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Effects of biochar based fertilizer and stumping measure on karst soil nutrient content and heat
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Abstract; Taking lime soil from karst mountain area as basic cultivation medium and one-year-old
seedlings of Robinia pseudoacacia Linn. as research object, effects of biochar based fertilizer ( adding
different amounts of rice husk biochar, wood biochar, and compost and chemical fertilizer, respectively)
and stumping measure ( stumping height at 10, 15 and 20 cm, respectively) on soil nutrient content and
ash content, dry mass and heat energy related indexes of branch and leaf of R. pseudoacacia were studied
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by using outdoor pot method. The results show that application of biochar based fertilizer can significantly
increase contents of organic matter and available nutrient in soil, in which, organic matter content in soil
of each fertilization treatment group increases by 13.49% —103. 97% compared with that of the control
group, and contents of available nitrogen, available phosphorus and available potassium also increase at
different degrees, while increments of contents of organic matter, available phosphorus and available
potassium in soil of two treatment groups of 4% rice husk biochar-compost-chemical fertilizer and 4%
wood biochar-compost-chemical fertilizer are relatively large; however, stumping measure has no
significant effect on contents of organic matter and available nutrient in soil. Biochar based fertilizer and
stumping measure have different effects on ash content, dry mass and heat energy related indexes of
branch and leaf of R. pseudoacacia.
significantly lower than that of the control group, and that in branch has no significant difference with that

Ash content in leaf of each fertilization treatment group is

of the control group, while dry mass, dry mass calorific value, ash free calorific value and heat of branch
and leaf, and total dry mass and total heat are generally higher than those of the control group; in which,
dry mass, dry mass calorific value, ash free calorific value and heat of branch and leaf, and total dry
mass and total heat are all the highest after application of 4% rice husk biochar-compost-chemical
fertilizer, which increase by 28.41%, 21.36%, 22.94%, 21.82%, 23.01%, 19.80%, 54.52%,
46.74% , 24.84% and 50.21%, respectively compared with those of the control group. There is no
significant change in ash content in branch and dry mass calorific value and ash free calorific value of
branch and leaf, and total heat after different stumping measures, but there are significant differences in
other indexes. The correlation analysis result shows that except that correlations of content of available
nitrogen in soil with total dry mass of seedling, dry mass calorific value of leaf with dry mass calorific
value of branch and ash free calorific value of branch, and ash free calorific value of leaf with dry mass
calorific value of branch and ash free calorific value of branch are not significant, there are significant or
extremely significant positive correlations among other indexes. The comprehensive analysis result shows
that application of biochar based fertilizer has a significant effect on soil nutrient indexes and heat energy
related indexes of R. pseudoacacia, while stumping measure only has a significant effect on heat of
branch and leaf of R. pseudoacacia, and their interaction only has a significant effect on ash content in
leaf, heat of branch and total heat of R. pseudoacacia. Application of biochar based fertilizer containing
4% rice husk biochar and taking measure of stumping height at 10 ¢m can be used as one of suitable
cultivation measures for energy forest of R. pseudoacacia in karst rocky desertification mountainous area.

Key words: Robinia pseudoacacia Linn.; karst soil; biochar based fertilizer; stumping measure; soil
nutrient; heat energy
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Table 1 Effects of biochar based fertilizer and stumping measure on karst soil nutrient content (X+SD)"

G i1l ﬁjﬁéﬁit%f% Fht/ (g ke") i/ (g kg™ B/ (g kg
No. Treatment?’ organic matter .Cantent. of . Content of ) Content of ‘
available nitrogen available phosphorus available potassium
BFO(CK) 9 kg LS 2.52+0. 07f 101. 59+3. 23¢ 10. 98+0. 38¢ 163.52+9.73d
BF1 9 kg LS,136 g Co-CF 2. 86+0. 06e 118. 17+6. 66ab 53.51+3.07b 383.44+9. 55¢
BF2 9 kg LS,2%RHB-136 g Co—CF 4.44+0. 16¢ 110. 60+4. 16b 62. 82+1. 89ab 686. 84+93. 99b
BF3 9 kg LS,4%RHB-136 g Co—CF 5.14+0.02a 119.24+1. 24a 71.34+6. 17a 859.91+28. 63a
BF4 9 kg LS,2%WB-136 g Co—CF 4.08+0.21d 121. 61+4.43a 63.26+7. 50ab 603. 82+32. 27b
BF5 9 kg LS,4%WB-136 g Co—CF 4.93+0. 03b 113.95+0. 88ab 63.53+1.93ab 684.76x11.73b
S1 FHE R B 10 em Stumping height at 10 cm 3.95+1.04a 113.79+9. 02a 55.65+22. 85a 566. 19+226. 16a
S2 i 15 em Stumping height at 15 cm 4.01+0. 98a 114. 64+13. 29a 55.54+22.73a 546. 43+226. 90a
S3 SR 20 em Stumping height at 20 ¢m 4.02+1. 00a 114. 14+7. 03a 53.53+25. 11a 580. 53+269. 29a

V[R5 Hp ] 2 A BRI R [R] 64/ NG 5 1R 25 53 1.3 (P<0. 05) Different lowercases among the same type of treatments in the same column indicate the

significant (P<0.05) difference.

YLS; £kt Lime soil; Co: HEAM Compost; CF; fLAE (M5 3.6 g & 2.7 g B 4% M 1.8 g S 4LH) Chemical fertilizer (including 3.6 g
urea, 2.7 g monoammonium phosphate and 1. 8 g potassium chloride) ; RHB: FH7¢#% Rice husk biochar; WB: A% Wood biochar.
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Table 2 Effects of biochar based fertilizer and stumping measure on ash content and dry mass of branch and leaf of individual of Robinia

pseudoacacia Linn. seedlings (X+SD)"

o b 2 WAy &/ %  Ash content FFiit/g  Dry mass

No. Treatment” #£ Branch M- Leaf #% Branch - Leaf i Total
BFO(CK) 9 kg LS 4.22+0. 62a 9.24+0.51a 10.91+1. 09b 11. 19+2.39b 22.10+2.52b
BF1 9 kg LS, 136 g Co-CF 4.11+0. 51a 8.42+0. 79b 11.82+2.31a 13.23+1.65a 25.04+2. 48b
BF2 9 kg LS,2%RHB-136 g Co—CF 4.06+0. 40a 8.52+0. 30b 10. 89+2. 53b 12.32+0. 97ab 23.21+2.61b
BF3 9 kg LS,4%RHB-136 g Co—CF 4.33+0.31a 7.88+0.57b 14.01+4.25a 13.58+1. 04a 27.59+4. 14a
BF4 9 kg LS,2%WB-136 g Co—CF 4. 67+0. 86a 8.58+1.30b 9.83+2.30c 12.57+1.78ab 22.40+2.21b
BF5 9 kg LS,4%WB-136 g Co—CF 4.35+0. 44a 8.39+0. 60b 11. 83+4. 84a 12.68+1.31a 24.51+5. 15b
S1 A JE 10 em Stumping height at 10 em 4. 41+0. 75a 8. 64+0. 58a 13.73+4.03a 11.86+1. 81b 25.59+5.23a
52 SFH B 15 em Stumping height at 15 em 4. 24+0. 52a 8. 69+0. 78a 11.29+2. 66ab 12.33+1.52b 23.62+2.78ab
S3 A E 20 em Stumping height at 20 em 4. 24+0. 43a 8. 18+1.02b 9.62+1.73b 13.59+1.48a 23.21+2. 46b

[R5 Hp ] 2 b BRI R 8] (/NG 1R 25 5 .35 (P<0. 05) Different lowercases among the same type of treatments in the same column indicate the

significant (P<0.05) difference.

VLS 1K+ Lime soil; Co; HEA Compost; CF: FLAR (f055 3.6 g JREE 2.7 g BfR 2484 M 1.8 g S AL4M) Chemical fertilizer (including 3.6 g
urea, 2.7 g monoammonium phosphate and 1. 8 g potassium chloride) ; RHB: FH7¢#% Rice husk biochar; WB: K %% Wood biochar.

2.2.2 sf#AEFeRFH B YR IEAL AT
FE X SRR 0 PR ASE | I P AV R B 1 5 g D, 5
3;18 MACEEAL (R B UL 1, ATEE R R A
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YA R PR AU A AT B
M), 2= 400 e o R R 15 it 114 38 A AN R A 4 o A
B BE N,

% 3 AL £ B A BRAEURE | A o P
FLIRAY P AR A R s i AR T IR,
o BE3 AERAIARL TR AV | K A3 R A
ARG 7 A8 bR B A, O B4 4y 0] 2
22.94% 21.82% 23.01% .19. 80% 54. 52% 46. 4%
F150.21% , H5XT R 22 5 03 0 ILAh, BFL(HEAE -
PRI ) Ak BRZE A () T Jo3 o AL | 25 K 43 (B RN A L)

R R 2 i 25 T R4 BF2 (2% 58 e — HE T -
FEAE ) F1 BF4 Ab 340 AN P i: i 2 1 T % R4 BFS
b RZH BRI 25 K A B A A oAt 6 ST bR 38 1 2
FxF AL, G AN, 4% it AT Ak B 2 - A T R B L 25
TRAT MBI YR TS

H 3 3 AT UL .3 AN REAL P2 A A T T 6
P RN K 4 PAE DA B 24 0 1 3 2 5, AR
MR AR — 22 5, i, ST A3 40 A R I i A
(212,59 kJ) , 5 S2 i1 S3 AbigH 22 5 i 3% ;S3 Ab B
ZH R PR R 5 (251, 98 k) LW ST AR 24 5
EL AN, 25T A B Y T A K A
{EFI A KT AL

Xof SRR AT Bk R ARG Y A 2 AR (TR 1) R
16 18 MAbFRZH h T1( BFO-S1) ZbIHZH 1Y s Fhit Fe 1K
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R3 CEWREBANFEE X R4 S B R EF R BRI (X£SD) "
Table 3  Effects of biochar based fertilizer and stumping measure on calorific value and heat of branch and leaf of individual of Robinia
pseudoacacia Linn. seedlings (X+SD) 1

i R TR (K] - &) SO (- ) i/
ik Ak 2 Dry mass calorific value Ash free calorific value Heat
No. Treatment?) N
£ Branch I Leaf % Branch - Leaf A% Branch I Leaf St Total
BFO(CK) 9kg LS 13.73£1.25b  16.45+2. 79¢ 14.34+1.27b  18.13+3.09b 148.96+11.83c  185.13£53.00c  334.09+53.79d
BF1 9 kg LS, 136 g Co—-CF 16.76+2.51a  17.76+1. 02be 17.48+2. 57a 19.39+1. 11ab  197.04+41.61b  234.64+30.00ab  431. 69+46. 53bc
BF2 9 kg LS, 2%RHB-136 g Co-CF  14.53+1.39b  18.26+1.80abc 15.15+1.44b  19.96+1.94ab  158.90+42. 14bc  226.33+40.96b  385.23+50. 70bcd
BF3 9 kg LS,4%RHB-136 g Co-CF  16.88+2.38a  20.04x1.54a 17.64+2.78a  21.72£1.76a  230.17+£52.06a  271.66+28.55a  501. 84+55.37a
BF4 9 kg LS,2%WB~-136 g Co-CF 14.91+1.47ab  17.91£1. 68abc  15. 64+1.53b 19. 60+1. 88b 144.94+32. 24¢ 226.7447.62b  371.68+45. 41cd
BF5 9 kg LS,4%WB~-136 g Co—CF 16.82+2.18a  18.88+2.22ab  17.56+2.24a  20.61+2.39ab  201.54+93.76b  239.55+39.82ab  441.09+110.41b
S1 SERERE 10 em 15.37+2.74a  17.93+2. 15a 16.07+2.8la  19.62+2.32a  212.59+75.46a  215.10+52.89b  427.69+117.31a
Stumping height at 10 cm
S2 SFAERE 15 em 15.76+2.37a  18.11£1.%4a 16.45£2.45a  19.84+2. 14a 177.31+48.63b  224.94£43.15ab  402. 25+68. 06a
Stumping height at 15 ¢m
S3 SERERE 20 em 15.68+1.67a  18.59+2.45a 16.37+1.76a  20.24+2. 64a 150. 88+32.74c  251.98+39.75a  402. 86+50. 13a

Stumping height at 20 ¢cm

D [@ %) e [R128 h BR ] AR [R] B /N 7 B 2% 25 5 i 35 (P<0. 05) Different lowercases among the same type of treatments in the same column indicate the
significant (P<0.05) difference.

2 LS: fi/k+ Lime soil; Co: HEAE Compost; CF: fLHE (15 3.6 ¢ WRE 2.7 g TR — A B 1.8 g AL Chemical fertilizer (including 3.6 g
urea, 2.7 g monoammonium phosphate and 1. 8 g potassium chloride) ; RHB: F&H5¢4¢ Rice husk biochar; WB: A% Wood biochar.

800

700

N

=

(=]
T

ab

be
abe bed bed ’ X .
bede cde bede cde bed cde bede

cde cde

W

(=3

(=]
T

A

j=

=)
T

de

HFE/K]  Total heat
(%)
o
o
T
]

[\

[=3

(=]
T

100

Tl T2 T3 T4 T5 T6 T7 T8 T9 TIO TIil TIi2 TI3 Ti4 TI5 Ti6 TI17 TI8
AbFR - Treatment

T1-T3: BFO-S1, BFO-S2, BF0O-S3; T4-T6; BF1-S1, BF1-S2, BF1-S3; T7-T9: BF2-S1, BF2-S2, BF2-S3; T10-T12; BF3-S1, BF3-S2, BF3-
S3; T13-T15: BF4-S1, BF4-S2, BF4-S3; T16-T18: BF5-S1, BF5-S2, BF5-S3. A[EM/ING FHEF 78 4k 2 ] 22 5 . 3 ( P<0. 05) Different

lowercases indicate the significant ( P<0.05) difference among treatment groups.

BFO(CK): 9 kg LS; BF1: 9 kg LS, 136 g Co—CF; BF2. 9 kg LS, 2% RHB-136 g Co—CF; BF3. 9 kg LS, 4% RHB-136 g Co-CF; BF4. 9 kg LS, 2%
WB-136 g Co—CF; BF5: 9 kg LS, 4%WB-136 g Co—CF; SI; FFEmJE 10 em Stumping height at 10 em; S2; FEZEFBE 15 em Stumping height at 15
cm; S3; FHFEE 20 cm Stumping height at 20 cm. LS: A K+ Lime soil; Co: HEAE Compost; CF: fLAE(f15 3.6 g JRE 2.7 g iR S M 1.8 ¢
SALAF) Chemical fertilizer (including 3.6 g urea, 2.7 g monoammonium phosphate and 1. 8 g potassium chloride) ; RHB: #&5¢ /% Rice husk biochar;
WB: Ak Wood biochar.
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Fig. 1 Effect of interaction between blochar based fertilizer and stumping measure on total heat of
individual of Robinia pseudoacacia Linn. seedlings
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Table 4 Correlation coefficient among nutrient content in soil and indexes of dry mass and caloric value of individual of Robinia pseudoacacia
Linn. seedlings under interaction between biochar based fertilizer and stumping measure

ok NEHEFREI A E ZEL  Correlation coefficient among different indexes

Index oM AN AP AK DC, DC,. AC, AC,
AN 0.257*

AP 0. 7353 0. 549

AK 0. 8975 0. 3583 0. 797 5

DCy 0. 284 3% 0.226* 0. 302 0. 349

DC;, 0.372%% 0.227* 0. 280 0. 335 0.198

ACy 0. 2803 0.230* 0. 299 #x 0. 343 0. 999 %3 0. 187

ACy, 0. 364 % 0. 234 0. 274 % 0. 322 0. 189 0. 997 #x 0.178

m 0.223%* 0.167 0. 159 0.336%* 0. 339 0. 421 #x* 0.331%* 0. 397 #x

D OM. +HEH ML 5 4 Content of organic matter in soil; AN T HEH A S B Content of available nitrogen in soil; AP - 33U S 2 & Content of
available phosphorus in soil; AK: 4 A 275 Content of available potassium in soil; DCy: R HVE Dry mass calorific value of branch;
DCy : M T E#YE Dry mass calorific value of leaf; ACy: #7 25 K53 #H Ash free calorific value of branch; AC, ; M2 K73 H Ash free calorific
value of leaf; m: ST Total dry mass. * ; P<0.05; #%. P<0.0l.
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