 8
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% 32 %

WG s A WL 58 HLER LC/P IR L FP P R 1
il AN SR AL IR SR s A HLAR 5 C/P LR L b 5 1R
It Uil A R AR A 5L s C/N 5 C/P3 C/P 5 b PR R
it | AL D G 5 DK il 55 0 U R SR, AR
FHEHMK(p<<0. 0D MA pH 54 P 42 K A ;
ML SR 5 DL A LR S ki S C/N; 4
K 544 %0, 28 #F EMHK(p<<0.05 14 . pH
5 N/P; Sk 5HA NG VLR ALK & N Hp
PEWE IR G R ;2 K 5 rh Mg e il i N 5
BP.C/N ik P 5l Kop g s K 5
TRt s A AL A HUBR 5 C/N35 C/N 5 vk 5 1% ity L 48
b3 T I 5 B0 &0l 5 R L R R R . R
I (p<<0. 05) A . pH 54 N A N AL A
HUBK RERHRG ; S R 54 KA NL# P.C/N,
JOR it AR S s 2 4E R S A P N P
WA K. AHLE.A LR N/P; il EE S C/NLC/P;
N/P 5 AW, mE 1.5 8 al M, 7E 2040 cm +
R 1,2 ERU A STER T 64, 900 F 19. 9%
45 8 B TTR ol 84. 8%, Tl LU ke i - 4 3R
BREAGR A B EA X (p<<0. 0D B
LSRG KCAWLE A HLK.C/P: KRS 4

N4 K. 38 K.N/PURERERG ;& N 54 P4 K #
RN HEL PO KVEMLR A ML N/P; & P &5
AL NLEE R PLA AL A BB B A Ak I R
fitf s 4 K 53 KON/Ps s N 53 PO LT,
A HLEk (C/P A A Rl ; AL P 5 HL A LB
LR TR s A K 5 N/Ps A ML S A WLk .C/P,
AL s A LIRS C/PUEALE B/ &= N 5 C/
P LA ; C/P 55 MR | rbb: 0l 12 1 L 510 380 R il 5 N/
P 5 rpeb: R w5 DR I 55 bk 0 R S A S Tk
0 G s AT Yl 3RS R S U OC (p <<
0.0 A pH 5B A . FEWE R F 4 X B 5 =
RO N PLUA WL A LR C/PL A AL R R
fiti, S2EFEMLE(P<0. 05 WA pH S5 SR if
TR AL N A AL R AL R 5 4 NL.C/
N;#ag K 5330 N gl Pslisk P 5 C/Ps A HLIE .
A AL 5 AR C/N, 5 5 3 57 AH DG (p<<0. 05) 1)
A pH 54 PR N; o P05 2 i 5 00 20l 47 4 %
fitf 542 N 4 Poial K, 28 B br . KB4y + 3R 85
K8 AT 2 A 3 B4l b B A 0 TR - 4 A
PR 39 % 1) - S ER A | S P R b R Sk s L
B A AT AR 14 B e HE AN [ R b - 8 IR B

®6 TRIBAEM T EREETWEE

+ 2 - ik It / R G/ it S/ REME R/ SR/ SALIE 5/

W /cm (mgeg'ed) (mgeg'led?h) (mg+*mL™ ") (mgeg 'ed’) (mgeg'ed") (mgeg'ed?hH
LDG1 0.2040.01b 0.90+0.0lab  13.50%0.53defg  4.224+0.17ab 4.537%0. 20cde 2.6340. 08cde
MDG1 0.1440.01d 0.7440.01bc 5.7610. 18[g 3. 4470, 09abc 6.9340.58bcde  2.07=£0.07de
SDG1 0.15+0.01d 0.73%£0.02c 3.30%0.21g 1.70%£0. 15e 3.384+0. 23de 3.30%0. 31cde
LDG2 0.1540.01b 0.8040.03abc  24.59%0. 76a 3.67£0. 18a 9.60£0. 48e 4,2140. 34cde
MDG2 0.2140.01d 0.8540.08abc  45.14%1. 06bcd 4,4440. 22ab 2.7440. 34b 4,2740. 27cde
SDG2 0.1440.01d 0.5140.04d 9.8940. 88efg 2.287+0.03de 14.43%£0.12a 1.89+0. 21e

0z LDG3 0.27+0. 16a 0.83%0.06abc  27.45+2. 60bc 1.7540.02e 7.6840.08bed  11.63%£0.47a
MDG3 0.19%0. 01be 0.8440,07abc  21.4240.41bede  2.50%0.13cde 2,460, 2% 8.94+0. 23ab
SDG3 0.1340.39d 0.9540.03a 14,9440, 91cdefg  1.4840.08e 8.5340. 11bc 6.4240. 40bc
LDG 0.2340.03b 0.8640.06abc  28.70413.81h 3.47+1. 30abc 4.98+2. 17cde 6.18+4. 16bcd
MDG 0.16+0.03cd 0.794£0.06abc  17.25+8. 74bedef  3.20£0.55bed  6.33+3.15bcde  5.07£3. 05bcde
SDG 0.1440.02d 0.7340.19¢ 9. 3845, 10efg 1.8240. 37e 8.78+4.79bc 3.87%2.03cde
LDGI1 0.14+0.01ab 0.57£0.01a 2.39740. 24cde 1.1940. 12ab 3.104+0. 13cde 2.5540. 11cde
MDG1 0.1340.01bc 0.62%+0.02a 1.72£0. 17de 1. 03£0. 09abc 6.6810. 28a 1.897£0. 06de
SDG1 0.14+0.0labc  0.70£0. 04a 1.1540. 09e 0.12+0.01le 3.58+0.63bcde  1.4740. 06e
LDG2 0.0940.01ab 0.2540.01a 5.77%0. 06ab 0.6440. 05a 4.11%£0. 22ab 2.77£0. 31bed
MDG2 0.15+0.01cd 0.60+0.02b 6.1010. 32ab 1.3740. 15¢d 5.7040. 21bed 3.9140. 03cde
SDG2 0.0740.03d 0.1540.02b 4, 8740. 09abc 0. 9440. 05abc 6.5640.45a 1.08£0. 13e

2040 LDG3 0.0840.01d 0.4740.06a 6.05%0. 41ab 0.6140.02cd 2.40£0. 24de 7.10%0. 29a
MDG3 0.18+0.01a 0.64+0.03a 4,35%+0. 37abc 0.24+0.02de 1.80£0. 09e 4,08%+0. 06bcd
SDG3 0.1540.01ab 0.59940. 03a 6.74+0. 23a 0.7640.02bc 4,1140. 05bcd 4.9340.02b
LDG 0.1240.03bed  0.55+0.07a 4,85+1. 86abc 1.06+0.36abc  3.74+1,51bede  4.5242,03bc
MDG 0.13+0.04abc  0.50£0. 19a 3.95+1. 79bcd 0.64+0. 34cd 4.2042.12bcd 2.9140. 97bcde
SDG 0.1240. 04bcd 0.48+0. 26a 4, 2542, 47abced 0.61+0.37cd 4.75+1. 43abe 2.49+1. 84cde
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- cr O 0—20 cm - SDG3
SDG3 : _
° C/N}mim 20—40 cm
SDG2
MDG2 o
- o]
- _ SHEERE R HERM
® X LDG2
% 3 MDG3
BT T s~ | LT T T T T (S ) B IR P ey PP " PP RPN
It & H Pk C/P
&) 1 BEAE
& A o BB BETFE PH SDG1
|l LDG3 o
MDG1
o]
" . “ HRA 3 NP
1.5 1.5 1.5 1.5

PC1(59.1%)

PC1(64.9%)

Bl ARBUEMTEREEFENERD ST

3 wWiehgse

T b, A B O M AR AN R G Y A AR L FE A
SR NN THRT . R SR 1 53 fift 5 A B JSAH A
BEAb 8 A7 B S A5 A B 28 A0 R 4 198 5% o0k I B Ah R
BN T SE R . A 9T & PR L Bl 5 8 1L AR Y
I 38 S KR A AL A LR 4 R R TR )
PR TR pH 2B A &R R EEH . — &
IR b S L R T R RIS L A AR R D A
T 980 55 T b4 v 4 55 4 R AR 4 % i 0 4R
VEHT ;s R A AR 2R 3 B4 A A b 3% FE AR 3R Bk
AR B 1+ 8 550 0 DR B2 A P R s — R AR
Lt X KA D M Z 2R R R R Rk B8+
e pH I SR B W T m L ok AR T o T
RAR I L AS [R) 3B Ab PR B e 98 B ) + 4 5% 43 AR AL AR AR
F 5% 2 0 L 4B 4 00 A X - % A e 31 T O B A
B RS RGN S5 T BE i A 3 s Ak 5
Sy BT LB VR R 0 W | F
WA G, H e Al R 0 R BE 8 A ) L
FIH s -7 4 & f O Bl 251 £ 2 e - 1 o o T B
b feke B 175 0 o 2 R ) R M A R T

e &AL i (C/NLC/PLUN/P) 2 fif B
T R USRS AR RO T R B b
FRATHIRE ST . C/N AT LA A LS 7 o fff 2o A v
JE R A A 2 A Y R BRI C/N AR TF A
M Ak 35 0 B 38 I 38 C/N #E 25~30 LR
SR BE T . ARBFIE R B e b B RN R
B+ 58 C/N i [ 53 5 4 16, 64 ~ 22. 16,
9.42~35.30,11.27~89. 88, it B %% & 1B 1k B5 - 1
A LR B AL T E KOF B e A AL R

IRT RS AL THY b, 15 C/P ik
Jrefes B P R ke ) SR Aw, Al DL
T AP ARk PR I [ R PO D A
(1) C/P AF T3 A= ¥y 76 A BT 43 ik 3ot 72 v 19 5% 1
T, A A RO B S R A I R C/P
SEE Y 24, 45,25 AR N 1. 05~177. 695 AR W5
RIL BB v B R ER AR Ak -3 C/P Y[l 56. 06~
144. 96,57. 39~184. 28,43. 30 ~207. 50, iX 4 A K 1
A W TE A DL 53 iff 2o A v 1 5% 53 R TICSZ B 5 e 410 41
R R R 3G T R i B AR AE P2 R
N/ P AR W BR i A6 7 1 19 37 43 I F F6 5 . % N/P
<10 A1 N/P>20 E R ¥l g 24 7= 152 N i35 P
B A 8 A o AR ST T AR B o B N R R Ak +
N/P (7GR H 2. 90~6. 54,2, 96 ~7. 56,2, 32~7. 86,
B LG AT RS [R) 3R Ak 5l rh AR 00 A R ) R A2
N R B2 fEA YR A B S i 2R T £
B 7 A v RO R R 2 A 1 R bR B A A
N ATOER 4= AR

+ RS PR LA VP A B B AR Ak R 4
R IR AR AL B AR AR . A Y
Z 5 AP SR, —BE ST, AL
JOT 5 B o R O M R LS R AT DR A PR AR
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FI) 22 - D 1 52 e L 0 - A B ST R - S R i
FE TR - A Y AR Y s A WA
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W DR i v P 8 1R G S L R AR Ab 3 T T
I R AR B, T - MR AT 2 R WIS Mk SR T R
P, TE B IR K B K 5 8 rp R il TR R SR B
MDG>LDG>SDG, £ & Hh SDG Ff Hb 4 1



553

R 7 A AR AR € R M SR 0 B T R A A G AE TT RR AT 295

HLIBT Ao AR SR A /b 50 TR M R 9% 1 A X A s MIDG
LDG Fiih 1 32 3 2 BB T B2 0 bl BT R BE
Jot A HIL ST o A v SRR S MR AR . ARBESE
o b R T A 2R I P AR AL S AR AR G AT R A iR
WA 2 T R DRy e R A R - R R R
WA b i A 22 LIRSS AR T e vh R
S PR R B R DX R A A AT 52 1 3] 4 3 ol
Yoy h i IR IE M . AR R B A LT, E KA
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1 pH AL S5 3 5 5 S 2 A B 3 O S (p <<
0.01) 33X PR Ay S Ab FIAT HILJST A 0 e 12 ey L B il
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BL G H 32 K I S 1 im0y IR, R
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