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Study on soil fertility of forest type in Malan
Forest Region on the Loess Plateau

SUN Xiao-xia, WANG Xiao-an*

( College of Life Sciences, Shaanxi Normal University, Xi’an 710062, China )

Abstract; Based on the grey relational analysis method, the relationship between the growth of trees and soil
nutrient {actors were analyzed,and the properties of soil nutrient in main forest types of Malan Forest Region
were evaluated on the Loess Plateau in this paper. The soil nutrient factors affecting the growing of the trees
could be lined as humus> organic matter>> total nitrogen>> available nitrogen>>available kalium>> available
phosphate>>total phosphate>>pH. The arrangement of comprehensive evaluation of soil fertility indicated col-
lectively that the soil fertility of Quercus liaotungensis dominated forest was the best, Pinus tabulae formis for-
est and Populus davidiana dominated mixed forest were in the middle, Q. liaotungensis + B. platyphylla
mixed forest was worse, especially Betula platyphylla dominated forest was the worst. The artificial P. tabu-
laeformis forest had improved soil fertility to some extent. The soil fertility of great majority mixed forest was
higher than that of the forest types which dominant species was each of the main species of the mixed forest.
While soil fertility of forest dominated by Q. liaotungensis showed higher than that of Q. liaotungensis mixed
forest, and the bigger the important value of Q. liaotungensis,the better the soil fertility.

Key words: Loess Plateau; grey relational analysis; soil fertility; arrangement of comprehensive evaluation
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L FE ERAEY RAN L BARRESBYE
EXkpmt®E., THRENRLEYE EME
YEREGSERNER RLROFFMNERR
BT LR IR 1 30 9 A 0 A R A A B SR A
LA R B35 2% 14 B BE 1 (H U 45, 2002) , IRAE IR
ST LUE R EHR LA RER . BRSPRETR
SCHER R B, 13 0 07 2R R SF 40 19 4 A
E%, M4 R BB —MREBRRN T EUEAS
%,2002), LML AR LR ESERHAEERNTY .

EXRTESRET, RS HEMERZ [ H
HEAMTR BEERERE URAFFHES LR
Z B Y R B B T 4 L 3F 25 40 T R B T
ERMAISHRE MBS LA ER, 5 —H5
SRERAHBXAHEN, AL RTEATRER
—MRERG (HXEE,1996). I TH—-FER
HYBEN LR RR, A O AR GHEIL R
RERBEDFHE R TR LB RIERR AR H
AR ERREL S TRIPERTFHRR, REX
B KR R BRAR S B £ 1 3 BB J 3t 4T B 4,
BHRREHHERN R EFEHUARKEMER
RUPHEIKE.

1 #RE KRR

ODEARMTREIR R REEEO8 LA
J6ER, 4L 108°27' ~108°52" E,35°9'~35°33" N, &
RIFRBHERERERRAHRRZ —, BT
R TR ERFERRESE, MZKPAL
BN, AR RN ERE RS, FREHIR
¥ (Quercus liaotungensis ) Bk TN (Pinus tabulae-
formis) AR M+ LR BFRIHK . & F L BHKE
Wy % ( Populus davidiana ) . B ¥t ( Betula
platyphylla) KR —H 5T R MR H. A T H#
WARE . XA R, B SRR F AR (Acer
davidii) . 2% %W (A, ginnala) .88 B # (Carpinus
turczaninowii) . H i I #& (Crataegus kansuensis)
HMEBEW (Toxicodendron vernici fluum )%,

REATAIMARR, BRI ERBEF5 4R
HLEWEI-AHER:RBRFREELR, £
|SE7C,RHERMBKB-28C, — A LHKAB-7C,
=0CHUR 3 134°C; LF/W 140~160 d, EBAES A
FAGEYETE 630 mm, FELHET7.8.9 =4
R.TFREVTANYEFE1IZAZEF 2 A HKEKEBRE

BE7E 1 300~1 700 m fd] , A% & £ 200~400 m, —
M E A BEBEAIRNBEL, LEH 50
em EH, HIBEMHR, EABH,pHE7~9, R
ARktELE. RREFRARERAR.BARM,
FFRAER BB KETLAAY, BEHHEA, 5
HEERMRE, BT F R RFMEREE.

2 BRFE

2.1 REAEMIERLIUE X

ERBERFZBNHRBFHMERE 17 18
Hb, TGRS B YO B B AT AR 20 m
X20 m, EBITHBA, EREETAGEEKRT
L2mPFE e WE.EEE FRZ"F]
RES N4 mX4mB/MEF,EZEPLRA DR
WRBEYEMLIEEEREE, % 40 cm BH +
BHE; AR IF IR, 4 0~5.5~10,10~20,20~
30.30~40 em A2, A HIRESERLHE . BS54 L
BRAENRELERE, FEXREXNT, LLE4 3%
BAG LEEER, EREN CABRRY, BB H LK.
TN RN ERAE AL, FWWE S pH E
(P EMERER R LR, 1978) BB H .25,
BHLE R %,1996) B 28 B A
+H,2003),
2.2 WA ZE

EREBRMRSERANRXRRN T EREESE
k. MBLEEE . FEHFT ERS T E. X
B ER KA, HEREA R HE RS
Mg, JHm, EXRERAPEEZBIRM. KEXLK
SHEMATURHE—-RBR, ERTFRERENKE
SR, MEERLHHEIERE  ARRKESHEAMHA
RIBRSHAE, BB SR xRk g —
Y BRSNS GBI 05,2001 F 248
5,1996) , AT ARRMRE 5 i 2R M JLAAT R
HHEUBERAN AR ARTES MRBEER
e R R AR bl 2R BRI, AH N P 3 22 A Y L BE
BBK, RZ8 /N, F IR B 447 W] LAAR 3R 5 WA 5%
MR B A Z B FHEF 7 B & 4 4 55 43 7K F 898
B (B JT 355, 2001 B 3064 ,2002) . Rk E
FEMPR((EFHF, 1996 M .

(1) R BRI BB 3 R IR B R AL R
Ds(OHFRmRARERBFSET, 4 UTFA
BHTHEE Y REME SRR TFH X,
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FAR X (i=1,2,,8)E; 4 HH BB FF)
5FFHE RS ENLEE, Au(B) = X, (&) —
X (B)|yi=1,2,8,k=1,2,-17; (A)REFKE T
KA Ao BB AME Auvin s OIHTEE TN K L BB
Amin T 0. 5ALx
ﬁ“'—i?‘?ﬁﬂﬂg%&gﬁvlm(k)ZAM(k)_*_O. sAmax’
0.5 A BREGOOREKE, ZNEKREFSE

FHRIKE 7= (1/m) 3 Lot (&) CRALH) ; 1 4By

GAEMFRBE ri= Ta(k) » La(k), EFH

), AF a(D A B HIFHPE, UEFoH T
FRAE KRR B KR B P 39 E £ 8, R RIE R
BER/NHERF

3 EREM

.1 RMMBRHRERKNFSEAFHRE

3% B T OB FF BB, AR 4 SR B AR HOR R Bk
BB ARG T3 & XRS5 H & 3 E
B R IR AR B & 3 SR 43 16 PR X AR R 2 i ) S B BE
ri(F2),

FH, SR & FR R 4 iR K
FERE r(R 3. AREEMLUES, HREHD

£1 DEAXETERAKAIURLBFRRAMBERLEL

Table 1 The standardization of original data about main forest types in Malan Forest Region

T L o BER  RAR  WRR  ALE AR oo
Sample Height Per\metet" at  Breadth pH Total Available Ava\.lable Aya\lable Organic jrotal Humus
of trees  breast height of crown phosphate  phosphate  kalium nitrogen matter  nitrogen
1 1. 000 1. 000 0.573 0.948 0.995 0. 847 0.789 0.618 0.620 0.640  0.400
2 0. 280 0, 280 0.198 0.919 0.943 0. 883 0.649 0.478 0. 388 0.496 0. 200
3 0.575 0.703 1.000 0.921 0.913 0. 850 0. 987 0.524 0.512 0.527  0.600
4 0.625 0.590 0.421 1. 000 0,915 0. 863 0.732 1. 000 1. 000 1.000 0,800
5 0.587 0. 664 0.427 0. 941 0.937 0.963 0. 904 0.506 0,498 0.540 0, 800
6 0.581 0. 609 0.424 0.904 0.971 0.728 0. 970 0.501 0,557 0.544  0.600
7 0.505 0,397 0.243 0. 894 0.956 0. 795 0. 820 0. 355 0,372 0. 382 0. 600
8 0.579 0.536 0. 384 0.929 0,910 0.963 0,942 0.772 0. 803 0. 839 1. 000
9 0.929 0. 855 0. 287 0.964 0.936 0. 867 0. 843 0.609 0,631 0.638 0,600
10 0.514 0.532 0. 255 0. 936 0.643 0. 805 1. 000 0.531 0.575 0,598 0.800
11 0.824 0,701 0.264 0. 894 0.967 1. 000 0. 665 0. 394 0.510 0.437 0,800
12 0. 840 0,673 0.278 0. 861 0. 959 0,759 0. 540 0.373 0, 397 0. 361 0. 800
13 0.595 0.520 0.227 0. 874 1,000 0.920 0. 485 0.429 0. 369 0.346 0,600
14 0.536 0.419 0. 286 0. 878 0,927 0.928 0, 871 0. 444 0. 377 0, 444 0. 600
15 0.501 0,413 0.267 0. 869 0,968 0. 863 0,647 0.327 0,271 0. 346 0, 500
16 0,822 0,871 0, 490 0.892 0. 870 0,764 0. 700 0. 370 0.416 0,465 0. 600
17 0.531 0.629 0.514 0. 882 0.924 0. 899 0.697 0.388 0, 397 0.428 0,600

BRI BARTAREKEMNITF IBHEE>2K
>WAER>EVE>pH E> 28 >3 >3
B M BEARARBEE KM T EEE>F
NR>SE>BRBRASERT > ERHE > 2>
pH A ; %t ZR AR T+ AR 5 08 A K B e B9 L 0 8 ML IR
SHAER>SE > B HE R > #HH > B> pH
BH>28. XA K8 m i 28K B 447, BXEME—
WA KERNITRE - ENHEREF,.XR2
HAMYNERRAES T E. NCFWEIES
& GBEAX ZANMEFH S F T 5 A KB B 5
T, TR NENN EREF(REIHE,1998; 4
et 4,1999),

W r(D)=(1/3)(ryu+ru+r)  MAHLF, 7

(2),7(3),--,7(8)]=[0. 530,0. 531,0. 543,0. 581,
0.666,0.672,0.667,0. 67317 7E F(8>7(6)>7(7)
>7(5)>7(4) >F(3)>F(2)>7(1)) G5 R FE 0 . 7E 8
MEEBTFH IRRAEBZEZEYOERE AKX
B ERETFREBHEHREMAEIE, HRELA
FO0E AR R AR5 MR o SR BB, £ 8. pH
B, TEAVNREL BT SHERTENEER
B HA BB R R B KRR, B 5 RSN
SoHEERMEBEZMEEF BEMELEAARE
R CRIEHE, 1983, 81 B ,2003) , AT {2 ¥
THRMEYHERK., ASERTLUE L, £ 5
AR, AT LGB X TR R R EE A R
Fray BT Y A KRR O s B 4h, B B R
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REZKREFRTRFHNERBET.

3.2 T RMIBHATEY
REFSEFHHERFTARBRERHRRINTES

R KR 2 BF 3 HBIFIF . REBERIFOREN

a(k)=[0.109,0. 109,0. 112,0. 120,0. 137,0. 138,

0.137,0.137,0. 138 T K EBE 4T, RB T EFH
MR HIRIE NG S ENHF (R O. HEREK
RIAITRAFMAE B, AR AR LB & L EE
BB LRGSR g E, Mak s
BT E, X 5LHFUEBMETE KR

R2 IBMFSURBEROREINEGR

Table 2 The result of grey relational analysis between nutrient factors and height of trees

- 2% WRB EEM BER 0K 27 R
Samples pH Total Available Aval'lable Ayallable Organic ’Total Humus
phosphate phosphate kalium nitrogen matter nitrogen
1 0. 868 0.988 0. 686 0.613 0.466 0. 467 0.481 0. 357
2 0. 343 0. 334 0. 356 0.475 0.628 0. 757 0. 607 0. 808
3 0.491 0.497 Q. 549 0. 447 Q. 869 Q. 842 0.875 0.933
4 0.471 0.535 0.584 0.758 0.471 0.471 0.471 0. 656
5 0.485 0. 488 0.470 0.512 0. 806 0.791 0.878 0. 611
6 0.508 0.461 0.695 0.461 0. 809 0.937 0.902 0.949
7 0.462 0.425 0.535 0.515 0.691 0.715 0.732 0. 780
8 0. 488 0.502 0. 465 0.478 0.633 0.599 0.562 0.442
9 0.906 0.983 0. 844 0.797 0.510 0.528 0.534 0.503
10 0. 441 0.722 0.534 0. 407 0. 954 0. 847 0. 800 0.538
11 0.827 0.701 0. 655 0.678 0.437 0.515 0.463 0. 935
12 0.943 0.738 0. 807 0.527 0.416 0.429 0.410 0. 895
13 0. 545 0.451 0.506 0.752 0.668 0.596 0.573 0.988
14 0.49%4 0. 460 0.459 0.499 0.785 0.678 0.786 0. 841
15 0.475 0.416 0. 480 0.697 0.658 0.592 0.683 1. 000
16 0.828 0.877 0. 853 0.734 0.425 0.451 0.483 0. 601
17 0. 487 0.459 0.475 0. 668 0.700 0.715 0.765 0. 830
ri 0.592 0. 590 0.586 0. 589 0.643 0.643 0.647 0. 745
3 IWMAFTHEBROXBEINER
Table 3 The result of grey relational analysis between nutrient factors
and perimeter at breast height or breadth of crown
X B A MWER AR 2% B
i H Ttems pH Total Available  Available  Available Organic Total
phosphate  phosphate kalium nitrogen matter nitrogen Humus
Fi 1% Perimeter at breast height 0. 560 0.569 0. 581 0.629 0.660 0. 665 0.662 0. 683
7§ §8 Breadth of crown 0.439 0.434 0.462 0.525 0.695 0.708 0.692 0.591

LEE—3.

IR HRE MO RARER A UREE
TUAR (48 B3 45, 2002) , 48 7 X 1 398 B9 1 F o i) 3¢
K. HBHREZEE, AR T, R THEY
TS B A BT o 2 R R, R b # SRS
IR EREF R EERRR T LRASNEER,
XEIAGHREIEENTHEERRZ —.

FEd 2.5.9.1 B R 12 4F .23 4F .30 4E 43 F
B9 N A AR, bR ot 30 T2 AR 0L, AR AR R 39 o S 3, 1A
= AU B (] BT SR B » A\ T A0 K B 1) 9 4
B ARRAERCTEMH L OERTE,1997) K
B (T2 4, 1998) 4R T4 (XU B Bl 45, 2002) % Atk
REATHE LEE N FBOAR, WRA DM

20 40 L MAE S B, LAJG RS PR AR (B0 bE F
112 SRR, TR, ATHRARE MR R
R REFE A3 T 88 B R i AR AR ORI X 9 T 3R B TR
1 » B8 72 B35 TRAR 2 TR A7 AR 1 B [a] £ 48 X 48 2 (46
Eix4,2002),

FEHE 11,12 #RE — 42 60 SFRRE  2E
WEMBER &R BN XAREMBK, B _F
B EMENFAR B 1.5.9 #MH AT HR
HEM. FRE EMEREHPIERREGBK
B, B O B B AR X B A B Ok TR
KREJBR I Z A AR R B0 (X 2 6 R AR, TR e
HEERB R XA B L EBIR R A, FEt,
FEHL 12 BORE 7 Lo REHE 11 SR, T ERIE B R 12
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RO BE L RE S 11 9K, B 5 518 T B R oK,
BEFRYENLETRAN LRSS

k4 DEHRIEFAREHBAZETHERF
Table 4 The arrangement of comprehensive evaluation for
soil fertility of main forest types in Malan Forest Region

o REREE EBFNAXMEIBEYHREHEEE
ri Grey Name and important value of main
correlation  species in every forest type

0. 858 LA T8)

0. 805 TEBEGD

0. 667 MR (76)

0.646 M (89)

0.637 A0+ 11 (18)

0.634 TAHEHED+HBEHAD

0.632 MR (70)

0.630 MA(64) +IT HKAFA3I)

0. 627 WA (47) +H R I (13 + BRQ0)
0.599 AL (38) + EHE(25) + R K A5)
0.570 M 33 +HHMWEO+HIRFEAD
0. 569 ML (66) + 2K K MA2)

0. 568 TR0+ HH#A8)

0.559 MR/ +HITRKFEA2)

0.557 MR (T3

0. 544 ARFUD+H#EGD

0.543 BEHGS) T RBEA3) + X EMA2)
+1#(12)

. ZPERBEES YN EFIERSIEFANBEEEETS
¥OENFIOMFKERE.

Note: The numbers bracketed behind the main species were im-
portant values, species were omitted, which the important values
were under ten.

Samples

© L1 0 &

e e Lt d ol
G e Vo _[Nw N e @ ®o

BEHL 13.14.15 A FE —3EHE LR = s, K4
SRR WA+ B HEIR AR (B3 14) B AR & 4R
HRBRZ ARG 13) R # S R BRI G
1IMEAE; BRER, 4 ABHKMN L RE S
gt mAE SRS ORY AT . TRE+HLHE
AR (B 10) L4 o AR 5 B9 R R AR (RE 3B 6) RE
B. ZER5HKHEE(2001) K E%(2001) HMH
RE QOO KB L RIE /18 F UL EE AN
MARBHORBEYAREREHEZL. THRE
MR RS 16, 17D PIRGEE/E 4K
KRB 17), 2B N B HE, X 5T R A E
BB ARIE S B T CREHL 4,8) B — B A9, BRI K
ME L EE NS, SHRBEFCODMHRE R
BHARR.

Y R

RERKQRKI T EFTENEERERH

4 5, DL AT B A0 SR IR B JOHE R /MR SF B HESI T
EHOEAR TEFARNMERNHLRE FHER
W, FZHKEXE S AT RIFHMATEY SHE
ZEXRRBIR. WO RIBIKARBRKHTHES
BARL AT UM AR L RS REHTRENEGS
PEHY BT 15 B0 0K 5 3 BE BE 2R R + AR 1 9 K/ AR
. RBSTES, FBELDT:

ERSEAREEEEIEREE 0L,
BEARKNLEEAFABERZEENEILR, X
KEEENEMR. REZER EURNEIMNEE
A, BT DA 2 o A 398 1 2 R M M SR 4 K
H A KB RRA . X 20 KT 2
FLAREREREZRERTEPHEREFHR
3,5 B AR, LR R A B EK,

QTRBENERRE  E—NBEXARS
¥, HEEF BB LT (EH%,20000, 5B
BEHER. ESHIEAR EEHRALEB RS S
PO RGARBFHORBENRS N—EBER
IET 4P EE % (2002) 18 ) M 45— LT AR A 1R
PO BABEREER, RFFR RS BEEY
R TUARBETS . T MMM AR LA &5 T3 BB S HAR
B RS BB E, A S RE KR
THREE.

(3) Az | A B I8 /9 O BT A Tl AR AR AY
TR EARG, KA 20 ZEM LRIE SR
B LU RA AR B AP 12 SERTAOE . WL,
ALHMABE —ENE R EROER,FERER
HEBTHENMOERT S, 1997) Bk (ME%,
1998) A& F# (Gl B 25, 2002) % Ho it 268 A T 4%
MEREATEEMNIE. ST AT MRARE 13
FETEILE BRATHE 5 30FHE .

WO EZTHE 60 ERFIEFARNOERM KB
BB KRR A o A AR B 4 - b A\ TARAB B9 Tl A AR £
AR Sy 8%, X FT RE 5 BT R B A 1) B AR Rad R B
X ARHEAB A A SRR KR L. AN, B BRI
MEAEMBEERK, HEIREIEHMEMK, EHXKY
BN LR R B R L, T L AR S K
H BT L, 7R3 B B K s B b, FRARBR AR S O K A b
MR, UGB TR LWkt R R AT,

G MM+ A EIR AR IR+ LB AR
SRR 7 3 HeAE B A AR B B HEL B S R A BB R
Aol S IEE MR RS L RIELE. BIRE
B AL AR A 1 % Fh B9 3T R 4R Ak L3R AE AR,
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BIFRBEZETARER, LRESER. KA
H DAL IR AR g 1 38 b £ B 9 40 7 7E R IR AE 1 BRI 9
M BE, L ARARTT BB XS L SR AE 1 B3 B A — RE R AR
JR 33 0, T SR {6 3 A O 2 3 X TR 4R B 9 4 S5 A i)
FHZ—.
TRESEHEBEN L RBEEANGR. RS
P R0 TEARE BB AT S S 2 AR A B BR
TR R R LR Sb , TEAE 3 18] B AT LA AT e,
B T AR H 0 T LA Cm 3 T ot £ AR AE B4R DL
MR RA R A AR E AT RO, T
) AFRER M LB E MM LI, A X FRH
HBEHRP EEFEH URRE MEZ RN 2K
Pa. MAMYMHNESEREHTR, LHEX
AR EELBEHRTRATR  FRER S
BHEY S LRI RR.
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