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Effects of mixing leaf litter from Pinus sylvestris var. mongolica and Larix

principis-rupprechtii with that of other trees on soil properties in the Loess Plateau
LI Qian',LIU Zengwen™> " ,MI Caihong

1 College of Forestry, Northwest Agriculture and Forestry University, Yangling 712100, China

2 College of Resources and Environment , Northwest Agriculiure and Forestry University, Yangling 712100, China

3 Key Laboratory of Plant Nutrition and the Agri—environment in Northwest China, Ministry of Agriculture, Yangling 712100, China

Abstract: Pinus sylvestris var. mongolica and Larix principis-rupprechtii are fast growing tree species and are resistant to
both cold and drought. Both species are commonly used for the afforesting of the Loess Plateau. As pure plantations of P.
sylvestris var. mongolica and L. principis-rupprechtii age, soil fertility declines, tree growth slows, and natural regeneration
ceases. These changes affect the productivity and sustainable management of local forests. Mixed-species plantations may be
an effective strategy for overcoming these problems. Knowledge about mixed-species leaf litter decomposition and its effect
on soil properties is important for evaluating interspecific relationships and compatibility in mixed forests. In this laboratory
study, leaf litter from P. sylvestris var. mongolica or L. principis-rupprechtii was mixed with leaf litter from other tree
species after grinding and then put into soil from an unvegetated area, incubated them to decompose for 120 days, after that
to determinate the number of soil microbes, activities of soil enzymes and nutrient content of soil, to analyze the effects of

leaf litter from different tree species decomposition on soil properties and the interaction (interactive promotion or inhibitory
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effect) between the litters decomposition. This laboratory study consisted of two parts. In the first part, leaf litter from 12
tree species (including P. sylvestris var. mongolica or L. principis-rupprechtii) was separately mixed into unvegetated soil to
decompose. The results showed that single-species leaf litter increased urease activity by 54% —110% , dehydrogenase
activity by 85% —288% , phosphatase activity by 81% —301% , soil organic matter by 29% —55% , and available N by
12% —49% . Single-species leaf litter had mixed effects on available P and cation exchange capacity (CEC). In the
second part of the study, leaf litter from 10 or 11 tree species was separately mixed with leaf litter from either P. sylvestris
var. mongolica or L. principis-rupprechtii and then added to the soil. Principal component analysis indicated that P.
sylvestris var. mongolica leaf litter was mixed with that of Betula platyphylla, Robinia pseudoacacia, Ulmus pumila,
Caragana microphylla, or L. rincipis-rupprechtii separately showed interactive promotion effects on soil, but P. sylvestris
var. mongolica leaf litter was mixed with that of Populus simonii, Hippophae rhamnoides, Amorpha fruticosa, Platycladus
orientalis, or Quercus liaotungensis separately showed interactive inhibitory effects. All the same, L. principis-rupprechtii
leaf litter was mixed with that of R. pseudoacacia, B. platyphylla, P. simonii, or A. fruticosa separately showed interactive
promotion effects on soil, whereas L. principis-rupprechiii leaf litter was mixed with that of C. microphylla, P. orientalis,

Q. liaotungensis, H. rhamnoides, Pinus tabulaeformis, or U. pumila separately showed interactive inhibitory effects.

Key Words: Pinus sylvestris var. mongolica; Larix principis-rupprechtii; leaf litter; mixed litter decomposition; forest soil
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PR bA v I B g 4 i 1 CEC 350802, 1T UL, A [ A o A % T BP0 i (5 R 22 8 398 A6 Wy b 2 P o
FRE et %t SEE AL P A CEC FSENT 25 8Kk

F1 FEBHE—HENSEI L EERORN

Table 1 Effects of single leaf litter decomposition of different trees on soil properties

T AN TRV A — A T 23 A LS B (. T,)
PR R The value of soil properties after single leaf litter decomposition
Character of soil Unvegel-  #FH4  J&RHEA by WU e R e OREE A Y & SR
ated soil - Pos.m. Lp. P.1. P.o. P.s. R p. B.p. Q.1 U.p. Hr. C.m. Af.

Y/ (108 chu/g) 5.04d  10.31d 35.19b¢ 3.17d  5.07d  3.28d  3.77d 3l.4lc  6.20d  5.64d 47.99b 76.83a  74.67a
M2/ (108 cfu/g) 4.93d  10.07d 34.84bc  2.83d  5.00d  2.94d  3.15d 31.27¢  5.88d  5.10d 47.85b 76.40a  74.09a
HEP/(10° cfu/g) 6.30c  11.96c  3.57¢  8.6lc 17.84c 79.76c 15.74c  5.88¢  1.47c  220.38h 1683.26a 7.l4c  8.40c
AT/ (100 cfu/g) 10.91c  23.30c  35.26bc 33.58bc  7.56c 34.42bc 62.13a  14.06c 32.53bc 53.52ab 12.38c  43.24b  58.35ab
MRS/ (mg/kg) 18.24d  29.99bc 33.18b  28.14c  38.09a 28.23¢ 32.51b 32.91b 32.15bc 32.96b 35.66ab 38.27a  33.45h
HEREREC/ (mL/g) 1.23¢  1.23¢  1.29b  1.28bc  1.30a  1.30a  1.29ab 1.29ab  1.27¢  1.29ab  1.25d  1.28bc  1.26cd
A EAH T/ (mL/g)  1.69ab  1.56b  1.44b  1.90a 1.72ab  1.80ab  1.51b  1.0c  1.90a  1.66b  1.65b 1.73ab  1.88ab
TS/ (mg/g) 0.21e  0.39d  0.52¢c  0.51c  0.40d  0.65bc 0.82a  0.50c  0.47¢c  0.75a  0.67b  0.55¢  0.82a
BARARE/ (mg/kg) 0.82g 1.78¢  1.67¢f  2.78b  1.70ef  1.59%f  2.73b  1.48f  1.75¢f  2.51c¢  2.08d  3.28a  2.94b
FEHHY/ (mg/kg) 1.07¢  1.10e  1.20c  1.08¢ 1.17ecd 1.22b¢ 1.15d  1.15d  1.13de  1.24b  1.19¢cd 1.13de  1.29a
ZEAMNEEY (mL/g) 6.06b  6.21b  7.77a  6.21b  7.84a  7.26ab 5.70b  5.99b  5.26b 6.72ab  7.37a  5.16b  6.21b
pH 7.80d  8.08h  7.52f 8.16b  8.94a  7.95¢ 7.74de  7.56e  7.66e  7.78d  7.71de  7.64e  8.18h
AR/ (g/kg) 24.09d 35.04b 36.16ab 33.77b 36.14ab 31.53¢ 33.44bc 37.32a 35.62ab 34.47b  31.09c  31.87c  36.69ab
A NS/ (mg/kg) 51.59¢ 57.79d  70.18b  59.81d 59.45d 65.53c¢ 75.42a 59.45d 59.93d 69.70bc 73.99ab 77.44a  73.5lab
B PY/ (mg/kg) 6.73f  6.53  4.18i 13.18c  5.55g  4.90h  16.05a 14.42b  7.38e  14.81b  4.64hi 10.25d  13.44c
B KB/ (mg/kg) 81.31c 145.34b 152.53ab 91.64c 139.53b 168.86ab 142.37h 159.92ab 125.40b 164.27ab 179.79a 150.34ab 170.49ab
CEC/(emol/kg) 15.08a  13.0lc  13.52¢  12.68c 12.20cd 14.73ab 12.68c 14.20b 15.26a 12.52¢ 13.69¢ 12.68c  11.40d

(DMicrobes, @Bacteria, @ Epiphyte, @ Actinomyces, & Urease, ©®Saccharase, (D Catalase, @ Dehydrogenase, (@ Phosphatase, (0Protease, D
Polyphenoloxidase, (2O0rganic matter, (3Alkalytic N, (Available P, (9Available K.

P. s. m: Pinus sylvestris var. Mongolica, L. p. : Larix principis-rupprechtii, P. t. : Pinus tabulaeformis, P. o. : Platycladus orientalis, P. s. : Populus
simonii, R. p. :Robinia pseudoacacia, B. p. :Betula platyphylla, Q. l. :Quercus liaotungensis, U. p. : Ulmus pumila, H. r. ; Hippophae rhamnoides, C. m. ;
Caragana microphylla, A. f. ;Amorpha fruticosa ; RIfTAN[F/NE FR:F 7R 22 5 1.3 (P<0.05)
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BT AR 73 015 9 AR S5 10 RRIAL 7 R & o0 e LS A SEINE T, BB T P, ORI
(A% ) W2, 2 ATUL RETAR S50 5 OAE RN Ak 7 TR 5 o0 ik i SRR A 0 i e Tt (P
G0, TS A N R LR R TR SRR I R S 0 e M Bl A W e A
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RIBE GLAKE | A AT S R A 0 - SRR PR G A (14 52 ) A A AR PR e A T 145 Pk v TR 20 i A X
T R I P P R M) PR A A A LA R A

TR 5 AN RN U P MR A5 0 A FE XS 1 pH (EL A HILBORIBE 580 ( FIHE 42. 68 % BRA1) B2 Hh JG
RANEAR BB AR 505 T A IR | AR 9 R S 0 R S R PR S A A LA AR
FH TS AR 2SS R A v R S 0 AR R 1 AR P RN A AR AR TR 0]
BRI S RERAG V& R 5 0 A X - AL KA S v A7 A AR A2 HEARE T, 10055 MG v TR 5 2 Ak A X 3
2K BRI P A AR A A 0 ) S5 9 A AR R AR v IR S 0 XS 3 CEC fY5E
Wi R A AEAR B AR ZEAR T 055 AR A 7 PSR 5 20 ik A LA EL A 1 1
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Table 2 Increment ratio of the true value (7') compare to the predicted value ( P) of soil properties after Pinus sylvestris var. mongolica with

other species litter mixed decomposition (% )

LA S B 2R

A+ T The litter types of mixing with Pinus sylvestris var. mongolica
Character of soil AN Mk ANUE ] IR (S LARER Sk} T Frok STEAL
L. p. P. o. P.s. R. p. B. p. 0.1 U. p. H.r. C. m. Af
A4/ (108 cfu/g) -77.35  143.19  -30.26  454.07  -48.22  -53.88  -42.74  -34.09  203.36 -80.13
TH/ (10° cfu/g) -79.16  147.91  -32.26  484.13  -49.24  -52.63  -45.50  -34.78  203.88 -81.05
BH/(10° cfu/g) -43.24  407.04  -80.32 -22.73  215.29  -71.88  -85.91  -52.95 2119.78  217.53
FLR R/ (10 cfu/g) 61.29  -87.76 14.91  -11.06 64.04  -89.47 12.02 80. 00 134.70 14.65
JR B/ (mg/kg) -7.05 -8.99 -8.58 -2.16 14.24  -12.75 7.01 -1.99 4.75 8.73
HEMERG/ (mL/g) -2.90 -1.16 -1.11 -0.83 -1.44 2.68 6.10 1.13 6.99 0.02
AL A BE/ (mL/g) 30.96 15.26 0.99 8.39 37.86 5.26 0.67 0.99 21.81 5.78
WA/ (mg/g) 20.58 37.68 -2.14 30.45 41.64 9.82 39.96 22.72 11.29 25.96
WAL/ (mg/kg) 11.26 -5.48 -8.97 52.57 5.76 22.20 28.06  -16.38 1.24 18.63
A/ (mg/kg) -1.47 2.44 -5.67 -5.42 3.11 9.82 1.03 -1.93 -1.58  -10.42
Z WAL/ (mL/g) -12.73  -11.63 -6.20 4.27 11.31 4.43 1.12 -9.09 18.21  -15.79
pH 4.15 -9.13 0.44 -0.97 -1.24 3.34 -0.80 2.13 -2.31 -3.67
HOUF/ (g/ke) 4.38 0.60 -1.28 8.98 3.67 -5.94 -0.69 -0.83 -2.47  -6.18
WA N/ (mg/kg) 10. 34 -3.05 -2.42 5.72 42.68 4.66 14.21 -1.54 -0.26 5.90
AL P/ (mg/kg) 152.06  -14.56 13.11 30.60  -42.63 -7.97 25.96 -6.42  -19.04 -55.48
B K/ (mg/kg) -4.41 11.18 8.36 21.65  -16.00 -3.23 12.89 13.18 4.27 15.58
CEC/ (cmol/kg) 20.56 16.83 -1.33 6.52  -17.32  -11.45 22.45 -4.98 -2.55 -0.12
SGHEEMEF

0.027 -0.209 0.44 0.788 1.081 -0.197 0.538 -0.683 0.294  -0.634

Principal component value F

W T 5 AR oA 9% T A 20 SR SR 90 S (A M A 4 1o SR AT T o AT, A R 25
F L5 PREL
F=0.263F,+0.209F,+0. 172F,+0. 126 F,+0. 091 F, (1)
FRAEA (1) 15 AR A8 5 2R FIRG I R G o o0 - S8 B ma i 25 & ERME F(£ 2) . BILA]
U ERATR B85 5 5 ke RIRE | T e 25 % i WA v TR G e o) B8 1k Jo 1 52 i) rh A7 A AH
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SEHEAE I, -5 /N4 V0 IR . 5 REA AR 1 R AR A v 4R 5 20 i A X S P8 T ) 52 i w7 A T
TEH.
2.3 PR AR IRV R A T R IR R

i IE A AR ol ¢ YR 5 2 ik i 98P T ) S0 A T 1L PO 42 v SR (A% ) L3R 3, i Rl L, v
R R -5 HRRAG V% R 5 20 5 LSRR MR B B ob , 205 5 Al A 9% R 5 2 5 LSRR E Mo
P AR, W 9 - AN [RDAR oA 5 PR 5 2 A 0Tt AR A 0 s i o 7 A A VR

[RIAE T IR 3115 /N Ay BRI MR 5 TR 20 8 0T - SRR T 075 P ) B2 iy v A7 A AR B AR AR
-5 47 26 M v MR G AT AE A ELAN RV 9 A -5 AR TR Aol il v YR 45 0 e 0 06 - S8 JREWH I R 2 1 T
W PER R OGS AR AR o A5 20 50 /N A IR L 1R R SRR A X e S Ak S P A 5 )
, HLIE RS RSBl (IR 17. 38% BRAI) Al 18 45 0 i A X 98 i Sl 15 1k A S iy o, DA 2 v A
-5 OUAA AR LARER | AR R SRR AE X - SR RAR R 15 1 2 o o A A AR T AR A P, A AR AN .
i I SRS 7 T 5 R X~ 8 2 I AU TR P PO 2 M) P A7 A AR EL AR A T 2053105 e R R DA AR
Vi I 0 38 2 Wy S A8 S R A AR LA

AN FIZERIFE RSV R S 0 3 pH (RN ETC I AR 1l . 9% R 23301 55 /1N A7 A
HHIRA T A HUB A, HLys AR5 ERr kG v TR G 2 i 7 XS B N RSS2
9155 A D R 75 PR 45 7 ) L SRS K B e T AR A AR LA AR T, AR R B, e 7%
R S S A N AT L ARKR U 25 T 55 R 7 i ik A 6T - B SEE A P 1) 2 W) PR AT A A EL AR A
FH TS5 B AN ZR AR A AEAR E ARV E T, 9% iR AL A v it AT 88 CEC B8 Hh A FE AR
RPERT, A TC W A

F3 EHRSHEMHFBETESSBRETEERINET) ZHTMNEP) HIREE A%
Table 3 Increment ratio of the true value (7)) compare to the predicted value ( P) of soil properties after Larix principis-rupprechtii with other

species litter mixed decomposition (% )

S MRS B TR 25T

- B R The litter types of mixing with Larix principis-rupprechtii
Character of soil TR i AN R FIHE IR AR SFi) iy Frdk AR
P.1. P.o. P.s. R. p. B. p. Q.1 U.p. H.r. C.m. Af

WEY/ (10° cfu/g) -75.95  -94.28  -78.92  81.70 -53.17  -84.22  -83.03 -9.95  -75.43 -89.52
A/ (10° cfu/g) -79.5 -96.00  -81.56  83.43 -53.65 -85.15 -85.50 -10.66  -76.60 —90.44
HH/(10° cfu/g) 451.72  115.69  -78.34 8.70 153.33  -16.67  -95.69  -76.11 103.92  107.02
W H/ (108 cfu/g) 118.29 65.69 63.86 14.22 11.49  -28.17 28.13  114.98 91.44 17.49
JIRAE/ (mg/ke) 8.07 8.40 16.63  42.96 19.88 2.69 8.78  -9.22  -18.20 4.73
HEVERE/ (ml/g) 2.28 -1.18 3.55 2.10 -0.29 2.03 -5.47 2.44 -6.02 2.33
TE AR (mL/g) -14.74 9.85 18.34 22.22 61.09 -7.88 -1.72  -14.42 6.56 15.26
Ji S (me/g) -17.38 30.12 18.05  41.16 45.99 10.92 12.88 21.21 31.38  26.32
WRREE/ (mg/kg) -8.59 23.22 10.98  33.10 0.34 22.55 23.76 3.37 3.54  51.76
EAM (mg/ke) -2.65 -9.85 -9.37 6.24 4.22 0.30 -0.80 -12.10  -11.19 0.72
Z W AALE/ (ml/g) -22.08  -18.60  -10.63 18.60 6.07 -6.96 2.76 7.91 -10. 11 14.81
pH 3.27 -3.44 4.51 1.57 3.54 12.87 1.48  -1.29 2.84  -3.46
HHLF/ (g/kg) -1.81 1.81 19.47 3.27 22.48 0.37 12.29 -0.42 11.93 5.57
A N/ (mg/kg) -3.76 -0.18 -0.79 4.09 2.57 7.69 20.10 -12.98 -4.92 7.96
R P/ (mg/kg) -41.29  150.60 71.02  —66.36 4.55 19.73  -29.17  253.31 107.04  49.56
B K/ (mg/kg) 23.75 -3.43 13.47 12.44 -2.31 -1.54 -6.48 17.25 -2.14  -0.13
CEC/ (emol/kg) -15.3 9.12 -6.68 0.61 -1.25 2.35 1.24 4.42 7.10 5.77
G e EMIHE F -0.371  -0.719 0.193 1.772 1.095  -0.415  -0.354 -0.414  -0.931 0.143

Principal component value F
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N T A 55 AR A 5 YR 0 A BB T 1) S A T P B 1 8B AT R AT 1R 2R G
F=0.322F,+0.239F,+0. 168 F,+0. 139F, (2)

HRAE A (2) 15 H P& A5 4R Tty Ve YR 5 0 A 0T - SR B 5% I ) 255 E A E (3R 3) o Ft T
U ERATR , B A o0 501 S5 R | e /NI A% RS RS 7 W YR 45 2 it e X B8 5 1) 52 il v A2 6 A LA
HEVEF 54745 MUAA D ZR AR U0 R T s R A A R TR B a3 R A R SR BT ) 5 e e A A A LA
ER,
3 iFig

iva MR A 3 R 133 PE B VR LR — RO R 2 it B8 Y PR [l A v i 5 IR G R fe , 14
A= A 2 e o 2 A T R TBUE  TTAX R fidk A08 0y A B — Al Y et o - S8 S P 4% 7 B8 o T 42
I A RR P TR AR IS IR o SRS AE"0 8 A & X R A MBS 1) 5 M R0 A
P INTHRIFNBA 35 5200 MR 5 A v i B i S SR RO R AR OC o AR SCEE R R AR TR 43 ) A,
BTty 9 TR G 3 A R 0T A LIS ) 2 el v JE Y A T 5 % A 00 5 /N A% R A 7 TR 5 03 A e T
T A HUBT RS A E AR EAR T B S ARG 5 VR RSB . A V&Y A DL 2Ok IR (HER
Tl ve Ut e 2 IR LB, DRI TS INAS V& 0 DT A S 2 14 I 3 LB, T 75 185 I L 38 AL o B
P AT 0 oA R - e AT A 0

ARG R AR TFHA 5051 5 e IR | T A7 55 Rl V& TR G 20 i 0 0T - S5 B 1) 52 ) AE A
AHEAE AR AR 4853 501 5 /N A% R SRR A R L AR B 7 TR G 0 A 0 XoF 1 Sk I3 5 i v £
TEAHEAMEIENT . B A ILG P BE A2 KA AN R G T R G 7E— I, i T4 A M 7 i & 8 Sl &
HEAME , AR E SR R RUE D T A R EREE , (A Py B 3 MR S5 S0 i 52 35 , 1
U B 0 22 G SO T & 0 00 M 20 o 3% B B RN S R B IR B O A0 T R R S Y ek
2, 2 M AR B B3R . 2 A AR U O T8 s R EL AL A oo ity Y YR 5 2 ik (R 520 DL B F 5
T BT S | U R B R T VR S A0y e B Y R TR A AR R SRR R K
TR RE S, DBk A | X SR SCEE ARG, e Ah, B0 T AR RS A A RE IO R A AR
TR i S 2, A AT IS KR BA SCAR AR A8 5 /N A A Vi TR 0 e A% - SV T 1) 5 i
HAEAEAR B RIAVE T, W] RS R A AR SO A A v TR & 20 B - Bk AE B FH i e, HLE 5 b3 5 4 4
FIUA R B

T R 5 AN R Rty 2 TR G 3 A S 25 SR SR T, 5 i 43 ) S5 R | T ARE /N A R SR R Vi R
ST - S T ) 5 e AR AR AR AR D 43 S A% A L ARAR VDB SR A R A v IR S
FEAE R A S PE T 05 e v AEAE AR BRI o SRR 5 S A A [ AR, & i 5 [ A R A S R B 5
oM AR S B BE b 38 3R FR 0 A i, WA RER R T R RO IEY . TEEER R,
75 T I HETR SE AR - 85 53 T 15 4 BSORN R AR 880 240 v T LAt 7 I A SRR 9% A TR TR SR . RS
SR A SRR AR A TS AAR NG RIS L R 2 A R AR A R VR W R AR 3 00 i RO AE R
TR T A& Y B SRR I BORIA IR | & AR 145 DU B A AT ER AN 450, DR AR SO iSOGV A T4k
ARIEAT N 355 R A R I ptE /N A RS R ) 2 ABRG) | A3 it 95 00 ) AL 4 4, (2 8 3 ) B 1Y)
RAEVGER , G it N TR M ) 3R

T LR R A TR IR R S A V& i 5 RHER G T = IR G0 il ss , H i 2k vs it ie 5 +
SR A N S, BLPRUE T AR08 2 i A 25 A, 6 FROOR 5 IR S TRt 9 i1 B AR IR LA i 25 55 (H
HAEMW AR EESZMAE, MO, BTG o3 0T T 3 5T i) 52w S AR Ao (] AR EL AR FH AT g I 2%
PRIMR B A (L4805 REE K53 MIE 55 ) 5 0 22 S i & 2R AR Ak DRIkt o 7 283 ok B A/ ) 3 - DA kb
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