t 1 (Soils), 2014, 46(6): 1083-1090

R 4 3 3SR 2548 45 ) R AR B R RO B M

1,2 1* 1
( (
3 (
( )
(
8.25 7.46 pH 10.48
N P K
4.92
(25.77¢g/ ) 5.02 3.87
S727.3 S-3
(1
( CO, )
[2-3]
(4] 6.2x10" hm?
63%0°
(P
K) [7-91
Zhang %
24% 40%
[11]
(41171191 31200419)
(BE2013451)
* (zbxie@issas.ac.cn)

(1988—)

)

) 210008 2 100049

210008 4 130032)

(400°C)

pH

9.35 C N P K

(99.64 g/ ) (19.85 g/ )

[12]

[11,13-14]

[15]

1.1

(116°56'E, 28°12'N)
1 727 mm

(2013BAD11B01 2008BAD95B05)

E-mail: zblin@issas.ac.cn



1084 46
1318 mm 18.1°C 262 5° 20mx20m
40 ~ 60 m 0~30 30~50 50~70 70~
100 cm
0~30cm 1
F1 TEMGEEKRMER
Table 1 Basic properties of soil and Pinus elliottii sapling in macrocosm experiment
C(g/kg) N(g/kg) P(g/kg) K(g/kg) pH C/N
4.84 0.55 0.24 9.32 4.82 8.87
438.18 3.36 0.57 2.64 - 130.58
1.2 elliottii) 95 ~120 cm
(< 2 mm) ( 30 cm )
400°C 1.4 ~19 cm
25L 3
3 ( 200920232191.9 1 250
ZBX1 ) 2 1
3 “ 7z 1.4
200°C 1.5h (2012-05-04—2013-04-26) 2
50 C 1
5
10 h (H)
1.3 D)
2 cm (PVC) 80°C 48 h
100 cm x 100 cm x 120 cm 0.25 mm
( x x ) PVC 1.5
5 60 120 cm 3 cm  PVC 1 1
(
10 cm )
4 105°C 0.5 h
2.5mx25m( 80°C
) 10 cm
( 0.5 ~2 mm 2 mol/L HC1 0.25 mm
) pH 1:20
( 0~30 (TP) H,S0,4-HCIO; -
30~50 50~70 70~ 100 cm) (AP) NaHCO;
0~ 30 cm - (TK)
HF-HCI10; (AK)
5 3 CH;COONH, (1]
(CK) 2.16 kg/m? (TC)
(SD) 2.4 kg/m’ (SDB) (TN) (SerCon Ltd., Crewe,
1.26 kg/m® (CM) 2.4 kg/m? UK)
(CMB) 1.6
(2012-05-04) 1.6.1
2 2 (Pinus (B) (H) (D)
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B =aD?H + b 2

2 EHMMREYEHERE
Table 2 The growth models of different organ biomasses of
Pinus eliottii

( ) B=31.24D*H+35.92 0.94
B=11.90D’H + 10.64 0.88
B=6.01D*H+4.59 0.95
B=535D*H+1.59 0.89
B=17.99D*H+19.10 0.93
B D H
1.6.2
( )
M, =B;xC, (D
M;
Bi Ci

(annual net carbon

fixation ANCEF)

ANCF =" (B;xC, =By xCy))+ B xC, )
i 4 B, G,
By
G
1.7
SPSS13.0 (ANOVA)
LSD
P<0.05
2
2.1
(400°C)
( 3 pH
pH
(P<0.05) TC TN TP
TK AP
AK AP
AK 81.8 39.9
AP TP AK TK
4.11% 39.34% 2.96% 36.16%
AP TP AK TK
16.42% 97.60% 9.94% 85.30%

*3 ARIFEREYRIERF M
Table 3 The biochar properties of different feedstocks

(%) pH TC(g/kg) TN(g/kg) TP(g/kg) TK(g/kg) AP(mg/kg) AK(mg/kg)
- 8.25d 446.10 b 3.83¢c 0.52d 2.72d 21.38d 1.07d
27.79 7.46 ¢ 489.82 a 6.53b 1.11¢ 525¢ 3291 ¢ 1.19¢
- 9.35b 287.08 d 23.86 a 15.71b 29.19b 2 578.48b 28.49b
47.52 10.48 a 304.17 ¢ 25.56 a 27.06 a 55.65a 26924 a 47.47 a
/ P<0.05
2.2 2 2 \
1 (CK) BN b b
(CM) (CMB) 2 19 c
(CM P=0.007 CMB P=0.006 1) § 10
(SD) (P =0.030) € s
(SDB) CK 0 CK SD SDB CM CMB
(P=0.356) by
® w0 (
( 2 (n=3) )

1 TREIACEXSE He AR & I 4K B B S0 (5 SR & [8)
2013 £ 4 A 26 H)
Fig. 1 The needle length of Pinus elliottii (sampled on April 26,
2013) in different treatments
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( 3) CK SD
(P=0.017) SDB  (P=0.026)
¢ 3 SDB
CM CMB (P=0.021) CM CMB
CK 93.87%(P = 0.001) 54.74% CK 4.94 (P=0.001)
(P =0.025) 5 3.07 (P =0.031) 5
CM>CMB>SD>CK>SDB CM>CMB>SD>CK>SDB
(4
( 49 CK CM CMB 23
CMB SDB CMB
160
oCK a
aSD J a
& 120 ®=SDB -‘TF
> oCM .
vt CMB v
i o -,
x 80 -,
kS -
& ..
B Lo
.
.
M -
I LN
FERRER AL
2 FREILEERGEHFEESBEY S
Fig. 2 The initial biomasses in different organs of Pinus elliottii in different treatments
480 ¢ o CK
a0} a = SD
T @ SDB
z 360t DCM
™300+ a aCMB
i% 240 | »
: e
180t /.
L .
120 bbb a., )
60 - a .
o - - i babbp b
+ EN s
k7SI
3 FRLE—FFEHAREESMERTEHEYER HE
Fig. 3 Biomasses in different organs and litter fall of Pinus elliottii in different treatments after a year
x4 FRLEEHMRFAEEASEYEREEREHE
Table 4 Biomass increments and distributions in different organs of Pinus elliottii in different treatments
(g ) (%) (g ) (%) (g ) (%) (g ) (%) g )
CK 13.96 b 35.41 ab 9.25b 22.78 ab 584D 1523 a 9.92b 26.57 a 38.97b
SD 17.56 b 30.28 ab 10.62 b 23.86 ab 9.79b 19.54 a 12.89b 26.36 a 50.86 b
SDB 5.66b 24.34b 7.84Db 36.26 a 433D 16.05 a 6.67b 2335a 24.51b
CM 7527 a 39.34a 37.39a 19.76 ab 33.54a 17.23 a 45.67 a 23.68 a 191.87 a
CMB 50.89 a 42.56 a 14.81b 12.16 b 2433 a 20.35a 29.78 a 2493 a 119.81 a
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( 95 CM>CMB>SD>CK>SDB
SD
CM CMB
CK
CK (7 SD SDB
( 6 CM
CMB 25.77 ~
CK SDB CM CMB 99.64 g/ CM CMB
CK 196 (P = CK 286.65% (P =
0.001) 1.56 (P=0.023) 5 0.001) 156.54%(P = 0.028)
£S5 TRLERHIAZESHRES E(g/ks)
Table 5 Carbon concentrations in different organs of Pinus elliottii in different treatments
CK 479.93 a 467.02 b 474.24 ab 469.08 ¢ 473.53 b 452.01 ¢
SD 484.76 a 478.06 a 481.88 a 479.20 a 481.36a 497.79 a
SDB 482.85a 467.85b 476.83 ab 476.29 ab 476.96 b 492.60 ab
CM 479.36 a 470.76 ab 476.78 b 47543 b 476.30 b 484.31 ab
CMB 480.04 a 466.33 b 478.93 ab 476.90 ab 476.90 b 481.70 b
Fz6 ARLEBHINFEIKRIESE
Table 6 Carbon storages in different organs of Pinus elliottii in different treatments
(g ) (g ) (g ) e ) (g ) e )
CK 26.88 b 13.88 be 10.21b 23.50 b 3.22b 77.68 b
SD 31.12b 15.97 be 13.27b 26.90 b 5.05a 92.31b
SDB 21.18b 1233 ¢ 8.74 b 21.09b 3.98 ab 67.32b
CM 56.45a 2732 a 23.56a 40.89 a 3.73b 15195 a
CMB 46.06 a 17.15b 19.82a 3432 a 4.10 ab 12145 a
RT FELEEHNGESBRFFEES
Table 7 Annual net carbon fixations in different organs of Pinus elliottii in different treatments
g ) g ) (g ) e ) e ) e )
CK 8.48b 498b 331D 5.79b 322b 25.77b
SD 10.73 b 6.07b 5.48b 7.84b 5.05a 35.16 b
SDB 4460 4270 261b 4520 398a 19.85b
CM 3790 a 1834 a 16.59 a 23.08 a 373b 99.64 a
CMB 26.36 a 7.59b 1233 a 1573 a 4.10a 66.11 a
pH
3 [20] [21]
3.1 Na K Mg Ca
[22]
400°C pH Singh  ['®
pH 825 7.46 400 C 6.07 mmolc/g
pH(10.48) (9.35) 0.38 mmolc/g
pH [8,18-19) 5.10 mmolc/g

4.29 mmolc/g Chan  Xu™
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pH 210 1.71 SD SDB
(6.2) (9.6) Uzoma
pH B2 (15 t/hm?)
C C Susan !
C 446.10 287.08 g/kg
489.82 304.17 g/lkg C
(11.22] CM CMB
C
C
[24-25] N
N P K AP TP 16.42%
N N 9.94% AK TK 97.6%  84.30%
[26-27]
N
N [14,33-34] CM CMB
N N
(400°C) CM CMB
N [ 39.34%  42.56% CK(35.41%)
CM CMB
P K P K
P K 5
P K P > > > SD
K SD SDB
[26,29-30] CM CMB
AP AK AP AK C/N
TP TK Zheng ¥ ( 116.48  75.01)
P K C/N
(>400°C) AP AK TP TK 3s] 3]
P Ca Mg
((CaMg)3(POy4),) P K
(- Pbs(PO4);Cl) K
[28-29,31]
CM CMB P K
3.2
CM CMB
CK 1.96 156 (4 CM CMB
CM CMB
CM CMB SD SDB
CK 23.1%  23.8% 5

CM CMB CK
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SD(39.97%)>SDB(31.33%)>CK(30.25%)>

CMB(28.26%)>CM(26.91%)

CMB(37.93%)>CM

(37.15%)>CK(34.60%)>SD 33.71%)>SDB(31.46%)

SDB(5.91%)>SD(5.47%)>CK (4.15%)>

CMB(3.38%)>CM(2.45%)
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(3]
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CK 494 3.07
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Impacts of Biochars on Biomass and Carbon Storage in
Different Organs of Pinus elliottii

LIN Zhi-bin"?, XIE Zu-bin'", LIU Gang', LIU Qi', SUN Bo®, WANG Gui-jun*, ZHU Jian-guo'

(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 The Ecological Experimental Station of
Red Soil, Academic Sinica (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 210008, China; 4 College of Urban

and Environment Science, Changchun Normal University, Changchun 130032, China)

Abstract: Artificial forest plays an important role in the buildup of forest carbon sink. However, successive rotations of
fast-growing species cause soil degradation, which lead to the apparent decline of the tree growing rate. This paper aims to
investigate the effects of sawdust biochar and chicken manure biochar on biomass, carbon concentration and carbon storage in
different organs of Pinus Elliottii. The results showed that feedstock decided the biochar properties. After pyrolysis, the pH of
sawdust biochar (7.46) was lower than the sawdust pH of 8.25, while the pH of chicken manure biochar (10.48) was higher than the
pH of chicken manure (9.35). The elements of C, N, P and K were enriched during sawdust and chicken manure biochar pyrolysis.
And contents of N, P and K in chicken manure biochar were significantly higher than those in sawdust bicochar. The percentages of
available P and K in total P and K were reduced after feedstocks were converted to biochars. After one year experiment, chicken
manure biochar significantly increased biomass in different organs of Pinus elliottii. The increment of tree aboveground biomass
in the chicken manure biochar treatment was 4.92 times of that in the control, while sawdust biochar had no significant effect on
tree growth. And chicken manure biochar and sawdust biochar had significant effects on the distribution of increased biomass in
leaf and bark of Pinus Elliottii. No significant differences on carbon concentration in different organs of Pinus Elliottii were
found in both biochars treatments. Annual net carbon fixations (ANCF) in different organs were significantly increased in the
treatment of chicken manure biochar. And ANCF of tree aboveground in the treatment was 5.02 times of that in sawdust biochar
treatment and 3.87 times of that in the control, respectively. Thus, chicken manure biochar could be used as an amendment to
increase productivity of artificial forest. However, the effects of different biochars on the properties of soils need further research.

Key words: Biochar, Pinus Elliottii, Carbon storage, Net primary production
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