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Impact of different control measures on leaf litter chemical quality dynamic and

its relations with decomposition rate under the pure Pinus massoniana forest
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Abstract: The slow decomposition rate of Pinus massoniana litter is an important problem that results in the nutrient
imbalance of soil of P. massoniana forests. Accelerating the nutrient return rate to soil is considered to be an efficient
measure to maintain the stability of soil productivity and sustainable management. The aim of this study was to observe the
chemical quality change of litter and decomposition rate by altering the decomposition conditions and to assess the effect of
different additives on the decomposition rate of P. massoniana litter in field. The regulation factors were microbial inoculants
(fungus 1 or microorganisms 1 or microorganisms 2) , surface-active agents( Tween 80 or OP-10), carbon and different
forms of nitrogen nutrient solution ( NaNO, or urea or NH, Cl) and organic fertilizer ( chicken manure or oil cake). The
experiment was designed using the orthogonal test method of L,(3*). The results indicated that the decomposition rate of P.

massoniana litter was influenced significantly by organic fertilizer and microbial inoculants and was fastest under the
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combined treatment of microorganisms 2 and chicken manure. Under natural conditions, nitrogen and phosphorus would be
relatively concentrated in the debris, whereas the ratios of C/N, C/P, lignin/N (L/N) and lignin/P (L/P) would
decrease with the decomposition process; this is helpful in terms of accelerating the decomposition rate. Based on this
principle, additives could speed up this process according to this principle. The effects of the different additives varied
considerably. After the addition of organic fertilizer, the concentrations of nitrogen and phosphorous were raised, and the
ratios of C/N, C/P, lignin/N (L/N) and lignin/P (L/P) were reduced. The addition of microbial inoculants resulted in
lower C/P and L/P ratios; surface-active agents could help lower the L/N ratio of debris. The litter decomposition rate in
all control treatments positively correlated with N concentration and negatively with the C/N ratio, and the leaf litter
decomposition rate was not obviously related to its P content, L/N ratio, C/P ratio, and L/P ratio. Under artificial control,
the decomposition rate can be affected by changing the litter chemical quality; the N content and C/N ratio were the main
factors involved in regulating litter decomposition. The results of the study will provide the theoretical basis and technical

support for P. massoniana forest resource management.

Key Words: different control measures; decomposition; litter chemical quality; Pinus massoniana
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TG T FHAA L A AR % AR T 5N e BUbRI [R]— J Eh AR R e bk, K WSO 1) SR B [ S 3
SRR Bz FEARIM: 7 25261, Ok B AP S8 BRI RS BORA B . RN BHHT B R K DR vhiske , 3 /K5 T
50°C HEAE LT B B AR5
1.3 kgt ok

BT S 1 A R AN U 7 v A 1 R ER SR Lo (3%) IEAC I, SRR TR0 (A) (R IR MR (B) |
BECE TR (C) FIAPLILEN(D) 4 DIRER R B R B 3 AR IESRR BT« 1,

x1 RBEEHSBEILEET
Table 1 Orthogonal test design of leaf litter decomposition

BREETFR(C)

Eoasg B (A) R (B) , HHUEE (D) Ay
Test number Microbial inoculants Surface active agent Ca:rhor.l and nltr.ogen Organic fertilizer Test combination
nutrient solution

1 L(F 1) L(ARAEHE) 1(NaNO5) LRV A,B,C,D,

2 ](%l_ 1) 2(Tween 80) Z(E{?) 2(xﬁ,§'§) AB,C,D,

3 1(# 1) 3(0P-10) 3(NH,CI) 33 A,B;C;D;

4 2B AR 1) L(AAbFR) 2(JR%) 3(3M) A,B,C,D,

5 2(JE R 1) 2(Tween 80) 3(NH,Cl) LRI A,B,C;D,

6 2(JE A 1) 3(0P-10) 1(NaNO3) 2( X ) A,B,C,D,

7 3RS 2) 1(FAbFL) 3(NH,C) 2(43) A3B,C;D,

8 3B 2) 2(Tween 80) 1(NaNO;) 3CHhA) A3B,C, D,

9 3(JE AR 2) 3(0P-10) 2(JRE) TEIID) A3B;C,D,

4 P R W B R ) A L SR BT R A0 T U E RIS Y i R B S 5 R R MR
[FEIFPSE DI RERY R ) (B 1 IR R KB ( Purpureocillium lilacinum ) | 73 B 2640 F 5 BT A B I5 1 )2 5 8
F LR INEOTAE DR A BR S ) AR 77 1 RLEF AERE A 5 I ) 2 S At iE AR AR BB A BRA W S i
R MR G TURBEERD ) LIRS A R R T B T L AN SR E 100% TR0, JE AR 1 RN A 2 4%
PAETEE 50% V8N FAEE A 00 i, 2 TS 1 5 ELAT A Ak I I 1) T 3k, SR 2 TS #4771 ( Tween 80 FiT OP-
10) AR5 v, DA DR L 550 23 5 Ach By 0k g T e 2 T o R B o) R By 4 . LT ROV TR K A
B 24 /NEHEEGH , T B RAK R P vhe , 57K 5 BT 50°C HEAR BT, B SRR A T . SR DR
B AR P A A g ] R A S [ 25 0 B 26078 SR 30ml, [R] Bt T B AN [ 28 /PR FH 22 575 ik
BRI LR A AR 20 . L gbRifE, 2E$E NaNO, JRZEFI NH,Cl =Fh N & | 558 ECHI % C/N &
20 HIBRAE SR, vER C/N B (C/N R 85.37) NS 3 (C/N 2 6.25) Al A (C/N 28 7.13) B FR A HLIE
BE, LIRS EE C/N H; IR HLAE RN W SE [ 52 FHTTAE ST 4, A HUIER AR & C/N b 20 B3,

PEHHAS 25emx 15em, FLAE 1mm Z0#4S, 26 A 20g HETRaEE  SEHTT, FLAFAS 0, H g B L e,
O3PSI A 12 A AN PPl T ol o A2 A AR A AR B IR 2—3em , AN RIS AL IR 1m LA
o IRl E X R (CK) AN BT 0} B 0 7650 4% FIE 30ml A7K . B RFE 1R I8 6 Ik, R
S JE S BRI BHAS B S  A BSC G % RBRAS AN L R FNAS PV N RE, T ASHA SR B T 50°C MR T HL T FR R,
%W,

1.4 {500

2fi AR AT HPER vario MACRO cube F TG R ST AN A2 5 4B - AR — e SRRV &, S BA BT LL 67543
Mr(LY/T1270—1999) ; A i % : J FHL K ( Van Soest) 7' JFHH | & KA VELPFIWE 21 4 20 % {343 M B M vk
Y NITE
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12 H1 Excel2010 HAHEAT IE 3SR B B 177 25 430 R EDWL A3 BT, USRS [R]85 il o 43 A 22 B0 52 i 5 328
I SPSS19.0 Hicfh 47 22 [H 2 5 22 43 H1 ( general linear model ) F1 22 B HLAE (1.SD) |, 435 AS [a] 18 42 5 it o) 56l 4%
PEI T AR, R 3 — I ME [P )H (linear regression ) 23 AT 15138 1/ Y& 2k 8 R 5 FI AN ET B sh S 89 %
R, BEMHKFERERN P=0.05,

2 BREHH
2.1 TR AS e 2z RS b —— CK —%— 4 3

BRI LIV N BRI e 3 TP 1 B4 6] A ——1 —e— 9
I 4% LR I R S RB BRI SV 6 1 L % o ¢

2 2R RRR R IONITF R . 7>9>1>6>CK>2>8>4>
3>5,% 7 A BRKEH R R K 52.8%, B CK Hm
19.86% .

BEFH Olson 28 B4 RABI Y | 1] FH 4518 00 4L 98 7 12
TR R, A gy B WL 2, &k 20 8
WAy R K 2 M KO A AL i R BRI 0 L
NFE . 7>9>6>2>8>CK>5>1>4>3, 50% 43 it a] |,
5127 M9 HHRET CK;95% 4 it ia) L, A5 30 60 90 120 150 180
2.6.7.8 19 GLAIRHIE T CK; K4 1 95% 4 fit Fl i I Time/d
B NS 7 4,501k 0.46a F1 2. 14a, Fif FH I [E] Eb 1 FERREFET SRS
CK 233455 T 0.12a 1 0.88a, X 4% 4H 8 75 143 f% 2 Fig.1 Litter leaf decomposition dynamic on different trial groups
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Table 2 Olson equation and coefficients of leaf litter decomposition on different trial groups

. , SV IRk 95%%
s oriif TR . (filifﬁ . ﬁ%ﬁ P Diiﬁiiﬁion 50%6,}%( ) 95% d:():fri]()(f‘it)ion
Test number Olson equation - Significance P Half-life ( years)
coefficient constant k (years)
Ck y = 86.059¢ 0% 0.963 0.022 0.940 0.58 3.03
1 y = 77.283¢7081% 0.926 0.008 0.813 0.54 3.37
2 y = 88.019¢7 1007 0.959 0.002 1.007 0.56 2.85
3 y = 83.205¢770% 0.859 0.028 0.706 0.72 3.98
4 y = 84.574¢707 0.958 0.003 0.777 0.68 3.64
5 y = 96.033¢708 0.976 0.001 0.891 0.73 3.32
6 y = 96.967¢ 0% 0.978 0.001 1.060 0.62 2.80
7 y = 93.486¢ 71361 0.980 0.001 1.361 0.46 2.15
8 y = 88.596¢0%% 0.979 0.001 0.968 0.59 2.97
9 y = 92.49¢ 100 0.996 0.000 1.101 0.56 2.65
®3 ETARBAERZENBAEHSBREFTESN
Table 3 Variance analysis of decomposition constant on different control measures
— . 4 E K2 Factors S
F845 Indicators L i i
Statistics A B C D Optimal solution
i F AL Ffi 75.00 * 1.00 1.00 81.50" AsDy
Decomposition constant K, 2.53 2.95 2.84 2.81
K, 2.73 2.87 2.89 3.43
Ky 3.43 2.87 2.96 2.45

Fp5(2,2)=19.00,F;,(2,2)=99.00; K, £RKN-5 N i Byx {45 5 2 A

XFE 4 v 6 T S B E S IR IR T 7 25 0T R T 0T, A SR AR L A HLAERL R B R X R
PR N MR W, 2 R B, A IS RAL A AT N SRS, H A R R R 1
PR N SR ARCR T AN K, AR STRIA AT I P i B W G 2 R KO TR) 22 5 B 3
IS ZERMASTA R T P S TS, XSS msn ks, < AVUALED X R IE C/N.C/P L/NAI L/P
Bpre A T S WSS ZE RIS A R T 4 A PR SRR IL, BXSEEXT L/P (520058 Tk, =3 % 3
b 3 AT SN RN TC 25 5 5 ¢ RGP X R A 08 0 A L/NFEAE T B2 R, OP- 10 8 Tween80 F| T
L/NFEAG; < B0 SRS C/P A L/P 7= A T 850 JE g7 2 AR T C/P Al L/P HFEAK,

F4 ETTAREZERZNRREAEHRESBATESN

Table 4 Multi-factor analysis of variance on leaf litter quality based on different control measures

Fik B4 Seitfii B Pactors Tk M Sei i B Factors
Litter quality Statistics A B C D Litter quality Statistics A B c D
N & P 0.035" 0.139 0.460 0.001" || P& P 0.061 0.476 0.741 0.000 "
Nitrogen KFE1  12.46a 11.61a 11.93a  10.64b Phosphorus KF1 0.8577a 0.9198a  0.8255a 0.6134c
content K2 11.28b 11.29a 11.85a 11.97a content IR 2 0.7370a  0.8065a 0.8963a 1.0742a
K3 11.42b 12.25a 11.37a  12.54a IKF-3 0.9696a  0.8379a  0.8426a 0.8766b
C/N It P 0.454 0.186 0.144 0.000* || C/P Ik P 0.047° 0.134 0.150 0.000 "
C/N ratio K1 37.86a 39.38a 37.82a  43.64b C/P ratio JKFE 1 612.16ab 563.49a 589.55a 864.18a
K2 40.08a 40.59a 38.3la  36.97a JKF2  722.09a  708.37a 571.10a 440.67b
K3 39.34a 37.30a  41.14a 36.67a JKF3  533.51b  595.90a  707.11a 562.91b
L/NLt P 0.198 0.047° 0.120  0.010" || L/P It P 0.020"  0.062 0.094  0.000"
L/N ratio A1 36.17a 38.82ab  37.65a  41.25b L/P ratio K1 581.02ab 548.98a  585.25a 807.71c
JKF2  39.13a 39.81b  36.39a  35.95a K2 697.74 a 685.47a 541.02a 422.93a
K3 38.8la 35.47a  40.07a 36.91a K3 522.43b  566.75a  674.92a  570.55b
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Fig.2 Leaf litter quality dynamics of different trial groups

2.3 JAIEM R R S s TR S AR E R

AL IR G 20 JR 95 0 ) S B 40 2R R (y ) SRR VR B S (x) AR RE T SR WL 5. A A E
P BT RS N S 2RI, HPE 2 .3 .4.6.7 9 HiIkBEKF, %1.2.3.5.6.7 A BE
PRSP S RBIEAX, B 7 413k 82K HAA S P SR A R E A, B 418 75 i 5 i
KA C/NBRMAMG, HA2.3.4.6.7.9 HMCEE, FAMKBEHFEMNELES C/PHXLAEE, 44,
6.9 4R R GL/NE AL FAE KA 5L/ NEIEME, B 2 3 HRBEKFE, £1.25794
PR /P R AR E A HAbhdl 5 L/P R IEMSE, HAS 8 R W3,

x5 AEXBABEHHNRERAEZSFHRAZHTUEREDTHXR
Table 5 The relationships between litter mass loss rate and litter quality on different trial groups
T4 PR &b 24 BT i 240 litter chemical quality

JER s SZiitHA N & P i

.. C/N C/P L/N L/P
Test mumber Statisties Nirogen phosphorus N r.fﬁo o 1N rfﬁo By
CK B 2.322 -27.673 -0.209 0.007 0.255 0.012
R 0.427 0.239 0.249 0.259 0.309 0.537
Sig. 0.399 0.648 0.635 0.621 0.552 0.272
1 B 3.151 15.336 -0.798 -0.023 0.075 -0.020
R 0.633 0.516 0.683 0.765 0.053 0.500
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o Y8 9 AL 2 5T i S5 litter chemical quality
N = 25 e A
Tc:tf\;l\limjber &iit{i l\y;lit:);l phltj)sjhius “N H:, er H? LN Hf.‘ e H::
content content C/N ratio C/P ratio L/N ratio L/P ratio

Sig. 0.177 0.295 0.135 0.076 0.921 0.312

2 B 75.529°* 18.990 -2.425* —-0.041 6.712" -0.024
R 0.829 0.60 0.847 0.589 0.816 0.259

Sig. 0.041 0.208 0.033 0.219 0.048 0.620

3 B 75.529 " 9.081 -2.425* -0.016 6.712" 0.007
R 0.829 0.293 0.847 0.365 0.816 0.149

Sig. 0.041 0.573 0.033 0.8477 0.048 0.778

4 B 33.515" -8.296 -1.107" 0.026 -0.119 0.034
R 0.827 0.254 0.870 0.427 0.058 0.729

Sig. 0.042 0.627 0.024 0.398 0.914 0.100

5 B 76.475 37.022 -1.259 -0.013 0.917 -0.008
R 0.707 0.426 0.555 0.522 0.521 0.217

Sig. 0.116 0.400 0.253 0.289 0.289 0.680

6 B 12.279* 37.501 -3.587" -0.055 -0.263 0.001
0.915 0.476 0.913 0.403 0.068 0.009

Sig. 0.010 0.340 0.011 0.428 0.899 0.981

7 B 9.802 " 36.155" -2.352"° -0.097 0.152 -0.170
0.914 0.846 0.855 0.812 0.054 0.761

Sig. 0.011 0.034 0.030 0.050 0.919 0.079
8 B 7.229 -16.116 -2.040 0.044 1.434 0.048 "
R 0.504 0.497 0.457 0.568 0.766 0.847

Sig. 0.308 0.316 0.363 0.239 0.076 0.033

9 B 64.493 " -5.809 -1.598" -0.004 -1.066 -0.004
0.969 0.204 0.967 0.078 0.612 0.069

Sig. 0.001 0.698 0.002 0.883 0.196 0.896

3 it 54£R

3.1 AN[RIEE R 7 i i R B R )

I AN, SE T RE T A A5 B P A W v 0 BT 5 Y BB AR B IR X ik i A< i ]
B IR A AN PR TR NSNS R B, TR e HA AR A R A B R A K
BB E IR R Be LR A B T IR7E Y0 . SNIR) ST in 22 B vh T RO , X i R 1) 52 e PR O 7
T2 FRIE SR AN AL PROT sCAE AN TR SR B4 S o A, AN e SRR RE SR e A2 AR TS W IR W o i e 0 08 7 00 - it
FFRGT R s B A DTRR A0, 2% e TR T8 0 43 A e 200 5 [RTRE 00 SRR IR HE 1 25 A B 14 43 A
HXF AR A TE S SN Y BRI AT LU C R, P UR TR A A R RR AN A R
AL E T IR FA PRI A A% TR b RS S R SRR T R HLBRAR B R
I C N P AR ER Y AR SR A DL BRI RRE 5R 0 R A DL Y B R A B
Pz e, AT HLALRE XoF 89 it o ik 2 B0 Wi 25, XS FE AR TSR 8, i AT HILAC R IR] LATE 25 i A9 SR I
BT A, BERG RIS JR v i i, S L R

T 0 52 A WL e Al o T BT AL (e Rt U8 9 00 A 1) TR 2B Y52 R TR ) A W 2R RS 1
AT A2 LT | A SRR o3l 2 1) 500 IR S o s 2 A 9 0 1) 43 i %270 RS 3R T, A i m AL
A7 —E JE DI RE B P RE RS I 0 IR 5 10 20 , a0 L 1 280 Ak 0 0 8 v T R A U R AR O
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TIGAE BRI T HE T R 5 0 AR 4R T MBS RV IR L ARBIRTE h < BRR GH IR VA i
O BB 2 AR 2 AOVE IR BOL T — A (IR E ) MR MR 1 IE IR 07 2 b AL & W 20
PR AL BIGE B D RE AL A T W T ) BN R0 o g, T s R VR 0 1 o e

AWFFEH 5 7 R R 20 A X9 A L E R A R A IRAE KT . — T RS FE TR
TRHN TR TE SRS T B B T VA A BT, R AT I AR R B R R D) — O T 5 2
P& T o (R SR, 8 2R B Ve R A AR aE T & I A3 | 026 21 73 i S 80 T 30 A
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