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630. 9 mm , H X200 64% o+ I AE € 7R
Mo 7 D B AT SR AR P 1 b BE, 2 R R A
PUE R AP R F] 0.9 LLEAY AR Tk bA FnfE L
& RS TR AR, 23 S 57 20 m x 20 m [ R e
W(FE D) TRRAERNYSEES 1T mxl m K
ANEYINEETT U B VR W)= (LA iR 2 TR IR
BT R UZ (0 ~ 10 em) By 4256 L5 8 5 A4
FEDT Y 38 58 00 1R 4 J5 HORR 43 2 AR 1] 35 N, BR &%

M MR A RAE Y R DL A fL AR S mm
M - e 0t A o TR, 7 2 b R 4R YD AT RE (Astraga-
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(Vicia wvillosa) | /)N 5t 4€ ( Coronilla varia) |, B K ##
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7/ A R U BT R b LB e A = R Y SRS
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Table 1 General informationof the experimental pure coniferous forests
AR 2 T R %7 W 1wl W a7 W= Densit
ensity
Forest type Age (a) Elevation (m) Aspect Slope(°) BHD (cm) Height (m)
(ind hm ~?)

WA P. orientali 32 1020 SE45° 32 12.31 7.4 1 500

AN P. tabulaeformis 29 1 100 NE80° 30 16.93 12.2 1350

Y& HHS L. principis-rupprechtii 29 1 100 NE50° 25 21.92 17.2 1595

1.2 ENRESBERRUE

2 R SC AT O R B A K P R
PRFE 4% IR 100: 2 19 T 35 L1 9 W TR 6 L SR )5 48
2.5 kg & A& KSR G SR bk b, g i 2
kW5 H R G  — AL, DOR 5 AF 9 BT IR
B 1A A o JUBR M, A M T B SR AR v IR g Ak P
23, B R R A R RN AR, Lk
7 120 d, 1 2 W48 KR o i v 0 o3 g ko B
RS0 AR B T 0 & A AT R PR AR R
R Ty o T I L o e ol (R 7 -
2 A R REUCT GEFLAR 1 mm R LR
7wt W R R | REORE G L R B SG R
it 3k 4R Ak S R 22 1 AR Ak IS 1 DA B pH A BIL T
il 7 2R A AR L O R PH B T s 4 R A 16 A48
bro BA LI ARIE S SRR 3 M EE
(RER B 5% ) 21,
1.3 HEAE

R Excel 2003 #4754 & B, ) F SPSS 19. 0
HATR R T 25 (2 & R A LSD ) FlZs:
G F AT 53T o
2 g5 R
2.1 HEHEFYIMMEER T EERAOZm
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T, W K MR T ORI L BRI 2 R L
TG PE B A BB & i CEC; /N 46 3 42 3 7 ik
LRAER P TR i A Pl AU S R
P A 9 P % e R R RO R A A I R
BT RE R Tl | TR N Y 0 T S AT P B A CEC;
BORBR R E T BB AR, R TR TR
P U | P 3 A B e R SR A A R T A
T, NI AT R W TR R TR N 4 5 M A
WEEH TR HEMRL RN R R TR
FE TR 7% e A L A SR R S R A
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it 1 1) A AL A5 ] i B 2 1 /NI AR L R AR A
A Y 5 VoK 2 R TR A I 1) B AL R s W ATIE IR 3 1
IR T 2 W R AT IE B AR

F T o 4 A% B MR v 00 5 i Y b AR
BN IZIR, N T Lk VA AR A 5 W 0] 3 1
RLPE A, R pH LSRG JC 35 3 2 pH A 32 R 5
REARJE & X B3 A 1Y 13 e s (H R
S AR AR T AR TR A ) R AN [ A
VR 5 PR b SRR A B SR S B ORK M A S R
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Table 2 Biochemical properties of the soil in the P. orientalis forest in the semi-humid loess hilly area of North Shaanxi after being mixed with

litters of different forage grasses separately and incubated

RAM 5P Mixed litter”) JELU AP H
e B
Soil properties AT RE IECTF EHT UNTwia LV N HAE EANER Y anfaz ol
of P.
AA LB \aY% Ccv MO MS ov
orientalis forest
AW Microorganism
[GR7 PSS
MM (10° ofu ') 6.30b 5.35b 5.30b 6.21b 5.16b 12.72a 5.77b 3.92b
Y MB(10® cfu g™') 5.61b 4.42b 4.58b 5.76b 4.94b 12. 14a 5.36b 3.83b
B MF(10° cfu g™') 8. 71bc 7.20bc 6.83bc 7.81bc 17.79a 9. 64b 21.24a 3.02¢
TR MA(10° cfu g™ ') 68. 69ab 92.60b 71.19ab 44.90c¢ 21.75de 57.82bc 40. 46¢d 9.07e
it} 3% P Soil enzyme activities
Ik EU(mg kg ™") 65.32a 59.38cd 61.39bc 63.92ab 63.22ab 56. 10de 56.07de 54.62e
BEMEAG ES(mg g~ ') 1. 36¢ 1.41c 1.52¢ 1.53¢ 1.63¢ 2.68b 3.41a 2.27b
i E AL S EC(ml g7") 14.10d 14.07de 13.97ef 14.23¢ 14.53a 12.83¢ 14.41b 13.94f
Wi % ED(mg g™ ") 1. 10a 0.58b 0. 94ab I.11a 0.71ab 0.51b 0.53b 0.61b
R i EPh(mg kg™") 0.74b 0.75ab 0.67de 0. 68d 0. 66e 0.55f 0.76a 0.71c¢
B HE EPr(mg kg™") 13.81a 14. 18a 4.79de 11.75ab 7.15¢d 8.40bc 4.04de 2.05e
£ A AL EPo(mg kg ™") 11.0d 18. 7a 15. 6¢ 15. 8be 17.7ab 14.7¢ 16. 2be 17. 7ab
fb24 1 Chemical properties
pH 7.4a 7.41a 7.22a 7.2a 7.17a 6.94a 7.42a 7.4a
FHHL OM (g kg™") 37.3b 36.8b 35.5¢d 34.5d 36. 5bhe 36.8b 39.8a 37.0b
k%A AN(mg kg™") 675.5d 645. 8d 680. 8d 723. 1c 764. 8b 953. 8a 567.2e 538.3e
F 3w AP(mg kg™ ') 11.73d 11.16d 12.61cd 12.67cd 15. 44a 18.26b 14.53bc 11.05d
B AK(mg kg™") 603. 4¢ 484. 3f 628. 5a 628. 5a 581.5e 594. 1d 616. 0b 327.5¢
CEC(cmol kg™") 37.50¢ 39.13b 37.50¢ 39.13b 40.77a 39.79b 41.09a 41.42a
A EMMMEF 1.458 0.597 0.417 0. 887 -0.371 -1.170 -1.818

1) MM, Microbes, MB, Bacteria, ME, Epiphyte, MA, Actinomyces, EU, Urease, ES, Sucrase,, EC, Catalase, ED, Dehydrogenase , EPh, Phosphatase ,

EPr, Protease , EPo, Polyphenoloxidase ,OM , Organic matter, AN, Alkalytic N, AD, Available P, AK, Available K, F, Comprehesive principal component val-
ue. 2) AA, Astrag alusadsurgen, LB, Leapedeza bicolor, VV ,Vicia villosa, CV ,Coronilla varia,MO , Melilotus officinalis ,MS, Medicago sativa,0V , Ono-
brychis viciaefolia. 3 ) [6)— 47 /NG FH A F Fm 22 55 5% (p <0.05) , FIA The different letters in same line indicate significant difference (P <

0.05). The same below
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ZMF AR, R R A, S5 REW, W
FTHE(F =1.458) /NEAE (F =0.887) K F(F =
0.597) MEH T (F =0.417) K& ¥ 5 M AT 1
SR G R 97 o v R A B R T B
MB(F=-0.371) B (F=-1.170) fl4 5 &
(F=-1.181) 75 5 Aotk i + IR & 15 572 )5
XF A PR A BARAE T .

F=0.436F, +0.294F, +0. 160F, +0. 111F,

(1)

2.2 HEHLTE Wi AL g Ak 1 3B R R R i

A TRVHCRE A 3 ) 5 A bR IR S R R R
YA EPE T S AR (3% 3) AT LLE ), VAT IE & 3
AT B PRk - 8 2 TR RN R R A R,
THREE G AL SR SR PR R 2
S AT T 1 S pH R CER B =R CEC, A 18 3 %
T A LB AR AR B A B AR T
LW PR, B T IREE o A A S R L R
it L 22 1 48 Ak I 1 35 PR B A AL BT L B AR R
CEC, & 1 25 WAL T REMEBG TG ME S0 A o it B
T ERY TR R A, T IREE L A Ak
UG B B R G AR L 2 A Y T
ST S50 R AR T BRI R S
1LY 0 SRR AT - 4 AU = ]
il % R It R B 10 O M ROma A R A Y =
1 CEC; RUR MR & 25 42 UF T 40 1A . 50 11 RN 026 1A 1Y
AR PR TR |k Ik S B R I Y9 T A T
it A AR RN R AR Y B B S W e T
SRR AR BT DR L RE W A L B G Y S M
B i 2R A 0Tl R R R Y i, B BRI T pHL
I SR Ak ST RN R R Y 3 5 20 N el R T A
PR T B AR S, 48 5 1 DR o A A0 S L B TR
[ S NN A = R ORI T s
1 CEC,

W5 AR R 58 235 L 5 R STRE S 4 SR RIS S b
by 998 A R RN AT S R B B, S B
WETG S VE T B 0 7 m) B Ak ) 24T leRRT LUE BT
A BRI T R R B B A A, b
i F/NTE AL O B 0355 B B i AR AR
HUGE TR R AL, A RO R
A 0 DR T RE N T T R Y B B Ak L
HHAS R0 R TH o Ja JHE 47 g i Ak o RIS, X T

JE b AL - S AS By 1 L L6 ) B A A, T B 2
P E T R A ) TF ) A% A B, L Y AT RE B R
B FRHOR 35 T A PO R 16 X 2 19 A 4
it 52 ) AN 2 Ah A 6 Rl R L E AR T HOE
T A5 Ak 3 5 5k T 0 S 9 R B V0 T RE ] I £ A O
TE i) A Ak A, Sy A R S A R L AT O [ A Ak
P VP FTIE AR ARMR W2 I 1A LT IE ] A A
B HAE S BIREAR T pH i S Ak S 0B IR e O
FIE T EAT 8 IE AR AR R

H FE 853 o3 AT A 7 b R I R R bR
TIEWAL B0 025 E R sR A (2 (2) ) A E
(R 3) 45 REBW, HHRE (F=2.249) /N (F =
0.361) FIF AW (F =0. 134) K5 ¥ 5k T -
WG FEEN LIEERA N BB ERR, a0
F(F=0.041) A %) Sk T LIRS 5 G
XA M EARAHE, MEH F(F =
-0.411) WIK T (F = -0.931) WHIE (F =
—1.443) A7 W 5 00 b bR HE 1 BB R G 8% 5R IS A
Ve A G ARE T

F=0.446F, +0.243F, +0. 190F, +0. 121F,

(2)

2.3 HEHEZYINEMHALHRTEEROZMD

AN [RGB A 0 5 g A bR+ R A 8 SR
Ja A B AR A (R 4) AT LUE Y VAT IE B
L ST -1 VA L o RS BN N 1 5 R
AR R T IR L A e B R G L 2 T A ML
Jit £14) 355 1 K A BB R A G R A B Y B R
TRERHETHE . EW ML ENER RS T
JOK it ook S A S R TR I L AR Y 9 T A AL
MEAH S &, W ERINT CEC; BH FR#F
PRHE T 40T RO 2R T B A, B T DR L 4R 1k
ST S | B TR N 1 O M SR R A RO
RO R CEC; /el 48 8 35 0 F 1 40 T L 5T AN
T B AR, 48 T IR o AR AL T LB R
22 By A AL i Y TR R AR BIL BT R AL AR
T R A5 B0 Y i, A BRI T CEC; BRI
EOEHE TR R AR R s T IR o A Ak
AN WL R Y TS R A HIL BT L R A T R
AR S, R EREILT CEC; B g R E T
ANTE AR, S T A A RO K S Y
i, A AR T R RN A AR Al U Y N 4 G
T E RS T A0 B MO Y A K B TR b
ity o S Ak T L W R I L AR R TR SR L
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Table 3  Biochemical properties of the soil in the P. tabulaeformis forest in the semi-humid loess hilly area of North Shaanxi after being mixed with

litters of different forage grasses separately and incubated

IRA & WA Mixed litter JE T A7 AR
j: ey
AR Primari,ﬂ of
Soil properties AT HE BT EHTF UNv 2 FR AR H1E FANER
AA LB vV cv MO Ms oy Prtabulacformis
forest
4 : #) Microorganism
A MM
12. 53be 7.26d 7.98 cd 8.37cd 18. 60a 9.91bed 14. 86ab 5.80d
(10% cfu g™')
A5 MB(10% cfu g™') 12. 15bc 6.71d 7. 54cd 8.21cd 18. 04a 9.53bed 14.33ab 5.73d
BB MF(10° cfu g™") 6. 44b 8.27b 9.09b 5.33b 15.56a 9.17b 3.72b 3.64b
FCLR T MA(10%cfu g~ ') 37. T4ab 55. 14a 43.61a 16. 60be 56.77a 37.58 53.04a 7.28¢c
i 1% 1 Soil enzyme activities
JIRf EU(mg kg™") 16.55a 15.53a 15.83a 14. 83ab 13.52be  12.55¢ 7.93d 4.57e
HEREEE ES(mg g™ ") 5.24be 3. 14e 4.15cde 4.10de 3.42e 6.77a 5.34b 4.80bed
AL AW EC(ml g7 1) 12.12¢ 12.38b 11.53e 11.82d 12.61a 10. 58¢ 12.21¢ 11. 12f
i S B ED(mg g™ ') 0.51a 0.27be 0.28b 0. 15de 0. 15de 0. 10e 0. 22bed 0. 16cde
WM EPh(mg kg ™) 0.58b 0. 68a 0.58b 0.55cd 0.52d 0.41f 0. 58bc 0. 48e
M EPr(mg kg™') 10. 45ab 9.20b 8. 89bc 9. 64ab 4.73d 11.07a 7.59¢ 5.35d
LB A ALET EPo(mg kg™')  10.3a 10. 8a 9.3ab 6. 4cd 6. 4cd 3. 4e 7. 4be 4.9de
Ak 27 5t Chemical properties
pH 8.02a 7.27b 7.06b 6.88b 7.03b 6.27¢ 7.12b 6.99b
HHLT OM(g kg™") 24.7d 27.9a 25. 4ed 27. 1ab 24.9d 26.7b 26. 1he 26. 0be
W% AN(mg kg™") 412. 3e 427. 0e 475.3d 570. 5b 539.0c 770. 0a 345. 8f 364. 0f
R AP(mg kg™") 4.15¢d 3.87cd 6. 16ab 4.65bed 5.23be 7.67a 4.54bed 3.06d
R AK (mg kg ™) 609. 7b 528.2f 641. 1a 597.2d 603. 5¢ 600. 3cd 547. 0e 355.7g
CEC(cmol kg™") 33.58he 34.24b 31.30ed 34.24b 33.26bed  30.97d 40. 11a 24.12d
gih ERUME F ~1.443 -0.931 -0.411 0.361 0. 134 2.249 0. 041

WA Y 58 45 5 5 R R T 4 S (B9 s
MRH A A A HIL S Rl Ak R A S iR 2 i, B TR
il I8 1 A8 5 O ) 01 B AR ) HEAT FE BT LU
BRI S 1 21 A Vi X T v IR b Y e i
PARIbRES S AL N s T i
T Bl P A, JHG o R R R AR AR e 5 R
i of A I T 52 W) R I 35 0, LAY 6 T 2 A AL
2 0 ri) B A A, b R TR R I BR
FIRE B 7 b, HoAt s A 3ok 2 T A AL B
] A Ak B, Vb ST RE RO AL 7 8O e B
fi AL R NEEFEE T RIS T A R
Tt B Al , FE R B A ROR B S TR T
A S B 1 S 6 0E (i) B AR B, T o A

Yy v 35 S S N T AR R IE 1) B Ak
Horh/INGeE AR RO B i 3 VD AT IR W R T 0 A
b U 1 I ] B Ak # 3 SR N AR R R
LT G R 4 F T 2R 0 OF 1 A ki g, o
INTEAENLL G R R e B, WITEMEH 7
EARIET AU 0 OE ) W A R e B4 TR
P& v TRE W 05 PR A L B O A A L A GE )
e b B85 ok R B R Y R RS TR Y E
] A Ak B Ak VB AT RE SR T /N e AR R OR AR
BE MR T O Ak

HY A A BT AR T Tl R A V0 T T bR
Hby A AR AL B A I 25 A A BRI (2 (3) ) A AR
SHE(R 4) G R RV, B (F =2.680)  F KRR
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(F=0.646) MZL G5 (F =0.128) #iv5 9 5 ¥ M4k
AT SR 5 B 5% 5 6f b S SR B G BOR .
/NEAE(F =0.056) il % P15 % M AMAR T LR &
FigRa d L ek o # OR AW R, B H T
(F=-0.350) #§ K7 (F = - 1.014) F I ITRE

(F =~ 1.724) B8 90 553 R WK F L HEUR 4 6
Je X A PR A AR
F=0.538 F, +0.209 F, +0. 168 F, +0.085 F,

(3)

x4 BRI+ BEIELIEBEREHAKBTESAANERENEGEFRENENULZRR

Table 4 Biochemical properties of the soil in the L. principis-rupprechiii forest in the semi-humid loess hilly area of North Shaanxi after being mixed

with litters of different forage grasses separately and incubated

RAETE Y2 Mixed litter LK I s bR
N 1%
Iy Lo
y : - o p - . rimary soil o
Soil properties AT HE & EHT /N AE LN EE FANGR:
L. principis-ru
AA LB Vv (% MO MS ov
pprechtii forest
4 ¥ Microorganism
AP s MM
16. 38a 18.21a 13. 16a 14. 89b 13.37ab 9. 46ab 15. 17ab 1.28¢
(10% cfu g™ )
4 MB(10% cfu g ') 15.56a 17.74a 12.77b 14.43ab 13. 08ab 9.09ab 14.74ab 1.24c¢
BT MF(10% cfu g™') 24.57a 21.83ab 10. 72¢d 16. 13abce 13. 35bed 8.02cd 7.32cd 6. 18d
TR MA (108 cfu g ') 81.89a 46. 40b 38.40b 45.71b 28. 48bc 37.42bc 43.02b 4.41c¢
Ml 175 P Soil enzyme activities
%A EU(mg kg™") 34.65hc 38.29a 36. 34ab 32.96¢d 20.91f 18.21f 29.93de 28. 83e
TEBERE ES(mg g7 1) 3. 04ab 2.53b 2.70ab 2. 49b 2.56ab 2.29b 3.37a 2.55b
A E R EC(ml g71) 13.55a 12.98¢ 13. 14b 12.78d 12. 34e 11.04¢g 12. 68d 11.87f
Wi % ED(mg g~ ') 0.21ab 0. 17bed 0.23a 0. 17be 0. 17bed 0.12d 0.13cd 0. 16bed
Wi EPh(mg kg™ ") 0.32ab 0.33a 0. 30bc 0.32 ab 0.29¢ 0.21e 0.25d 0.22e
B EPr(mg kg™') 13.37de 19. 84be 13.50de 28.36a 16. 48cd 14.99cde 25.62ab 10.51e
L W E AL EPo(mg kg ™) 21. 6a 16. 6bc 15. 8¢ 19. 5ab 17. The 15.5¢ 14.9¢ 16. 3¢
Ak 241k 5t Chemical properties
pH 7.48a 7.56a 7.46a 7.43a 7.31a 7.25a 7.71a 7.85a
HHLE OM(g kg™ ") 20. 6abe 21.5a 19.4cd 20. Obe 20. 4abc 18. 1d 21.3ab 18. 1d
L% A AN(mg kg™ ") 364.0c 273.0d 446.3b 439.3b 637.7a 658. 0a 273.0d 263. 2d
R AP(mg kg ') 7.52d 7.44d 12.25b 12.79b 10. 81he 16.03a 12. 84b 9.20cd
BAH AK(mg kg™!) 547.0c 427. 8e 572.1b 628. 5a 581.5b 581.5b 487.4d 308. 7f
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REMEDYING EFFECT OF FORAGE LITTERS ON SOIL POLARIZATION OF
PURE CONIFEROUS FOREST IN SEMI-HUMID LOESS HILLY AREA OF
NORTH SHAANXI

Bing Yuanhao' Liu Zengwen’?" Luc Nhu Trung'® Zhu Bochao’ Zhang Xiaoxi* Wu Yinan®
(1 College of Forestry, Northwest A&F University , Yangling ,Shaanxi 712100, China)
(2 College of Natural Resources and Environment , Northwest A&F University , Yangling , Shaanxi 712100, China)
(3 Key Laboratory of Plant Nutrition and the Agri-Environment in Northwest China ,Ministry of Agriculture ,Yangling ,Shaanxi 712100, China)
(4 Institute of Soil and Water Conservation , Northwest A&F University , Yangling ,Shaanxi 712100, China)
(5 Department of Agriculture and Rural Development of Laocai ,Laocai City 330100, Vietnam )

Abstract Based on previous studies on soil polarization of mono-species coniferous forests, an incubation-for-decom-
position experiment was conducted of mixtures of soil samples collected from humus layers of Platycladus orientalis , Pinus
tabulaeformis and Larix principis-rupprechtii forests in the semi-humid loess hilly region of Shaanxi with litters of seven spe-
cies of forage grass to explore effects of forage litters remedying pure coniferous forest soils and hence to accumulate scien-
tific data for selection of suitable soil-remedying species of forage grass. Results show that in the pure P. orientalis forest
soil ,all the litters displayed significant effects mitigating the negative polarization of readily available K,and the litters of
Medicago sativa ,Leapedeza bicolor ,Astragalus adsurgens, Vicia villosa and Melilotus officinalis had similar effects on the ac-
tivity of protease; in the pure P. tabulaeformis forest soil, all the litters had such similar effects on alkalytic N, those of
V. villosa ;M. sativa and Melilotus officinalis had on available P,and only the litter of M. sativa had on the activity of su-
crase; and in the pure L. principis-rupprechtii forest soil, the litters of L. bicolor and Onobrychis viciaefolia had such similar
effects on alkalytic N, the litters of M. sativa , 0. viciaefolia, Coronilla varia and V. villosa had on available P, all the litters
except those of M. sativa and V. villosa had on organic matter content,and all the litters except that of M. sativa had on the
activity of phosphatase. Integrated PCA ( principal component analysis) shows that in the pure P. orientalis forest, the lit-
ters of A. adsurgens,C. varia L. bicolor and V. villosa had better comprehansive remediation effects on the soil,in the pure
Pinus tabulaeformis forest , the litters of M. sativa ,C. varia and M. officinalis had ,and in the pure L. principis-rupprechtii for-
est, the litters of M. sativa , M. officinalis and O. viciaefoli had.

Key words Coniferous pure forest; Soil polarization; Forage litter
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