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Abstract; Long-term growth or continued planting of pure forests which composed of one single species would cause soil
humus differentiation both in content and composition, so studying the characteristics of humus differentiation and its
correlation with other soil properties may provide scientific basis for the management and reformation of pure forests. In this
study, 8 typical pure forest soils in Nanniwan forest station ( which located at the semi-arid loess hill area) were sampled
from 24 plots and their humus and other soil properties were measured systematically. The results showed that; (1) the soil
from Platycladus orientalis forest had the highest humus content (34.61 g/kg) but moderate humification degree and
stability; the soils from Ulmus pumila and Betula platyphylla had moderate humus content ( 19.69—23.58 g/kg) but
highest humification degree and stability; the soils from Acer ginnala and Populus simonii forests had both moderate humus
content (20.59—22.53 ¢/kg) and composition; the soils from Pinus tabulaeformis, Hippophae rhamnoides and Robinia
pseudoacia forests had both low humus content ( 11.77—13.81 g/kg) and lowest humification degree and stability. (2)
According to correlation analysis among humus content and other soil properties, humic acid had significant ( P<0.05)
positive interaction with CEC, N (total and available N), microbe biomass and protease activity ( correlation coefficient
0.769—0.926, the same below) , but significant negative with available Cu (—=0.793) ; fulvic acid had significant positive
interaction with N, CEC, microbe biomass, sucrase and phosphatase activities (0.836—0.955), but significant negative
with available Cu (—0.822) ; humin had significant positive interaction with N, CEC, microbe biomass and phosphatase
activity and available Zn (0.766—0.951) , but significant negative with dehydrogenase activity (—0.784). (3) According
to correlation analysis among humus composition and other soil properties, no significant correlation ( P>0.05) among
humus composition and other soil properties was observed. However, the ratio of humic acid/total humus acid would be
enhanced by protease, sucrase and peroxidase to some extent, but restrained by dehydrogenase; the ratio of humic acid/
fulvic acid would be enhanced by available K, CEC and urease to some extent, but restrained by dehydrogenase. (4) In
general , humus content had more observable correlation with other soil properties than humus composition Increasing N
fertilize and increasing K fertilize were helpful for the improvement of humus content and composition, respectively. Forming
mixed forests or increasing the undergrowth was the essential measure to promote the soil humification process and to solve

the problem of soil degradation.

Key Words: pure forest; humus; differentiation characteristic; soil properties
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DA AL B e Jt b R A 2 T 5 B X A RE 22 g PR VS AR S A AR S TR 900—1 400 m, AF 1l
8.5—9.5 C, JTLHG M 165—190 d, FF/K &2 520—550 mm, FRMAEHELLN AN 32, Ay D B KRR WA MK, £
R Ba £, AU AR T AR (R e ) i) ( BASREE BI3 ) IR (15—25°) S8 ar i 2%
PEIEAARML AR EE R T 0.85 RZE A THLAY 2 3t BAT ML BUFCRMERY 8 A [RIAS R SR SliAk (R 1) . AT
FEAE B EE LA T 5 Carex rigescens VKHL Agropyron cristatum 18 2E Aremisia 25 EAKHY N £, DA A BB
¥ Lonicera standishii (A= T Elaeagnus umbellate LERER  H REEER/NT 15%,

F1 TEREMMRSTEHERRKR

Table 1 Introduction of forests for soil collection

i Hhi/a Ty () 42/ em 75/ m YR/ (Vhm?)
Tree species Age Diameter at breast ( ground) height Height Litter accumulation
A P. tabulaeformis 30 12.71 9.50 4.08
WA P. orientalis 29 20.24 8.00 1.85
FIE R. pseudoacia 22 11.14 6.30 4.65
INAG P, simonii 23 13.42 12.90 0.65
FI#E B. plaryphylla 20 15.79 8.60 1.25
F#ii U. pumila 29 41.20 14.00 1.01
HEMEA. ginnala 20 9.22 5.60 0.05
YPRE H. rhamnoides 20 9.56 5.00 0.11

BARRAEITH N 3 5 A S R A AR 7 3 B 20 mx20 m AOFRMEND (i1 8 M 24 HebrifEsh) |
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PSR 2R B4 - VR SR R0 G I TR G PR ) N, S, O, 30 52 360 52 5 i S8 Ak &S 1R KMinO, 1% 72
PRI RE 5 3 A P A T R P 78 R T2 0 A 5 UK P = S DU e S Ak g L € 0 T 5 e G AT R R R
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g DU AR 8 0 25 e i (7.91 g/kg) |, HAROA FA A
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S ] b e N LTSI AN ] 4540 Dk
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' _ e >y \ i —
f@a(msj 7.06 g/kg);—ﬂiﬂ\jﬂ{ﬁﬂﬁ FIETHE (4.90—5.41 B1 LRERES B
g/kg) \@ﬁm*uﬁ“ﬁiﬁﬂi{&(432_458 g/kg) ,Eﬂﬁi% Fig.1 Properties of soil humus contents
Fri DU AR b 143 55 35 B s (14.52 g/kg) , LUK/ W Humic acid; & FERR Fulvie acid; 515 3% Humin; 8 5
It ;Fu;'/"\:/k‘ " 1118_1172 /k , ‘{/—» A A\ﬂzn ia Humic aCidS;FB%‘&EE& Humus. 2. *TEW%EJ:]JE‘JKEJ?H‘?%
TR AR 1172 ¢/ke) ﬁj\ﬁm@i Eﬁ“ T M A LA 5 TR 3 B P
<9 17—9.71 g/kg ) ’ Y//I\ ﬁﬂi > {EE FA ﬂ:ﬂ EEIJ *% L1 O /ﬂE‘E tabulaeformis ; M ¥1 P. orientalis; ¥ ¥ R. pseudoacia; /N 45 P.
(5 07—¢6. 22 g/kg) ° simonii ; FA¥E B. platyphylla ; AR U. pumila; 2550 A. ginnala ; 70k
Vi S A R LA 5 PR D68 B8R T o L LA e rhemnoides.
WL B MERR LU Rk e (18 2) o &SR3 B, W]

JETE R4 B

Content of humus components/(g/kg)
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Table 2 Biological properties of soil from different forests
i e ww L ELUZC T PR Eri
Tree species biomace (. Urease/ Sucrase/ Catalase/ Peroxidate/  Dehydrogenase/  Phosphatase/ Protease/
(me/kg) (mg/kg) (ml/g) (ml/g) (ml/kg) (ne/g) (mg/kg) (mg/g)
L P.tabulaeformis 49.82(2.10)e  39.79(1.73)efl 3.29(0.11)be  2.22(0.11)a  3.99(1.05)b  107.68(4.34)c 0.24(0.02)de  0.08(0.00)d
A P. orientalis 120.4(5.36)a  43.23(1.70)de 5.00(0.58)a  2.28(0.14)a  3.48(0.16)bc  46.01(1.45)e 0.63(0.02)a 0.24(0.01)b
ML R. pseudoacia 38.11(1.16)f  4827(1.94)b  2.16(0.07)d  2.25(0.07)a  4.98(0.19)a 120.99(5.16)b 0.25(0.01)de  0.13(0.00)¢
/N P, simonii 81.70(5.19)b  37.91(1.58)f  3.78(0.16)b  2.28(0.11)a  3.68(0.11)bec  70.91(3.06)d 0.42(0.04)b 0.10(0.02) cd
F#E B. platyphylla 80.89(4.02)b  44.50(1.94)be 2.91(0.10)c  2.29(0.16)a  3.98(0.20)b  71.94(2.91)d 0.32(0.02)¢ 0.31(0.02)a
E#i U. pumila 58.13(1.30)d  55.16(1.94)a 2.00(0.12)d  2.27(0.07)a  2.49(0.13)d  39.70(2.20)e 0.22(0.02)e 0.08(0.00)d
KA A, ginnala 72.78(3.09)¢  47.62(1.81)be 2.86(0.14)c  2.32(0.06)a  3.49(0.17)bc  43.91(1.91)e 0.47(0.03)b 0.07(0.01)d
U H. thamnoides 41.62(1.75)f  39.72(1.49)efl  3.30(0.10)be  2.26(0.10)a  2.99(0.08)cd 160.23(8.05)a 0.28(0.02)cd  0.07(0.00)d
RHEHFR T EBRER) 5 FFDORR TR A B2 5
£3 FAHRIEEERSESHMEYEERNBXRE(n=24)
Table 3 Correlation coefficients of soil humus with other biological properties
. N}H*zgcm W AR WEN SN RN B
Soil properties biomass C/ Urease/ Sucrase/ Catalase/ Peroxidate/  Dehydrogenase/  Phosphatase/ Protease/
(me/ke) (mg/kg) (ml/g) (ml/g) (ml/kg) (re/g) (mg/kg) (mg/g)
RS T A i
B C o/ke 0.828* 0.227 0.396 0.382 -0.218 -0.703 0.515 0.768 *
EHER C g/kg 0.955** -0.191 0.836 ** 0.354 -0.070 -0.529 0.895** 0.609
I C o/kg 0.951** -0.032 0.645 0.677 -0.327 -0.784 * 0.877** 0.396
T TR A
T C/IBFER C/% 0.322 0.538 -0.194 0.106 -0.099 -0.517 -0.095 0.638
HIIR ¢/ Bk C 0.241 0.632 -0.320 0.220 -0.328 -0.592 -0.161 0.410

JE W& Humus contents (S8R Humic acid ; 5 MERR Fulvic acid; & Humin; JEFER2 Humic acids; 78 Humus)

C/J58 % C Humic acid carbon/Humus carbon; (A2 C/ & MEAZ C Humic acid carbon/Fulvic acid carbon) ; # P<0.05, # * P<0.01

2.3 AR AE S A MU SC R
BB B IR i SR PR AL [ R S A A S R B DTG . O T IRIPE R R X
FURRAE S HA AL A P T (3 4) Z I AR LG 2R SR BE T A SC T (K 5)

R4 TR T LR

Table 4 Chemical properties of soil from different forests

JEEFE IS4 B Humus composition ( HR

14 R AR - S S

BT AR M e
it N B N B P K gﬂfﬁ‘*f%f
Tree species pH Total N/ Available N/ Available P/ Available K/ capacity ( CEC)/

(/ke) (mg/kg) (mg/kg) (m/ke) 00
AR P. tabulaeformis 7.95(0.02)c 1.34(0.07) ef 84.15(4.68)f 11.52(0.45)d 112.85(5.88) cd 15.01(0.24)e
MIF P. orientalis 7.80(0.03)d 2.99(0.13)a 229.43(14.57)a  18.10(1.05)b 115.81(7.76) cd 25.68(1.63)a
JIH R. pseudoacia 7.99(0.02) be 1.32(0.03)f 94.51(4.22) ef 5.85(0.48)f 77.80(4.43)e 12.37(0.91)f
INHAG P, simonii 7.94(0.04)c 2.13(0.12)b 149.01(7.00) ¢ 12.92(0.66) ¢ 135.83(6.57)b 18.46(0.77)c
HHE B. platyphylla 8.15(0.06) a 2.13(0.06) b 192.40(10.33)b 20.82(0.89)a 475.96(26.03) a 22.28(1.82)b
HHi U. pumila 7.98(0.01) be 1.77(0.09)d 126.55(6.87)d 4.50(0.32)¢g 125.24(7.06) bed 18.06(0.78) cd
LW A, ginnala 8.01(0.02) ¢ 1.95(0.08)c  130.68(8.81)d 5.45(0.19)fz  131.47(6.21) be 16.50(0.81) de
YOI H. rhamnoides 7.96(0.03) be 1.49(0.10) e 108.30(4.91)e 7.12(0.28)f 110.99(4.15)d 15.52(0.65) e
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Table 5 Correlation coefficients of soil humus with other chemical properties

2N A% N frep HAL K

Sioiiﬁjiirties pH Total N/ Available N/ Available P/ Available K/ (mgfl(é)/()g)
(g/kg) (mg/kg) (mg/kg) (mg/kg)

B C o/kg -0.109 0.844 " 0.906 ** 0.681 0.485 0.926**

MR C g/kg -0.522 0.944 ** 0.888 " 0.686 0.133 0.881**

HAE C g/kg -0.364 0.950 ** 0.849** 0.484 0.151 0.836**

5 58 SR

AR C/ ST C/ % 0.285 0.344 0.498 0.407 0.567 0.528

HAMHmR ¢/ BHERR C 0.321 0.276 0.390 0.198 0.484 0.438

RO | W MR A R 5 B B B IE A SCAE AR PR CEC i N A4 N pH {E5 3 M5
Ao i) F BRI BB ARSI R s ] L, ISR A5 2L 0 IR S 3 N3 A A 2 A AR R AR
H, REIE B0 TR DRACRE T (B A S Bt M IR A 1 3

A 55 B AR ) A DG P R R R ) W 2 K AR A T RO AT A T Y A R T R e R
B FEL 5T LU (E R e WA ABORR /e MR LU (R A HE AR U R T K (CEC FIBRA% N3 B4 A9 1 98 SR il L 3% pHL (L
W BA —E M IEARSRIE AR . AT UL B 5H TR B B8 TR 0 (A A — o (9 RH B AR 1 T T 05 e ) T Ay
] BRI I B B R A
2.4 FRAR IR FORAE S RO LR A R R T

AR B8 B o 5 e S A S SR T R R (3R 6) OGS ASE A R T (KR 7) -

5 R R i R 15 i B 0 3 SRR S B B A 2K Cu, S IHIGR % B 2 W IE AR SC YR AR N AT 2K Zn,
BEAh AR Cu 5 i S WIEER & i S R B — 52 A DURISE T AR Zn 75 45 DU 5 Y0 R g PR 5 1 S —
IEAHSER AR . ML aR W, SR T RE £ e 3 Zn AOAT PR M RAEAR Cu IO R0HE

TR 0 38 5 M L R FRCARFAIE 19 5 BB OR 3K B 28 KT, HE P B A R 48 e T A/ 8 o LA A 8
B Zn, THE AT RIK R4 Fe A% Mn FIAEL Cu, BN FI T35 AR/ 5 WERR LU M A9 45 b A 3%
Zn VBRI EZA R Mn 42 Fe FIARL Cu, R TIEH Zn M35 YRR AN Zn AR 525 T
REAT M) T JE 980 o L A e B )8 o AN PE OB, 1T Fe 9RO Cu M A5 PE B2 o WUUAR B

PO ER S B RAR U O R A W~ P o 5 T B o 45 2 5 SR R 0 A R EL A P S R i, 3
ARIBEN I F K-, HA I IE PR AR 2 2%, Xl -5 AN R R DU R A B R R A L P oA 5

®6 FAEMHMMEBTZLE

Table 6 Microelements content of soil from different forests

- 4 Cu ﬁ A Cu 4 7n ﬁ M Zn 4 Fe ﬁ;ﬁ Fe 4 Mn ﬁ;ﬁ Mn
Tree species Total Cu/  Available Cu/  Total Zn/  Available Zn/  Total Fe/  Available Fe/  Total Mn/ Available Mn/
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
S P. tabulaformis 30.77(1.65)be  0.59(0.02)c  48.10(2.53)c  2.08(0.08)e  31.68(0.36)b 12.79(0.75)a 89.43(5.36)bc  9.33(0.29)b
MF1 P. orientalis 44.21(2.16)a  0.39(0.03)e 55.25(2.89)ab 3.42(0.06)ab 30.17(1.19)b  11.18(0.38)c  85.44(3.88)c 4.70(0.14)f
HIBL R. pseudoacia 45.14(2.68)a  0.69(0.06)ab 56.81(3.32)ab 2.75(0.16)c  31.22(1.37)b  4.99(0.36)f 89.76(5.13)be  7.69(0.36)d
INHAG P, simonii 28.41(1.32)c  0.70(0.02)a 52.54(2.18)bc  3.16(0.16)b  32.10(1.78)b 12.41(0.54)ab 92.01(4.86)abc  12.82(0.60)a
14 B. platyphylla 20.66(1.20)d  0.50(0.02)d  48.01(2.51)c  3.43(0.12)a  31.37(1.18)b  4.16(0.18)f 89.63(4.79)bec  5.97(0.36)e
Fifiy U. pumila 43.06(3.22)a  0.63(0.02)bc  57.52(2.69)a 2.42(0.21)d  30.94(1.27)b 11.83(0.62)bc 93.84(4.63)ab 6.35(0.28)e
KA A. ginnala 32.46(1.57)b  0.68(0.05)ab 55.64(2.91)ab 3.17(0.23)ab 34.22(1.08)a  6.74(0.42)e 100.21(5.52)a  8.42(0.44)c
YOI H. rhamnoides 41.71(3.16)a  0.66(0.05)ab 54.41(2.20)ab 2.19(0.12)de 31.29(1.02)b  7.71(0.40)d  87.05(3.74)hc 7.49(0.43)d
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Table 7 Correlation coefficients among soil humus properties and microelements content

R 4 Cu A3 Cu 4 7n HR In 4 Fe AR Fe 4 Mn A% Mn
Soil propertics Total Cu/  Available Cu/  Total Zn/  Available Zn/  Total Fe/  Available Fe/  Total Mn/ Available Mn/
(mg/kg) (mg/ke) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
RS T i
TR C o/ke -0.112 -0.793 * -0.049 0.671 -0.456 0.101 -0.220 -0.526
FEHERR C o/kg 0.004 -0.822* -0.043 0.683 -0.281 0.208 -0.312 -0.375
HIHE C /kg -0.141 -0.514 0.103 0.766 * 0.036 0.273 0.117 -0.122
TR TR
BRI C/ 5% C/% -0.109 -0.485 -0.054 0.343 -0.51 -0.060 -0.132 -0.497
HER C/ Bk C -0.106 -0.275 0.072 0.257 -0.350 0.032 0.096 -0.367
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