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Abstract; Grassland desertification is one of the most serious environmental problems in China. However, many studies
examining changes in nitrogen characteristics during grassland desertification have focused on arid or semi-arid regions, and
few studies have considered semi—humid regions. In this study, the soil nitrogen content during the process of desertification
in a northwest Sichuan alpine area, a semi—humid region, was analyzed. Desertification had a significant impact on soil
nitrogen in the 0—100—cm soil layer, and total nitrogen, available nitrogen, NH;-N, NO;-N, and microbial biomass
nitrogen ( MBN) decrased significantly during the process of grassland desertification by 73.95%, 77.72%, 76.75% , 79.
77% , and 84.12% , respectively) . Total nitrogen, available nitrogen, NH;-N, NO;-N, and MBN decrased most strongly in
the 0-20—cm soil layer among all layers within 0—100 cm ( by 86.43%, 83.52%, 82.11%, 88.82%, and 91.77%
respectively. As the soil depth increased, both the content and degree of change during grassland desertification gradually

decreased. The extent of the decrase in soil nitrogen content varied during the progression of grassland desertification. During
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the early degradation stage, soil nitrogen decreased the most; the total nitrogen, available nitrogen, NH;-N, NO;-N and
MBN decrased 41.18% , 35.17% , 46.74% , 43.46% , and 46.88% , respectively. Based on these results, the changes in
soil nitrogen observed as the degree of desertification increased in semi-humid regions were similar to those observed in
previous studies for arid and semi-arid regions. Plants are important for the sequestration of soil nitrogen, not only because
they act as nitrogen sources, but also because they protect soil containing nitrogen from blowing away. A correlation analysis
showed that total nitrogen, available nitrogen, NH;-N, NO,-N and MBN were all significantly positively correlated with
community coverage (p < 0.01). In addition, total nitrogen, available nitrogen, NH;-N, NO;-N and MBN were all
significantly positively correlated with silt and clay, which have high nitrogen contents (p < 0.01). In contrast, coarse sand
lacking nitrogen was significantly negatively correlated with total nitrogen, available nitrogen, NH;-N, NO;-N and MBN (p
< 0.01). Based on these results, we inferred that soil nitrogen loss was caused by a gradual decrease in community coverage
during grassland desertification, and the loss of silt and clay via wind erosion. Consequently, efficient measures should be
taken to protect silt and clay from wind erosion, and to improve community coverage during the desertification of grassland.
In addition, potential grassland desertification, particularly during the early stage, should be managed using ecological

methods to avoid the negative effects of increasing grassland desertification.

Key Words: Northwestern Sichuan; Desertification grassland; Total nitrogen; NH;-N; NO;-N; MBN
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HeEEEL (Carex praeclara) , K ZZHE ( Carex muliensis) , V.24 ( Ajania tenuifolia)) %58 3 A 8% 20 & VAV &5 1L
B R VAR R S VR PR RO Kk R TR SR e B AR AR
1.2 IEREACRAE

I S SR AR AELL IR B U A A 2 AR T W BU Y S B BER AR T S IRAT AW e
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(HDG, Heavy-desertification grassland) F1#k & FE VDAL F L (SDG, Severe-desertification grassland) , 5 Fpyb b2
BRI P 3 AT AN SRR B — B RE A E Ry A, B AR N S 1 AN TR /N R Imx m AT
FHTHERAT SR A R0+ R R AR JFR I GPS /@ (i EJr &4 B AR B R AR5 B (3R 1) TRk FE 7 N 43 )
KA 0—20cm ,20—40cm ,40—60cm ,60—80cm F 80—100cm +IEFES , BRI KA R JHEWE ., +
BERE fh— B0 LR -4 CURAE N, T 5 A TAFE H IE MBN NH;-N Al NOS-N, 55 — &7 A F 2= A
T, 4305 100 HFFA 10 H G, frAr T8 BA8 N T T30k 2H A 4> ORI s U I E

F1 EMHEAERIERR

Table 1 Information of desertification grassland quadrat
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1 ESUZL £102°37'04.36” N33°10'55.23" 14K 3458m 4425 fiE ik 90% L) -, -2 5 i
2 E102°37'06.68" N33°10'54.74" {4k 3458m £ 25cm, W) Fh & F e |, 5 LUMLBG  RIZMETE L
3 E102°35'44.01” N33°15'41.59 ik 3458m 21—28 Fifi,
4 REEVME E102°37'06.44" N33°10'55.12" HHK 3458m SE428 BF % 60%—75 % : 475 o .
T s NI 12 T PRy 60% 75 % PIE o ma e s, R R R
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12 E102°3558.59” N33°11'10.14” 1§k 3459m 4 9—13 li,
13 WeE VML E102°37'10.36" N33°1053.47" {4k 3458m S48 BEL T 10% , 534975 B (L
14 £102°37'08.72" N33°10'49.82" 134, 3458m 4 Tem, ¥ Fp £ 5 A%, AU HIESEvb, £E T TEH
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95%. WO IPICHRR , 2R A b SRR 2 BT igs Change of species richness in different desertification
PARACARAE , Joh R BV R B R U AL i TP BETD grasslands
TR B s BE VAL B B | J BE Vb B B e v BE VD AR By
Bt WML B E VAL B BE I R R T 41.18% 33.16% \21.37% K11 15.74% , J5 2253 Wi 45 F 260, A TF]
FREE VDAL B 2 ] T 4 R o e 25 R B B K T (P<0.01) (32 3) ;76 HZHITE F,0—20em +E LA & &
Z WY ARSE f hy BH i, PR BRI B AR 86.43% , Horh AR BE VDAL B Bk /b i i £, 3K 0.51¢/kg, H B VML
AR EERG I, A Rk e B R AR A AR AR . BE R R R BRI, w b VD Ak - A R R e R
B ES ,80—100cm 1 )2 A& i T FR IR EE A 5 ik, 7y 49.04% .,
2.4 L YDA R T A R R AR AR

VP AL 3 0—100em T 2BH AR S TR T 7.72% . BEE U ALHEFE B 2 & 5 1 W b 1 A8 Ak
AR L R EE VDALY Be R VR B T BV ALY B R B VAR B R VDAL B P VALY B R
FE VAR B A o BE VDAL B BE A BIFEAR T 35.17% 33.20% 24.88% 1 31.53% ( P<0.01) (% 4) ;16 + )21 I,
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Table 2 Changes in soil particle size distribution in 0—100 cm depth with increasing degrees of grassland desertification

e Kbt R VL wEL W vk
TR/ em o . e - o
1 denth Non-desertification Light-desertification Medium-desertification ~ Heavy- desertification Severe-desertification
soil dep

grassland grassland grassland grassland grassland

VORI i Coarse sand (2—0.02mm, %)

0—20 74.78+6.85Dd 85.80+5.72 Ce 90.20+2.62 Bb 93.49+4.75 Aa 95.83+£2.37 A a
20—40 84.27+3.24 Be 90.60+2.99 Ab 93.57+4.17 Aab 95.47+1.36 Aa 96.40+4.20 Aa
40—60 90.44+3.56 Ac 93.40+5.22 Ab 94.80+2.25 Aa 95.77+2.27 Aa 96.47+2.23 Aa
60—80 92.67+0.89 Ab 94.56+2.45 Aa 95.29+1.82 Aa 96.01+3.36 Aa 96.52+1.75 Aa
80—100 94.12+3.07 Aa 94.72+1.43 Aa 95.68+0.97Aa 96.36+1.63 Aa 96.81+2.58 Aa
B Average 87.26+3.52 Ab 91.82+3.56 Aab 93.91+2.37 Aa 95.42+2.67 Aa 96.41+2.63 Aa
Wyki A Silt(0.02—0.002mm, %)

0—20 16.41x1.71Aa 8.66+0.81 Bb 5.10£1.95 Ce 3.04£0.60 Dd 2.0420.40 Dd
20—40 10.39+0.88Aa 5.93+1.40 Bb 3.73+0.53 Be 2.30+0.87 Be 1.77+0.47 Cd
40—60 5.11£1.42 Aa 2.90£0.74 Ab 2.40+1.03 Ab 2.03+1.25 Abe 1.63+0.23 Ac
60—80 4.72+1.02 Aa 3.24+0.48 Aab 2.26+0.65 Ab 2.06+0.61Ab 1.60+0.21 Ab
80—100 3.46+0.36 Aa 2.83+0.42 Aa 2.28+0.73 Aa 1.86+0.87 Aa 1.62+0.43 Aa
I Average 8.02+1.08 Aa 4.71£0.77 Ab 3.15+0.98 Ab 2.26+0.84 Abc 1.73£0.35 Ac
Hiki & Clay (<0.002mm, %)

0—20 8.81x1.32Aa 5.5420.71 Bb 4.7+1.66 Be 3.47£1.09 Cd 2.13+1.06 Cd
20—40 5.3420.67Aa 3.47+0.61 Bb 2.70+1.20 Che 2.23+1.00 Ce 1.83+0.29 Cc
40—60 4.45+0.92 Aa 3.70£0.60 Ab 2.80+0.64 Ac 2.20+0.35 Acd 1.90+1.01 Ad
60—80 2.61+0.84 Aa 2.20£0.74 Aa 2.45+0.46 Aa 1.93+0.23Aab 1.88+0.29 Ab
80—100 2.42+0.27 Aa 2.45+0.37 Aa 2.04+0.13 Aa 1.78+0.46 Aa 1.57£0.18 Aa
B Average 4.72+0.76 Aa 3.47£0.61 Aa 2.94+0.82 Ab 2.32+0.63 Ab 1.86+0.57 Ab

ANI)/ING FREARAE BRI 2.5k 0.05, AR E SRR HA] 2. 27K 0.01 AR T BRI 22 ) 3 22 5 AN (B 3

®3 FREEESHEMTEEASE(g/ke)

Table 3 Content of soil total nitrogen in different degree of desertification grasslands

SN ESUZLe RIS SERUA IERUZLS S E R
TJRRE/ em - . . , : .
. Non-desertification nghl—debcmﬁ(,dtlon Medium-desertification Hcavy—debcrllfl(,dtlon Severe-desertification
soil depth
grassland grassland grassland grassland grassland

0—20 0.973+0.203Aa 0.463+0.101Bb 0.267+0.042Cc 0.177+0.051Dd 0.132+0.036Ee
20—40 0.476+0.092Aa 0.307+0.061Bb 0.207+0.047¢C 0.153+0.009Dd 0.121+0.026Ee
40—60 0.357+0.068 Aa 0.231+0.011Bb 0.165+0.073Cc 0.133+0.008Dd 0.117+0.004Dd
60—80 0.247+0.032Aa 0.176+0.017Bb 0.132+0.023Cc 0.124+0.010Cc 0.113+0.009Cc
80—100 0.208+0.046Aa 0.153+0.033Ab 0.118+0.004Bc 0.112+0.007Bc 0.106+0.003Bc

YI{H Average

0.452 £0.054Aa

0.266 +0.037Bb

0.178 +0.013Cec

0.140 =0.021Dd

0.118 £0.007De

x4 TEBEDLEDTIERHBRSE(mg/ke)

Table 4 Content of soil available nitrogen in different degree of desertification grasslands

S Rl REL SERUA IR S ENERU
LJREE/ em - . . . . .

. Non-desertification Light-desertification ~ Medium-desertification ~ Heavy- desemflcatmn Severe-desertification
Soil depth

grassland grassland grassland grassland grassland

0—20 43.76+1.43Aa 24.57+1.74Bb 16.57+0.32Cc 13.62+0.67Dd 7.21+0.22Ee
20—40 23.04x1.57Aa 16.14+0.98Bb 10.15+0.56Cc 6.28+0.44Dd 4.11+0.16Ee
40—60 10.45+0.78Aa 8.46+0.45Bb 5.93+0.86Cc 3.51+0.33Dd 3.13+0.52Dd
60—80 6.63+1.13Aa 4.67+0.89Bb 3.06+0.66BCc 2.81+0.47BCc 2.73+0.09Cc
80—100 5.41+0.43Aa 4.05+0.57Ab 2.96+0.13Bc 2.83+0.23Bc 2.71+0.17Bc
YA Average 17.86 +0.78Aa 11.58 +0.46Bb 7.73 £0.57Cc 5.81 +0.33Dd 3.98 +0.28Ee
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2.5 HU MBI R D 4 NH-N 2B fRRHIE

FHLYP AL S 2 0—100em +)2 NH]-N &8 FREIE IR 76.75% , Hod | B Y BE R VAL b B | A
ALY B 2 FE VDA I B L E BE VDAY B A v BE VDA B B A o B VD A o B o BE VAR B B IR AR T 46,
74% 27.95% 27.21%F1 16.79% ( P<0.01) (£ 5) ; 1 JZ2HIH [ ,0—20cm )2 NH;-N 32 5 Vb 52 i 5 B 5
TREREE S 82.11% , Horp BB VMU Brid /D BUR e 22 | 3K 4.2 mg/ ke, FLBE & V040 ™ B RR BEHE I, ok /D
BRI AR CRE . BEE T2 IREERG N, b VDA T 18 NH-N 152 i 72 2 220 i AT

x5 AEEEDLEMTEE NH]-N &2 (mg/kg)
Table 5 Content of NHj-N in different degree of desertification grasslands

- ESUZLe REL S RERUA HEEIE LIRS
HJZREE/ em e . e . I v e
il denth Non-desertification Light-desertification ~ Medium-desertification ~ Heavy- desertification Severe-desertification
sott dep grassland grassland grassland grassland grassland
0—20 9.39+0.89Aa 5.12+0.76Bb 3.02+0.43Cc 2.06+0.22Dd 1.68+0.07Ee
20—40 7.08+0.78Aa 3.63+0.54Bb 2.72+0.21Cc 1.63+0.07Dd 1.38+0.03Ee
40—60 3.85+1.04Aa 1.72+0.62Bb 1.66+0.32Bb 1.20+0.07Cec 0.92+0.05Dd
60—80 2.78+0.53Aa 1.62+0.57Bb 1.07+0.07Cc 1.05+0.11Ce 0.87+0.09Cd
80—100 1.42+0.32Aa 0.97+0.11Bb 0.94+0.13Bb 0.91+0.03Bb 0.85+0.06Bb
YA Average 4.90+0.57Aa 2.61+0.63Bb 1.88 +0.28Cc 1.37+0.13Dd 1.14£0.07De

2.6 HHLYD AL R T 44 NOS-N AR fLRRAE

FHL TP AL 3 0—100cm 12 NOS-N & FFE T 79.77% , Horh 33 B vb Ak Iy Be s ok vb Ak [y B v B 74k
B B i BE VAR B B E R VAR R B b BE VAR B B W R VDA B B VD A B BRI T 43.46% |
40.78% ,25.98%F11 18.38% ( P<0.01) (3 6) ;¢ L2 I ,0—20cm 1 )2 NO;-N R B 5 B d2 | T e i 2
ik 88.82% , Ho 2 VAL Iy Bl DR 5 2, 35 7.30mg/ kg, HL B V0 Ak T AR R I, el R S R i
MRAZEARERAE , B 2 VR BERS N, S VDb XT + 35 NOS-N A5 IR RE R 2 W4 A1

* 6 AREBEEDHENTIE NO;-N 2= (mg/kg)

Table 6 Contents of NO3-N in different degree of desertification grasslands

- Ribfe B rhEETME HEWE e VM

HJZHE/ em B . I . - e L
1 denth Non-desertification Light-desertification ~ Medium-desertification =~ Heavy- desertification Severe-desertification

sor éep grassland grassland grassland grassland grassland
0—20 13.77+£1.29Aa 6.47+1.04Bb 3.42+0.82Cc 2.30+0.12Dd 1.54+0.07Ee
20—40 7.48+1.05Aa 4.27+0.63Bb 2.12+0.51Cc 1.60+0.07Dd 1.43+0.03Ee
40—60 3.41+1.02Aa 2.56+0.72Bb 1.63+0.13Cc 1.24+0.11Dd 1.03+0.09De
60—80 2.52+0.91Aa 1.83+0.61Bb 1.32+0.17Cc 1.09+0.24Ccd 0.95+0.03Cd
80—100 1.79+0.41Aa 1.25+0.27Ab 1.21+0.09Bb 0.95+0.05Bc¢ 0.91+0.07Bc
HIfE Average 5.79+1.03Aa 3.28+0.47Bb 1.9420.31Cc 1.4420.13Dd 1.17£0.05De

2.7 Uik 58 MBN 2R fLRRIE

LS B 0—100em 1-J2 MBN &8 NI T 84.12% , HrPr iR BE VML B Be i R VDAL I BE v BE Vb AR By
BUSR BV AR B HE R VAR B B A v B VAR B B A B VD B B A VD AR I B 4 I BRI T 46.88%
44.22% 31.16%H122.14% ( P<0.01) (£ 7) ; 7£ L JZH1H I ,0—20cm 1 )2 MBN T RElR R B, 15 91.77%,
Horpr B2EEVME R BOR DR 2 L K 9.46me/ kg, B A VD A0 EEFR BESE A0, MBN Dl 20 52 00 T R I A A2 Ak
FHIE, BEE T2 UREERG I, B vD A X6 + 58 MBN (1% 52 00 3 T KA1
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*7 FREBEDULEHTE MBN 28 (mg/kg)

Table 7 Contents of microbialbiomassnitrogen in different degree of desertification grasslands

o e REL S RERUA HEEIE &R

LJRRIE/ em e : e . o e .
. Non-desertification Light-desertification ~ Medium-desertification ~ Heavy-desertification Severe-desertification
soil depth
grassland grassland grassland grassland grassland

0—20 18.71+0.85Aa 9.25+0.98Bb 4.18+0.13Cc 2.45+0.46Dd 1.54+0.31Ee
20—40 8.32+1.38Aa 3.51+0.64Bb 2.25+0.52Cc 1.69+0.09Dd 1.28+0.13De
40—60 4.15+0.67Aa 2.81+0.46Bb 1.78+0.23Cc 1.28+0.17Dd 1.08+0.05Dd
60—80 2.48+0.53Aa 1.79+0.41Bb 1.24+0.13Cc 0.92+0.08Cd 0.84+0.03Cd
80—100 1.54+0.27Aa 1.34+0.23Ab 0.98+0.07Bc¢ 0.84+0.03Bc 0.85+0.02B¢
YA Average 7.04+0.74Aa 3.74+0.48Bb 2.09+0.3Cc 1.44+0.27Dd 1.12+0.08De

2.8 VLRI AR S IR MU 5E S b

FHICAT BT EE R BT X -3 4 0 B 20 NH -N NOS-N Fll MBN 5 - HEVIR 5 349 S W 8 3 T AH G
FFAE (P<0.01) , M5 R 5053 51115 -0.987 . -0.966 . —0.980 ., —0.991 F1-0.981, SHREHKL Ak 5 24 5 4% i 2% 1E A
FHEAE A R B4 51155 0.983 F1 0.960,0.950 Fi1 0.964 .0.982 F1 0.941.0.990 F1 0.957.0.975 il 0.959 ( P<O0.
01) (£ 8) ; Ut M Vbt RE v | - HE U 2 B 2 20 Bl 20 \NH; -N \NO;-N 1 MBN HA5 i 50,

F8 HXMESW
Table 8 Correlation Analysis
TiH Ttem = A, BAER WSE\ WA
Total nitrogen Available nitrogen NH}-N NO3-N MBN
VDKL Coarse sand -0.987 " -0.966 "* -0.980 ** -0.991 " -0.981*"
kL Silt 0.983 ** 0.950 ** 0.982** 0.990 ** 0.975**
Hiki Clay 0.960 ** 0.964 ** 0.941 ** 0.957 ** 0.959 **

xR R EAISE (P<0.01) A5

2.9 FU VDAL AR b L IR FONT b RV 5 R A I B R AR

WFgT el BB, e A NH-N NO;-N 1 MBN 55 5 457 it i A Bl A o FEE AR A1 S 0+ o 7
DAL  HA[F] 228 AR B A 22 5, Kb 0—20em R Ar 2 AR a3 | R AT 132 4K (141
3), Rt 2RI, b FA RS 55 X+ 0—20cm SE4 A B L NH-N NO;-N il MBN X i 50 1%
WIS, 20—40 cm 40—60 cm ,60—80 cm il 80—100 cm + /2% A K SHEE w6 A T & TP 22, AL IE
JEBUN . AT R R 5 T2 5 T A A B &L NH-N NO5-N Fl MBN 37 5 1 25 TEAH O AHOC
FE51 135 0.930,0.982,0.914 0.932 1 0.928, Ui B RCHL VDAL A b | M AT B0 T34 L Bl AL NH-N |
NO;-N A1 MBN f4#& t BA7 52 m , B4 0—20em + )2 HHERE ML AL,

3 e

3.1 FHVMEN A E SRR

XU Ay S BEARAE ) 4 3t V0 Ak S TR i ™ E A iR AR P R RE S S A R A R R
1, 51 30 7 R A 5 e G, NI IR Rt A S R AR A ARBFox 45 W, b v
AL HERE 1P L v ZE BT JFUR [RI R BE VL B 0—100em 12 34 0 Bl L & i 5t i E R AR A AR AL A,
TR BE 7303k 73.95% F1 77.72% , Horbr e BE VDAL I B AR A 5 o B S, B AR B2 430 R 41.18% 11 35.17% ., 3%
BV AR KT RIF 5 X Rt - 3R 3R 5 s 2 FLrh v AR I Y B e e R B 3 . 0—20em + )3 20 B A
TR HIEAR T 86.43% 1 83.52% , ikl )2 TR BESE AN, 4> &L el e 260 7 12 R AT I 32 320 s/ ) , 3 1Y o 3 />
Xt K2 LIRA KM N B, LIRS RSB RED ) Zhou ™ MZEHRE TR ET 2T 5
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Fig.3 Correlation analysis between community coverage and nitrogens

DX b VDAL R R v I R S R — 35, 0 I VG T2 Y ) b DX b A 5 R v 4 4 4 ORI B
ARAEARFAE 5 3 b 52T R X R AL

NH;-N \NO;-N %5 TCHLA ZUSAEY) BB WOSOR F i B2 T A R 5%, i PR A K B B B AR
FHEST AR R Y AE g A P 4 NH-N NOS-N MBN A28 (b RAE | 0 T 242 48 5 v Ak oo 72 vp 30 Sy 1%
TR, BERE VDA bl K 5 1 el e LA DGR MEAE . AR oE 25 S B, AN ) R VD b B b+ 38 NH-N
NO;-N Fll MBN & & 22 57 #5 US55 7K T (P<0.01) | (H 22 5 Bl 2 TR BE 34 in 22 3283 4 /N B AR AR RRAE . BlE
b Y AEHERE ,NOS-N NH;-N 1 MBN 75 2 i /b, 280 Bt DAk s s P 5 3 A ) 51 1y A
FRERE . 76250 -, 222 0—20cm + )2 13 NH;-N NO;-N  MBN Xif %51l 704k i w7 f B ik, o240 1)
FEAE T 82.11% .88.82% 11 91.77% (P<0.01) , Ki#5 + 2R EEHAN, NH]-N \NO;-N  MBN 52 %t V0 {k (1) 5 1 i
Wk . X5 AR R A AR RRFE AR R, X BT NOS-N NH;-N \MBN J& + e R K i B 24 R 4, H
S S e RS R I,
32 HIEARBUK GEHIMNOCHR

o BB I Bl R S DX R DA 8 T A S T XUk ) SO 5 X b YA E ARSI R
SN 25 1 SRR AR AN S Wi Sy — A AR UK K Bl (4 - b Vb A BE 5 2 A0 Uk I8 4% i+
BT A AT AYD AR SRk A R A AR B ST SRR AU A A R AR A T
THIPH 2R, APFFAR RN, HIE2 A B2 NH,-N NOS-N I MBN 55 - OBk FURs ki3
SR AR (P<0.01) , B yb Akt B2 v | - 30k b RDRG R 3 12 KR 8D, 43 B FEAIR T 82.96% Fi 65.
73% ., X FIRFFEIX R YD Ahad B o, XUk 26 1 e ik R b RDRE R Bl IR R R W EZ RN, X5
Spain 45 2518 —5, FJZ 0—20cm + 2 HIAEHLEN I L, 3X 5 DR EEAFIER + bV L RE S K
BREZE IR A O S R, 3 i i A A5 U B A > e A it A AR A6 DRk X b A e Y
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T, XTI X VD A b 1 A A R AR BT R G , Ie b, 5T IX 3 R R 5 b S e e 75 5
FERUIAEC MO R W, 1384 20 B 0 NH, -N NOS-N Fl MBN 55 5 V% 55 B 449 52 90A S 38 1 AH OCARRAIE
Bifi 5 VDA ™ EE R IR, b SRR TV 2 B A W R AIG, 498 4 R0 B L NH -N  NO; -N Fll MBN 5 i ¥ 2 3%
g D AR, X5 Zhou S5 B FT—3, X — 5 IS F T AE LK 3R B (VDAL T b A S R G
FRE N R R E R, BRAE R AR 2 KUk sg e, 55— 1 AEC B N E T T, Mm% o5
FE i, EA e A HLT R 2 R S b U R DAk e AR Hh b AR IR B 3%
WAL SRR AR R EZ TR Z — FUL, i P AT X V0 Ak R b A A ke 4 e VD A b b 3%
FEBIR O J2 2 = VAL B R R S i AR VD AL R b i A RRGE AR

4 it

(1) BEHB YDA PG b o JE B b 5 ™ H AR S IR R 2 —  HE % 30 0—100em + )2 TR R KEfik,
e FE VAL BEEOR VDAL B B i 1 198 4 & BB &L . NH, -N (\NO;-N 1 MBN 735138070 T 73.95% .77.72% |
76.75% \79.77%H 84.12% , Hrfr ,0—20cm )28 R F W, 7305108070 T 86.43% ,83.52% ,82.11% ,88.82% Fil
91.77% . B T JER BRI, P R b 13 A R AR B b ARG BT R B A U AL NH-N
NO;-N FI MBN 55 -3ty br R B FIAE ARV i B 38 AR 0 3 IEAHOCOC R, 5 R VDR 7 i A I 2 f A

(2) RV R b | XU 8 P ok = SR s s B b 9 A ) 5 320 i R I S B R IR R R
FEHAR, NREITEB B, AR RE G AR o B BUR R Bk g™ A R A
NH;-N NO;-N I MBN &3 BIFEMR T 41.18% 35.17% 46.74% 43.46% F1 46.88% , X501 F b [X &
b A A b R IR R R AR AR o BB IX G P Y DG B — T3 T A R JBUHE it I AR XU b X b 3 - S8k
AR R S UL S b b A B R . D5 — T T, S I % B X VDA TS B B R T A VDA R R i A T AR AR
AT i Gl v A b S A
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