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Dynamics on humic acid and fulvic acid in the stump systems with
different log years in the Pinus massoniana plantations
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Abstract The turnover of humic acid (HA) and fulvic acid (FA) during stump humification plays
crucial roles in sequestering carbon and maintaining soil fertility in plantation ecosystems, but little

related information has been available. A field experiment was conducted in Masson pine ( P.

w E R TR B SR (2011BACO9BOS ) | H K H AR B2 £ 4 (31370628) WU A BRI FEFEARSH AT LA FHH
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massoniana ) plantations in Sichuan Basin. The decaying stumps were sampled based on the local

log file records from 1999 to 2013, and the stump system was further divided into stump wood
(SW), stump root (SR), bark (B), and linked roots ( Rn) with different diameters. After 15-year

decomposition, HA concentration and HA/FA in the stump system increased significantly , while the

stocks of HA and FA and FA concentration in the stump system decreased significantly. The stocks
of HA and FA in the stump system ranged from 1 688. 35 to 4 434. 99 kg-hm ~* and from 822. 86 to
6 159.29 kg-hm ~*, respectively, in the Masson pine plantation. SR had higher HA and FA stocks
than SW and B. Moreover, the roots with larger diameter had higher HA and FA stocks than those

with smaller diameters. In conclusion the stump system in the Masson pine plantation has high

stocks of HA and FA and the humification degree increases in decaying process. The results provide

basic information for understanding the processes of coarse wood debris decomposition and carbon

sequestration in the plantations.
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Table 1 Basic information of the sampling sites

ST 1 3 5 7 9 11 13 15
e/ (°) NW/21 NW./20 NW/17 NW./20 NW/20 NW/19 NW/21 NW/17
A B B/ (k- hm =) 2050 2 100 2405 2150 2130 2200 2070 2380
A B AR/ em 16.4£0.48 17.2£0.53 15.6+0.56 16.2+0.39 16.3+0.47 16.1+0.32 16.7+0.29 15.8 +0.48

1.3 HFmiES5SH
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(SR: A F EHA =15 em, K&F <1 m A
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F2,

2 DEMHSESENE S EERIRFHEETH

Table 2 Changes in densities of different components in the P. massoniana stump systems

HIE/ (grom ™)

LUGRE Stump SR SW Bark Rl R2 R3 R4
1 0.78(0.08)*  0.60(0.13)*  0.89(0.07)*  0.47(0.17)>  0.69(0.3)*  0.58(0.07)®  0.59(0.09)™  1.66(1.31)*
3 0.54(0.01)>  0.11(0.00)"  0.46(0.34)>  0.46(0.10)>  0.69(0.22)*  0.63(0.22)®  0.67(0.08)*  0.78(0.20)"
5 0.33(0.01)>  0.29¢0.03)  0.31(0.00)"  0.54(0.04)®  0.35(0.18)*  0.30(0.03)"  0.23(0.22)¢  0.27(0.05)"
7 0.36(0.07)>  0.60(0.62)°  0.39(0.16)"  0.34(0.11)>  0.22(0.24)*  0.43(0.25)®  0.27(0.04)"  0.27(0.02)"
9 0.32(0.04)>  0.26(0.03)*  0.32(0.2)>  0.40(0.12)®  0.30(0.29)*  0.32(0.44)"  0.29(0.05)"  0.36(0.09)"
11 0.41(0.06)"  0.29(0.09)"  0.37(0.07)>  0.41(0.04)>  0.16(0.01)*  0.98(0.75)*  0.32(0.06)"  0.31(0.04)"
13 0.40(0.05)"  0.28(0.05)™  0.35(0.22)">  0.50(0.09)®  0.51(0.50)*  0.56(0.13)®  0.29(0.02)"  0.28(0.03)"
15 0.31(0.02)>  0.40(0.24)>  0.36(0.11)>  0.32(0.05)®>  0.21(0.12)*  0.31(0.07)*  0.29(0.05)"  0.28(0.03)"

1« Stump , (EAE R 45 ; SR, ARHE ; SW, AHE ; Bark, B K7 ;R1: 0 mm < 22% <10 mm; R2: 10 mm < 22 <25 mm; R3: 25 mm < £ <100 mm; R4 . 724 >
100 mm, FUE A TIME £ SRR (n =3) o RRFHFRFE A0 0EEEARERERZNZET 2% (P<0.05),

RN R e A R YN 5 Y&y
AP bR LY/T 1238—1999 ), ERf FR BUHE 4 i
1.00 g T 150 mL HEJEIH, A 100 mL JR 45 $2

B (0. 1 mol-L ™" NaOH +0. 1 mol-L~" Na,P,0, -
10 H,0) , in2&5% % 10 min, #i/K¥E 1 h, 141 2%
T Je I 0. 45 pum 8 R 8, D8R BN iR R K .
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12.5 56 W H 3 B & 7 2 53 B ( one-way
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aadd a s 2 a | 180 bbb b
# 10 (% & 120 aa 2 A& téea ¢ .
¢ ‘ a8 * a ot #d i
60 60 3 60 . . 4
0t : -
0

[}

13579111315

13579111315

13579111315 13579111315

T FERS 8] /2

Stump , T8AE 2R 55 5 SR, ARME ; SW, AKME ; Bark , 4 B7 s R1: 0 mm < 784 <10 mm; R2: 10 mm < 24 <25 mm; R3: 25

mm < f£%% <100 mm; R4: 1£%% > 100 mm,

1 DEMRRENAERSE(FHE £FER, n=3)

Fig.1 Content of humic acid in the stump system of P. massoniana

T T 5950 £ 5 5 9 T
(43). 223 150 WA, FObE 2R 550 B TR
HAMEA T 1 688.35 ~4 434,99 kg-hm > Z Ja], i
FWUN(P <0.05) . BRAKE, 1AL 4 415 0]
R 5 5 B R A AT L s AR A R
I 3 0 R 8725 15 1190 473,40 ~

988.50.,291.70 ~ 395.30 #1 42.60 ~ 114. 60 kg -
hm™*; R1.R2 R3 R4 {148 i8R fk 70 1 98 FL
HlA 3.61 ~ 42.31,19.26 ~ 66.50, 237.58 ~
356.01 F11170.5 ~1 495. 44 kg-hm’z( K 2), Rl
AR AR it AT e B3 (P < 0.01) , B iz Al
R2 \R3 [HH R it = A8 fb i 3% (P < 0. 05) ,R4 K
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Table 3 Two-way ANOVA of HA and FA stocks with

respact to the decay year and components

=
==

2.2 DENAKIEERFTES
FOSOR

B IS A AT, FRAE R G B LR R
62. 94 ~149. 56 g-kg ™' Z[A1AEAL , FL T B A G
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JE e AR R SR B LR A iR 114,02 g-kg T [E
5 62.94 g-kg ™' BRARMEAY B B & &I

0k

T HHEE PR Py F BRI Fruc G AR LA L 53 19 A2 Ak 5 AR R 48 2 AR Y AR
JERT IR a 7 6.21™ 13.69™ AEFRAEE (L 3) sAARBERN R2 & BLR /& 2 22 57
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O e WP <0.01) , HFEH L A9 22 5 4
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6000 2000 1200 500
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“ 3000 1000 a 200} ablab ab
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5 TR Peas SUES ARTIY Qe &
= S B | I [ gl o TN L SN
§ 109 eri|] 0 ara| 100 Y I
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J fEIT [/

Stump , fHE R 45 ; SR, HIAE ; SW, AME ; Bark , # 2 s R1: O mm < 2% <10 mm; R2: 10 mm < 24% <25 mm; R3; 25 mm

<% <100 mm; R4 24 >100 mm,

2 DEMRKEMNASEERESE (FHE £ RER, n=3)
Fig.2 Stock of humic acid in the stump system of P. massoniana
200 350 200
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13579111315 135791113

<124 <100 mm; R4 %% >100 mm,

15

1 3579111315

JEG fifeet E)/a
Stump , fXHE R 45 ; SR, HEHE ; SW, ACHE ; Bark , A J7 ;R1: O mm < 224 <10 mm; R2: 10 mm < 2% <25 mm; R3: 25 mm

3 DE#GHMNERERSE(THE RER, n=3)

Fig.3 Content of fulvic acid in the stump system of P. massoniana

IS4
o

JE e TR R 2 2 5 e i R 8 0 e LR i
W(FE3), &l 15 a W, RIERENE 1R
TR A A5 b/ T 822.86 ~6 159.29 kg-hm * 2
[, B 2 25 kN (P < 0.01) o ARHE AR AEFIRS Fz
1) & BB i i 4 I AE 161,25 ~726.70 .277. 11

~4 861.68 1 52.48 ~72.22 kg - hm > 2 [f] 75
fb;R1VR2 . R3 (R4 19 & B2 fiff i 22 4k 5 L A
0.84 ~71.17 ,13.31 ~101.04 ,98.91 ~ 483. 83
F1203. 54 ~1364.69 kg-hm > (&l 4) , HHE
KR R2 Z [ 22 5 W % (P <0.05) ,R1 5 R3
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13579111315
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J f i ) /2

13579111315

Stump , fXHE RSt ; SR, ARKE ; SW, ARAM; Bark , #4 2 ;R1: 0 mm < 48224 <10 mm; R2; 10 mm < 24 <25 mm; R3: 25 mm

<24 <100 mm; R4: 2% >100 mm,

4 DRE#EERNEEBREE(TFHE RER, n=3)

Fig.4 Stock of fulvic acid in the stump system of P. massoniana

2.3 DEM&HEEHRIEPHAGR E
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5
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~2.32 Z 87281k,

4 b —— SW

Stump  R=0.90, P=0.02
R*=0.85, P=0.04
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R4 R=0.77, P=0.03

I §
BT 3 B
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ES5 DEMKENASR ERR(FHE REIR, n=3)

Fig.5 Ratio of humic acid to fulvic acid (HA/FA) in the stump system of P. massoniana
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