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Comprehensive Evaluation of Soil Quality of Different

Shrubs in Windy Desert Area of Minqin

Wang Yanwu'?, Sun Haofeng'?, Yu Hui'?, Chen Aihua'?, Gao Jinfang"?, Niu Liting'"*
(1.Gansu Institute of Soil and Water Conservation Sciences, Lanzhou 730020, China; 2.Lanzhou Test Station of

Soil and Water Conservation Sciences s Department of Water Resources of Gansu Province s Lanzhou 730020, China)

Abstract:[ Objective ] The aims of this study are to analyze the characteristics of soil nutrients and biological
properties of shrubbery in windy desert area, and to quantitatively assess soil quality of different sand-
fixation shrubs, which is crucial for selecting the sand-fixation shrub species and guiding the ecological
restoration. [ Methods ] The 5 sand-fixation shrub species ( Nitraria tangutorum Bobr., Reaumuria
songarica (Pall.) Maxim., Calligonum mongolicum Turcz., Ephedra przewalskii Stapf and Limonium
aureum (L.) Hill.) in windy desert area of mingin were selected as the samples. The bare sandy land was set
as the control, and the soil nutrient, microbial quantity and enzyme activity of 5 sand-fixation shrubs were
measured and analyzed. At last the improving effects of 5 sand-fixation shrubs on soil quality were

quantitatively evaluated by using principal component analysis and soil quality index. [ Results] (1) For 5
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sand-fixation shrubs, the contents of soil organic matter and nitrogen were low, phosphorus was deficient,
potassium was high, and total salt concentration was too low. Compare with bare sandy land soil, the
contents of soil organic matter, nitrogen, phosphorus and potassium, microbial quantity and enzyme activity
increased. For different soil layers (0—20 c¢cm, 20—40 c¢cm and 40—60 cm), the soil nutrition contents of
Reaumuria songarica (Pall.) Maxim. were the highest among all shrub species. The soil microbial quantity
and enzyme activity varied among all sand-fixation shrubs. (2) With the increase of soil depth, soil nutrient
content gradually decreased but no significant difference between the soil layers, and the changes of soil
microbial quantity and enzyme activity were different. (3) There were close correlations among soil
nutrients, salt, microorganism and enzyme activity, among which soil nutrients and microorganism achieved
a very significant positive correlation (p <C0.01). (4) The improvement effect of different sand-fixation
shrubs on soil quality varied in different soil layers. The sequence of 5 comprehensive scores were Reaumuria
songarica (Pall.) Maxim. > Nitraria tangutorum Bobr. > Limonium aureum (1.) Hill. > Calligonum
mongolicum Turcz. > Ephedra przewalskii Stapf > bare sandy land and Reawumuria songarica (Pall.)
Maxim.> Nitraria tangutorum Bobr.>>Calligonum mongolicum Turcz.> Limonium aureum (L.) Hill.>
Ephedra przewalskii Stapl > bare sandy land for 0—20 cm and 20—40 cm, 40—60 cm soil layers,
respectively. [ Conclusion] This study suggests that Reaumuria songarica (Pall.) Maxim. and Nitraria

tangutorum Bobr. can best improve the soil quality in windy desert area of Minqin. Limonium aureum (L.)

Hill. can improve the soil quality of topsoil rather than that of middle and below soil.

Keywords: windy desert area; shrubbery; soil quality assessment; PCA
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Table 1 Condition of field plots
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)7 2% 43 1 (One-way ANOVA) Fl A1 & ¥ 4> #7
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[& V> HE AR HRK 0—20 cm,20—40 cm,40—60 cm + 2
THAYLR VAR R RS EYA N, =2
TSR EEY UL B, YRR 12 4
AL & YA 3.69 g/kg LLF . Ak T 8K K
VL DLLLAb R 2 s RV Y 2,91 5. & [
TPHEARM IR R & BB, 2/ & 82BN, H
AL FIAE 0.01~0.17 g/kg, Bl fift 0 7 1t 7228 AL AH XS
R, Hs AL JE I 7E 4.81~18.28 mg/kg, T REZH T
[#] P A A A A A S K A IR 1 R B A W R Al T B
TEAEREE . ANFEFEEARR - ESER WRR

EWEERIMRT 0.35 g/kg, ARWE T A E T 3.94
mg/kg, BFFEIXE VDA R R & w2
A A5 AR Ak A PR 43 S FE 19.25~26.96 g/kg I
70.73~126.58 mg/kg., £ [F U HE A MK + 58 400 5
H—ERER HERALFE(p=>0.05) , LW K2+ %
PR o il R, H S M E ARG B 25
(p<<0.05) , ZAHRVLHLIK 1.10 4%, 4% [ V0 HE Ak + 4%
KRR BT 0.29 %0, U6 4 48 4 R At %, 1T
R Sssm F VDMEAC A A, T B R B R4 it 1 n 38
FHUR, &BIHEARZ 0—20 em HIEMA PR A
E R MESEYKT 2040 cm Al 40—60 em +
JZ s U B 2 TR B4 0 45 11 U0 T AP 1 43 it
BN LS L E M ZER AR, 020 em L2,
2 VD THEAMR 1 18 42 20 A USRI S B R
ZIRD > B AU = I > V0 45558 = AR R B > 4R V0 b
T HA SRS 1 R/ NHE A — , U6 A ] [ Vb AR+
AT ITT R NS R BER A,

F 2 REE DA L5 HE

Table 2 Soil nutrient characteristics of different sand-fixing shrub forests

4 +z P b 2
[t WH /em VP (CK) F (D AR CTD D VA V) JRESR R (V)
oy 020 0.0240.01Ac  0.0940.04Aabc  0.142-0.07Aab  0.1740.08Aa  0.070.03Abc  0.044-0.02Ac
€ ke ) 20—40 0.0140.01Ac  0.060.03Abc  0.1240.06Aab  0.164-0.08Aa  0.062-0.02Abc  0.024-0.01Ac
40—60 0.01£0.01Ab  0.0440.02Ab  0.0440.02Ab  0.140.06Aa 0.0540.02Aab  0.0240.01Ab
- 0—20 0.1420.05Ab  0.264-0.08Aab  0.284:0.10Aab  0.3540.15Aa  0.18420.06Aab  0.1720.09Aab
(ffz/]) 20—40 0.1340.06Ab  0.25+0.09Aab  0.2520.08Aab  0.3240.12Aa  0.1620.08Aab  0.1540.08Ab
40—60 0.0990.03Ab  0.2540.06Aab  0.234-0.09Aab  0.30+£0.16Aa  0.1640.07Aab  0.142-0.06Aab
020 20.38+3.82Aa  23.43+4.66Aa  23.19F-4.51Aa  26.6845.37Aa  20.9313.90Aa  20.8243.87Aa
(fi/l) 20—40 19.46+3.65Aa 23.4£4.08Aa 21.68+4.19Aa  26.0745.06Aa  20.48+3.86Aa  20.7643.74Aa
40—60 19.25+3.43Aa  19.57+3.97Aa  21.03+-4.02Aa  26.964-4.92Aa  20.03+3.21Aa  20.7343.83Aa
"y 0—20 4.82+1.26Ab  7.94+1.63Ab  5.984+1.57Ab  18.284+4.19Aa  8.6042.05Ab 8.95+2.28Ab
(g kg ) 20—40 4.81+1.38Ab  7.58+1.52Ab  5.20+1.53Ab  15.3343.65Aa  6.1941.67Ab 6.4341.77Ab
40—60 4.91+1.44Ab  7.25+1.31Ab  5.184+1.48Ab  14.95+3.09Aa  5.50+1.54Ab 5.4841.60Ab
- 0—20 2.04+0.38Ab  3.00+0.52Aab  2.3940.47Ab 3.9440.89Aa  2.64+0.49Ab 2.3440.41Ab
(g kg ) 20—40 2.020.33Ab  2.7840.46Aab  2.264-0.45Ab 3.3940.61Aa  2.4240.46Ab 2.23+0.46 Ab
40—60 2.0140.36Ab  2.3940.40Ab  2.2340.43Ab 3.2:£0.58Aa 2.1240.42Ab 2.160.33Ab
— 0—20 78.71+8.65Ac  96.51+9.46Abc 102.0010.27Ab 126.58+10.86Aa 86.57+8.92Abc  82.6447.83Ac
(g kg ) 20—40 72.80£8.28Ac  93.8249.02Ab  95.1649.87Ab  118.84+10.50Aa 83.568.54Abc  76.904+7.66Ac
40—60 70.73£7.96Ac  92.354+8.99Ab  93.9049.03Ab  117.32+10.34Aa 80.61+8.06Abc  74.894-7.58Ac
" 0—20 1.2740.29Ad  3.114£0.44Aab  1.9140.38Acd  3.694+0.79Aa  2.9040.47Aab  2.56+0.42Abc
€ ke ) 20—40 0.9940.15Ad  2.5340.32Ab  1.6540.31ABed  3.5240.71Aa  1.8540.31Bbc  1.98+0.35ABbc
40—60 0.2340.11Bc ~ 1.6840.25Bb 1.21+0.26Bb 3.374£0.65Aa  1.4540.30Bb 1.48+0.33Bb
"y 0—20 0.030.,02Ab  0.2540.04Aa 0.2440.03Aa 0.23+0.05Aa  0.05+0.02Ab 0.05+0.02Ab
y 20—40 0.030.01Ac  0.2020.03Ab  0.252-0.02Aa 0.2740.04Aa  0.0440.02Ac 0.04+0.01Ac
40—60 0.0240.01Ac  0.2040.02Ab  0.2140.02Ab  0.29+0.02Aa  0.0440.01Ac 0.0340.01Ac

T« [ — R BR RIS A R K 5 E A R [ VD A TEAR TR 222 5 53 (p<<0.05)  [RIAT AR R/ING SE8E R R AR [R] [ V0 HEACTE [l — + 2 25 57 1 25 (p<<0.05)
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Table 3 Soil microbial quantity and enzyme activity of different sand-fixing shrub forests

+ 4 + 2 FE A
[ i W/ em I (CK) FRCD AL (D) aw b BHEAD BERBRECV)
.y 0—20 1.47420.38Ad  9.0442.43Ac 6.7241.66Ac  25.10+4.87Aa  15.58£3.93Ab  7.23£1.99Ac
(X16°CFU - 1) 20—40 0.42£0.09Bc 8.18+2.17Ab  4.89+1.05Abe  21.0944.21Aa  17.91+£4.04Aa  5.06+1.08ABbc
40—60 0.23£0.05Bd 8.9242.35Ac 11740.27Bd  23.99£4.30Aa  14.46+3.36Ab  3.7940.86Bd
- 0—20 1.01£0.36Ac  13.11£3.27Ab  3.76+0.88Ac  32.21£5.57Aa  17.98+4.05Ab  6.05£1.68Ac
(X10'CFU - g 20—40 0.9240.21Ac  16.61+3.35Ab  3.240.75Ac 36.7745.83Aa  18.72£4.28Ab  5.97£1.60Ac
40—60 1.2840.39Ac  19.38+£4.76Ab  3.0040.62Ac  30.89£5.09Aa  16.4£3.81Ab 5.62£1.54Ac
. 0—20 0.010.01Ad 1.4740.37Acd  4.410.99Ab 758+2.16Aa  4.42£1.06Ab  3.15£0.61Abc
(Xlwf;f;_g 5 20—40 0.02£0.01Ad  2.28£0.43Ac 2.5240.34Bbe  3.50.77Bab 3.660.84Aa  1.7140.48Bc
40—60 0.01£0.01Ad  2.21£0.48Ab  0.20£0.08Ccd  3.00%0.62Ba 0.36£0.10Bed  0.7940.13Cc
- 0—20 0.03+£0.01Ab  0.07+0.02Aab  0.09£0.04Aa 0.0920.05Ba 0.03£0.01Ab  0.0640.02Aab
(ml+ g Cop 20—40 0.014+0.01Ac¢ 0.0640.03Abc 0.0740.03Abc 0.2740.09Aa 0.0340.02Abc 0.10+0.04Ab
40—60 0.01£0.01Ab  0.06£0.02Ab  0.06£0.03Ab 0.2740.08Aa  0.0240.01Ab  0.08-£0.03Ab
_ 0—20 0.6520.27Ac 1.2740.35Abc ~ 1.56+0.38Aab  1.77£0.47Aab  2.0540.39Aa  2.0140.48Aab
(mg.?w%/d 5 20—40 0.87£0.31Abe  1.4740.39Ab  0.73£0.22Bc 2.3340.53Aa  0.920.36Bbc  0.9350.28Bbe
40—60 0.87£0.35Ab  1.794£0.42Aa  0.99£0.31ABb  1.584+0.45Aab  0.87£0.41Bb  1.60.36ABab
o 0—20 1.3140.39Ac 6.3242.06Ab  2.94+1.63Abc  12.3143.81Ba 4.48+1.03Bbe  7.16+2.58Ab
(mgfjﬁﬁ i 20—40 0.89£0.29Ad  5.74+1.85Abed  2.44F1.55Acd  27.38+4.79Aa  10.64£3.07Ab  6.39+2.41Ahc
40—60 1.0440.24Ad  3.3E112Acd  0.7240.49Ad  16.39£4.02Ba 9.3342.92ABb  6.50£2.66Abc
o 0—20 2.4240.30Ab  8.74£2.72Aa  4.15+0.79Bb 8.444+251Aa  2.57£0.36Ab  2.67+0.48Ab
(mgfffm i 20—40 1.1740.15B¢ 7.9942.18Ab  7.01%£1.95Ab  14.37%3.66Aa  1.59+0.20Bc  0.32%0.08Bc
40—60 1.9740.24Ac 6.03+1.83Ab  1.2940.20Cc  13.9243.58Aa  0.32£0.12Cc  0.7740.37Bc

T [ —F8 b R G0 R R 5 4 R B VD HEARFE AR R + 2 28 57 W 35 (p<20.05) , RIAT R IF/ING 8RR A W [H DA TE R — + )2 22 57 B 2% (p<<0.05).,

23 BEEAMZIERETNIEREMEXE
WFFE DK Vb FE AR AR L S 57 00 2R 70 IR ) R
PEZ FARSRAE R DI (R 4, BARSR BN T353R 7 A

FARIR Z A3 AR IEA DGR R (p<<0.01) , F R R B
IF 62,300 LA L - HEEh 55 1 AR TR L A IR LR
it R AR S AN 2 35, 15 At 1 M oI 48 B 140 8 35 T A 5
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(p<<0.05) MR HGLF] 49.6% L) | 1 BG5S +
e oy AT R B B 3 IR AH DG OE &R (p<<0.05),
MK RBORH] 47.00% A B, ATIE W, £ R SH
Bl AR W B R TG P O T A A T Y 3 B4
P o 1 V0 W ABR A 38 o £ 4% 4 B 18] AH B 52 i), AH B4R
HE A A5 [ V0 HE AR - HE SR A N W AR AR W R E
Bk e, R R R A ME
24 AREBEDEAKLERESZEIEN

XiF b Ak IS I - 8 T 4 48 B O E T KMO
K56\ Bartlett BROKS 560 0 5 2 P 4G 36 7T 401, KOM {H
FF 0.673,Bartlett BRI 1 45 9k 373,114, Sig {8
R 0,000, 2 W45 46 Ar B AT HH DG  B0HE 15 A 32 L4 43
Br o KA [ [ V0 3E AR AR 15 4> 4 2 B i 45 AR 4T 32
YR BBV AR OR T 1 H By 25 sk Rk 7
85 Y0 1 B4y 3 A, I 15 B 3 B 43 45 B F 6 A 2 L R
AR 575 22 STHk 3 (58 5) , al RT3 A s B2
L TR AL F] 88.67 %, 3X 3 A F o AT Kz e 4
15 ARG R . 8B — 20 ZamE
R 73.28 %6, Forfr B AR R A RO L EALET LA L
JBT 45 B A A AR Y TR AR TAR R ISR I E R
B R T E TR R 8,91 % L E i B JE AR .
AR B IR Y 2 RN AE B . B = U T 22
DUk FE R 6.68 %0 » ok S Ak S 1Y) 05 i, R e £
HEREIE AR B . AR AN [R) [ VD AR ObK - 48 A 4
T 7 (R 23 0 I A5 o = 8 0 o A 3 A Al 4%
I F Fo Fy ol 3 A F 4y B & £l

BRI LR RN GG AR TR F. RG4S
F 5 2 TURR R TR ZR B AR 40 I HEY (R 6) . 1]
PHUAS ) 1 0 W AR AR A ) 4 2 56 4 8 5 2 119 40 R 4K
RAFL,0—20 cm LEGEB/AHIF AN =11 >
V>V >CK,20—40 cm Fl 40—60 cm # K 1 >1>
N=>1>V>CK., aTLFE i, 5 AR L, A [ [
VD HE K S5 BE 4R AU X A M 1 o, (H ek R A
FEZES . £ 060 cm 2, BALHLL i3 22 11
Jo g YV FH B K R R 2 R, 28R R o - g
JoT H 0 R BOR B O
F,=0.261X,+0.271X,+0.283X,40.280X, +
0.286X;+0.287X,+0.272X , 4+0.227X s +
0.256X,+0.266X,,+0.226 X, +0.236X ,, +
0.201X 15 +0.239X,, +0.263X
F,=—0.199X,—0.319X,—0.14X,+0.183X, +
0.055X;—0.205X,+0.15X, —0.54X ;s +
0.33X,40.277X 1, +0.176 X ,, —0.07X ,, +
0.298X 15 +0.292X ,, —0.224X 5
F,=—0.26X,—0.148X,+0.067X;+0.01X, —
0.118X;—0.086X,—0.094X;+0.008X 3 —
0.036X,+0.121X,,—0.576 X, +0.526 X ;, —
0.092X 15 +0.413X ,, +0.269X
F=0.733F,+0.089F,40.067F;
XX, X M ELR 2. 28 WEA A
A HUSCR A LT B A VA R T L L L R
U N3 N3 3R]

x4 BEEAKIERERERNEXRBER

Table 4 Correlation coefficient matrix of soil quality index of sand-fixing shrub forest

i 25 A 2 MBE ARE EMH AR

) BE REE EE O HERER O RE ENE REE

25 1,000
£ 0.880"" 1,000
2 085" 0.863 1.000

SEREE 0571 0648 0704 0TI 06207 07107 0642t
T 0470% 05227 0501%  0.6617F  0.6047F 05337 0.J01%F

i3 0.587 "

K 0.2 0.8207F 0887 076077 07947 084377 0734

0.528" 0708 07777 oq01t 06427 070477

0.496" 0,939 1,000

0.420 0782 0.623™" 1000

0.637%  0.580" 0.659 "% 0.326 1.000

0.349 0.535" 0.6207" 06107 05127 1.000

0.380 0.8007" 085177 0442 0.8087" 05577 1.000

0828 0.618"° 073477 044l 0.806 " 0.504” 0,683 1,000

" FRORTE 0.01 KF ERFMC,  RIARLE 0.05 KF ERFEAMK,
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Table 5 Load capacity, weights, eigenvalue and contribution rate of the soil quality factors in different sand-fixing shrub forests

sk 5—F s RS 5= F W5

i far ik D i far ik e 1 fof e
2R 0.864 0.068 —0.230 0.058 —0.260 0.092
LT 0.899 0.070 —0.369 0.092 —0.148 0.053
4 0.938 0.073 —0.162 0.040 0.067 0.024
i it &L 0.929 0.073 0.211 0.053 0.010 0.003
EERIET 0.948 0.074 0.063 0.016 —0.118 0.042
T R A 0.953 0.075 —0.237 0.059 —0.086 0.030
A ML 0.903 0.071 0.174 0.043 —0.094 0.033
oy 0.754 0.059 —0.624 0.156 0.008 0.003
I B 0.849 0.066 0.382 0.095 —0.036 0.013
4R T 0.881 0.069 0.320 0.080 0.121 0.043
FLTH 0.748 0.059 0.203 0.051 —0.576 0.204
i A Ak A 0.782 0.061 —0.081 0.020 0.526 0.186
JUk it 0.668 0.052 0.345 0.086 —0.092 0.032
TR il 0.793 0.062 0.337 0.084 0.414 0.146
Tl % it 0.873 0.068 —0.259 0.065 0.269 0.095
LER (e 10.992 1.336 1.002

TIHRR/ % 73.280 8.910 6.679

B DTHR/ Y 73.280 82.190 88.869

x6 FABRDVEARESERSBIREEES
Table 6 Principal component scores and comprehensive scores of different sand-fixing shrub forests
; o . BN S -

R e LR fem B_Ems Bokms  Bokmn oA HE
FAR I} 6.45 0.53 —2.11 4.63 2
S 1 1.38 —1.17 0.01 0.91 4

AL I 0.78 —1.63 —1.41 0.33 6

IUEIES I\ 020 0.29 1.86 —1.39 0.28 7
JIEE SR JpR B \ —0.72 1.33 —0.44 —0.44 9
R Hh CK —3.4 —0.35 0.44 —2.5 16
amb I 6.82 0.51 1.85 5.17 1
SR 1 0.85 —0.59 —0.09 0.57 5
IUEES I\ —0.81 1.51 —0.42 —0.49 10
AL 1 2040 —0.42 —2.27 —0.5 —0.55 11
5 2R JRR B V —2.11 0.6 0.51 —1.46 13
YD H CK —3.89 —0.04 0.27 —2.84 17
awb Il 5.57 —0.32 1.78 4.18 3
3 1 —0.18 —0.2 —0.19 —0.17 8
IUEGES v —2 0.99 0.46 —1.35 12
AL LR 1 10760 —1.94 —1.68 0.09 —1.57 14
JIEE L JRR B \ —2.38 0.85 0.64 —1.62 15
RS Hb CK —4.28 0.07 0.49 —3.10 18

3 it S HA WER I ERD, B YRR A KB T Kb

3.1 AREDEAKTERELTN

b A BTN 7 23 2 L HEAE T R B L T
PR R 23 i B ALE I 2 5 T L rh & A
AWy B B S e 0 A [ [ 0 9 R - S R 4y
i A R b A A LA S R LA A [ VD AR
I A SRR R YD T R o A B Y K

DXl SRR 2, 208 T A 0 A B AR 2L R i A
TR R BN S A AL R R R K RE
o IR AR AN BTG N A R T R A R A
AR . B 8] V0 9 R A I BR800 3% , E A
BERAL v ) BRARNIAR R W £, 220d R IUE
Yy RV 14 ik e A L A A RSB 0 R I R AR S R
Yy AT B Ay R AR A T AR BE T A A B A AT R
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Bt AR R B AS [R] VD E R B b - HE 5% 43 R
A ) 2 R PR SRR D b 34 A AN [ R A S B )
AR - HE S 43 R A= 0 2 P T 0 oA SO A A W 2
S, X P RE S HEARAR R 3 WY | 8 v ) 2 B DL SR
H M ERARE AR, M SRS+
BSR4y A G, 7E 3% 40 e 1 v A1 B 0 B0
s AT DA A3 i S BILI, (K R R R4 4 £ &
IR SR T B A AR A AR IR A B 1
o 2 D A BB 2 B L R B 2 LT
7T 26 BT T A 22 R 7 A 1 At 7 T LIS O I 4R Y 3R
B AR DUEAESY . ARWRGE P A AL A R
SRR - 9 4 TR RS R e L R AR i T R
TG 5 A0 — 3 A DL A AR S AL 1
3 L GBSO R O v A T R R B IR, X
R HEFR S 5 AR W B TR A B G R A S A
—F, AR EKRZ LIEAVE LA 2T L
THARIK -, 4 BIAE 1.27~3.69,0.02~0.17,0.14~
0.35 g/kg, LT b E b 7 BB R P> X R 2 5
¥I{H 21.03,1.20,0.80 g/kg"™, EEEH F T H/AHH
AT W ot ) 20 4 A 53 {45 361 V0 T8 R R 9% 0 AR R
G3 UM D | AR ) B R T M SR A BT A
G, & [V HE AR AR B 1 2 0% BE 1Y 3R 4 &
SRR AN Gt 7/ BT R A A E -
[#] > A S 0 T A R R | A 2 TR A A
7k A e EA R
3.2 AEEDEARMK L EREFEMN

DT AN R N AR S R G A B A A
A PEAT AT R A A R B R L T R
g S e aBv e QIO = 7 N i e w9 B RS W R e R e <
G5 —ArifEt I TN ik R AT R Bl ) 2
JriE | 22 AR AR bR s ST A% TR L A A X
SN w7 Tl 7 = 02 7 R w3 1 [ S G 7N
IR N/ S T TR SN NI R ) 37
A TOPSIS %00 & R0 5 354 45 A B0 36 Y
AL R e, 8 T S 8 B0k N )iz L AT DAAR
O 1 VA A8 SR i X 1 S B R SR GE A T R
FIRRZE A B L ACHIESE P R 2E A T R
G 53 AT R A S B AR B 45 A 0 5 kAT HEANY
AT L E S Ak PP ARG AN (] [ 0 98 A X 4 T 1 5 )
JE AR LR AN R [ VD HE R o R R R AR .
5 VE AN 5 B (8] A AH 5 R Bl 9 A2 0 RGN RE
2R A e - MR T T ROG G 55 AR BE A 35 0 AE
300 M, b HE TR VT M 3 R R bR 3 O A L
T EBE VR pH SFERAR AR bR 4R O
A e A U0 ) 7 A S R A g R T M A

P U326 B A AR B T T AL 15 R 1 R Al B
BT AN L ECTE RS R IR T R W L R IR M L R
P 2 AR W AR B o LA A 45 2R e B 150 b S
TR D HEAR MR L 255 i . A BIE T 1 IS )
R DXAS [ ] 70 JHE A BR I 15 A4 - 48 0 48 AR R AT £
S a3 53 AT 5 5 — R T DL R R AR A 1R B Y
73.28 0, Ul W BT 15 MR A - HE 5T O 4 45 bR 7R L 1
HEEA I T R A AR Y. U I A
P 10 o 8 4 THT A Wl S Y b S B AR O L LA
it 22 2 T RS AR HOREARS 8 3 ek - 38 S
RN SRS AR =R T SN S €1 E SIS A AV
P 3R U LI 45 2RI 4 )i 181 9 98 A - 3 o & O
FEEMPFTIT M Z—,

B — 5 AR e O A BE AR AR SR o0 i
1 AR AR ST T A% ] VD HE R RS ) 2 R
O3 WU W) RO TG 15 R A5 16 b AL AR B S L X
S T P9 A3 AR M LAV SAOR ] T o0 o0 B AT
TR LR AV . I AR A AR R SR Ay
e FORICZ X e e Y s OR el . 208D
AR ) A BT e R RS R OO A AR D
TLJa AU R DU T HEDN R T3 B T Il [ JE 8 A
UDHEN RGN e AR KRR I T K
T4 A ) 20 i BN T U0 o A SR 3
AWy RN I B B R At A P A A TR A B
BFEYGED . ARUFR AT B R L TR
PR TR T v R R L X AT BE L S AE LA B AR
RO WY ARN T K EEAE 020 em RA K. &
b AERRYD B S 36 B R AT AR R BE A R R A
Wik 52 i J7 s cas M ot i A9 5 [ A ) 46 4 2
W IS HE DAy B A AR 4R A LR A B 1 R R
DRk - 77 03 SR A T HE AR 5 8 T AR S A D M
“HE 5 7 AN LA GA B [ WV H 8. B AETLAL L AL
0L JRER R B U0 P A R B R XA R A [ b
GER7/ I iR A AN VI AN S U PR R NN
Bl S5 22 T N2 T B 25 AW L X 5 R R 25
YA Y [ VD HE AR HEAT TR 28 5 DA PR T A A
b 8 AT S X DX AR AR S A S £ (L A
PR 25 SRS A DX AR A5 O 3 A ] U0 K Y
HA TR E X,

4 &R

(1) BE R X1 70 HE A bR A LR R
FHRERGERRZ AR SRR, 20—
60 cm £ £ )= HESR R M LA f o, R HERUE
0 00 R T A 25 [ VD HE R SR BB 3545 AN ] 5 Bl
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J2 R BE SN+ A S A 0 B R 9 A A LA A%
S SR E BN A LR 2 AR

(2) [ HEARMR IR IR I (3R o) L Ak W i A

WG PR 22 B A Sk 25 U0, 358 37 A L Bl A W 4% 48 A 1)
WEMBETEMERR(p<L0.01),

(3) AR ¥ HE AR ARAE A ] £ 2 X6+ 18 R 2

R BOR AR, 0—20 em 248 445340 HEF 8 I >
I>>N>V>CK,20—40 cm Fl1 40—60 cm ¥}
M>1>N > 10>V >CK, 22 B 2080 A il 4 158 R
S 1A A AR o, B AE LA A 2 ) A M T 1 1

HRXTHT)Z L8,
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