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Effects of varying slopes and depths on decomposition and infrared spectrum

characteristics of leaf litter in a rubber forest
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Abstract; Leaf litter plays an important role in nutrient recycling in rubber ecological systems. Studying the decomposition
characteristics of dry matter and nutrient release and their effects has important significance for resource utilization and the
management of high efficiency fertilization. A decomposing-bag experiment was conducted in a rubber forest at the main
production areas of natural rubber trees in Hainan Province, China. The objectives were to study the effects of slope and

depth on the characteristics of dry matter decomposition, nutrient release, and FTIR ( fourier transform infrared
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spectroscopy ) of leaf litter. The results showed that the decomposition rates were significantly affected by varying degrees of
slope and depth. The dry matter remaining rates between different treatments were in the following order: covered slopes
(39.6% ) > covered flatland (26.8% ) > buried flatland (11.2%) > buried slopes (6.9% ). Leaf litter loss agreed with an
Olsen exponential attenuation model (P<0.01). The time required for 95% leaf litter decomposition was 29.3, 20.5, 12.8,
and 13.2 months, and the C/N ratios decreased from the initial 25.1 to 12.7, 14.4, 16.2, and 16.9 after 9 months, for the
above treatments, respectively. The nuirient remaining rates were significantly different (P <0.05) among different
treatments during the decomposition stage. After 9 months, the nutrient remaining rate for C, N, P, K, Ca, and Mg on the
covered slope was higher than that in other treatments, at 10.9%, 21.6%, 10.7%, 9.7%, 10.4%, and 7.9%,
respectively ; but that in the buried slopes was lower than that in the other treatments, at 3.8%, 6.5%, 3.4%, 2.3%, 0.8%
and 2.1% , respectively. Analysis of the FTIR spectroscopy characteristics of leaf litter showed the absorption peak strength
at waves of 3,387 em™' and 1,734 ecm™, which obviously became weak after 9 months of decomposition, thus proving the
decomposition and transformation of carbohydrates, i.e. cellulose, hemicellulose, lignin, polysaccharide, and fatty acid
group compounds. The absorption peak at 1,050 ¢m™" shifted to 17 ¢m at low frequency and then changed to 1,033 em™,
suggesting that decomposition destroyed the original soluble sugar and cellulose C—C and C-0 bond stretching vibration. In
conclusion, buried leaf litter could contribute to mass loss and nutrient release. Therefore, we suggest that the litter of
rubber forests should be mixed with soil or buried in green manuring pits to improve the recycling efficiency of rubber

plantation systems.
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Table 1 Initial chemical properties of the rubber leaf litter

C/ % N/ % C/N P/ % K/ % Ca/ % Mg/ %

PRI Leaf litter 43.81 1.75 25.1 0.114 1.207 1.256 0.170

JYE I FTIR AT 77 DB RE AR 100 H i, 78 105°C MEAE it T &5, 76 TR A T, A B i 6k
b R IACKE T (9 © 25 BR 4 f /K 1Y KBr(OGik 2l ) 1 i, ZELLAMT IR S G R B IS4 2 TERHIR BV AR
R LR RGEH AT, B 2T RS M =298 15 Mpa, 455 1 min, Z J58 W A BCEE Nicolet 28
1 Inpact-410 % FTIR YGRS #4005 X4 4000—900 em™ , F1H5UEL 32 K, 23 HE% 4 em ™',
1.4 Bdarrt

(1) P75 T W 5E B % (%)
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Fig.3 Variation of dry mass remaining rates and C/N in varying slopes and depths for rubber leaf litters
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R 2 TR EIRRZ G THRERERE T 55 M4 1E
Table 2 Decomposition characteristics of leaf litter under varying slops and depths for rubber tree

I3 50% T R ] S 95% FiF 5 15k [

T Rk -

Qb O sen HHHUR K *ﬁ?é‘?ﬁ o iﬁl Time required for Time required for
- Olsen exponential Correlation Decomposition . .
T'reatment del fficient (K) coefficient (k) leaf litter leaf litter

e coethicien decomposition 50%/a decomposition 95%/a

F-I M,/ M, =¢ 01404 0.9412 0.1464 b 0.39 1.71

F-II M,/My= e 03411 0.9166 0.2341 a 0.25 1.07

S-I M, My= & 01024 0.8777 0.1024 ¢ 0.57 2.44

S-II M,/ My =e02270 0.9204 0.2270 a 0.26 1.10

t: 53 F 73 t-decomposition time ,k; 4F-43f# H X k Annual decomposition rate, M /M, : JVE T4 5% B % Dry mass remaining rates of leaf litter,
M, . &M AT Residual dry mass weight of litter leaf , M, ; #8745 M1 4 T8 Initial dry mass weight of litter leaf ; £ 5 AN [F) 52533 7R AS [|) b 24 7]
25t (P<0.05)
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P L 4 W PRV I C Fr a Bl o3 fif B (B4 2 ) 52 35 S PR AR iy 95, 3R B 0—0.5 A~ 38m,0.5—4 4>
HERI TR, 4—5 DA BN, 5—9 N H 218 %, DISHb3RIRANBE S-11 19 C 7 e bn 2 dw i, 11 Mo 73 55 b 1
F-1 B C S tn &Gl 7E4 R 1.2.4 5.7 .9 D H B FRA) 25 55 8 3 (P<0.05) , C 5% B4 Bl 43 fige Bisf () 4 10 2
BT RS b SR A0 P S-1 1Y C BRER RS T ILMAL 38, Ty 22 50 BT 3R W, 1—9 A T [R], Ab $HE ) 2 S 1y
ik BEKF(P<0.05) ;43 9 N H 5 F-1 F-11.S-1 F1 S-I1 AL C % B 543 M 6.4% 5.9% 10.9%F1 3.8%

JHIENE N E AR TE 2 D A AR I, 2—9 D H BRI G S RN F-11 AT S-1T A9 R
B T RS AT F-1 RN S-T, AR BHIE) 22 53 1 35 (P<0.05) o N 5% B8 R EE /) s [ i R4 52 F B 34, b o 7
TEALFR S-1 Y N % B R T H A AN, Jr 2240 r 6 W A B E] 22 57 &8 2 (P<0.05) ;40 9 A H &, F-1 F-11,S-1
HIS-T1 AL PR N 5% B R0 510 11.8% .9.1% 21.6% F1 6.5% |,
2.3 YR RO TE o il R P UK Ca Mg B & S AR B R A5

AL S AL, P& T P B Bl A3 et B) A A E | 25 A BRAR A AT BTN TR], Herr i b 7 S5 A0 B ST 7E 0.5 4 H
AR, 0.5—4 N H BRFZ E B3 M BB F-1T A S-1TAE 0.5 S H AT & E A,
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Fig.4 Variation of C, N contents and their remaining rate under varying slopes and depths for rubber leaf litters
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T AbFR S-T A K Bk B R i, 7F 0—2 N H 2RI T FERN AR, 40 2 S H B, F-T F-1T,S-1 fl S-11 #4402 K
FRER R 29.3% 19.5% 32.7% M 17.1% ;53 9 A~ A J& , F-1, F-T1, S-T Fl S-TT 45 4b B K 5% B R 435U A
4.8% 3.1% 9.7%H 2.3%, AbFR[E] 25 53 (P<0.05) ,

PATE Ca 5 BB A S ] () HE T | 780 26 R HHL TR b TR0 728 Al A T 22 1), SF- M 7 25 b R -1 1S el B R 4k T
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PR Mg 75 i Bl A R (R) A A 22 L F— T BE R E 7R 5% 0.5 A F B SR B 5 K AH ; 42 9 S B
AbPRIE] TG 35 25 5 (P<0.05) o SEIRTE T Mg R B 500 5, b 550 N I Mg Bk FR &2 BT — FRRI a3 1
0.5 ™ H WA B K MF-H A F T /9 Mg 5% B8 2 0 2 KR 2L T R i e 35 i i A 55 A0 31 S-1 (5 BR300 T oA,
REFR T5 2253 W R B o A A b A B 22 5 1 3 (P<0.05) o 43 9 N AU F-1 F-11 S-1 Fil S-11 444k 34
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Fig.5 Variation of P, K, Ca and Mg contents in varying slopes and depths for rubber leaf litters

e S A AR E B 3387 em ™ (—HBAM ARRAKAL S W -OH JE B SR A R 4R IR 3l , 53— AT 4R
YRR TERY A BN O A Y, WAL IR IR T N-H (47 PR3)) ;2920 cm™ 1 2852 cm™' (431
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Fig.6 FTIR (Fourier transform infrared spectroscopy) spectra of litter leaf initial and after decomposition in varying slopes and depths
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