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Effect of lime combined with biochar application on soil microbial activity in
a Phyllostachys violascens plantation
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Abstract: [Objective] This study aimed to investigate the effects of combined application of lime and biochar
on soil enzyme activities and microbial carbon metabolism functions in a Lei bamboo (Phyllostachys
violascens) plantation, so as to provide a reference for ameliorating soil acidification in these plantations.
[Method] A field experiment was conducted in a Lei bamboo plantation with treatments of sole biochar
application (10 and 20 t-hm %) and their combination with lime (4 thm?), using no amendment as the control.
The effects of combined application of lime and biochar on soil chemical properties, enzyme activities, and

microbial carbon source metabolism functions were analyzed. [Result] Compared with the control, sole lime
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application significantly increased soil pH, electrical conductivity, microbial biomass carbon and nitrogen
contents, and the activities of and leucine aminopeptidase (P<<0.05). Sole biochar application increased soil pH
to a lesser extent than lime, but significantly enhanced soil organic carbon content and f-glucosidase activity
(P<<0.05). All combined applications of biochar and lime significantly increased soil pH, organic carbon and
microbial biomass carbon and nitrogen contents (P<<0.05), and improved the utilization rates of citric acid and
aspartic acid as well as soil basal respiration rate. Sole biochar application significantly increased the bacterial
abundance-based coverage estimation (ACE) index and Shannon index (P<<0.05), while the lime treatment
altered the bacterial community structure. Sole biochar, sole lime, and their combined application all
significantly increased the fungal ACE index and Shannon index (P<<0.05). Partial least squares path modeling
revealed that lime application increased soil basal respiration mainly by raising soil pH and microbial carbon
source utilization rate, whereas biochar had a minor effect on soil basal respiration. [Conclusion] Combined
application of lime and biochar can effectively reduce soil acidity in Lei bamboo plantation, synergistically
increase soil organic carbon and microbial biomass, and enhance the microbial utilization capacity of carboxylic
acid carbon sources. [Ch, 5 fig. 3 tab. 30 ref.]
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Table 1  Effect of biochar and lime application on soil physicochemical properties and two-way ANOVA
e o EEE'F%/I 7@%@%/ ’i‘?}?\i T iﬁﬁ:‘%i%ifﬁ% Tﬁi%i%if\ MBC/MBN
(mS cm ™) (gkg ) (g'kg ) (MBC)/(mg-kg )  (MBN)/(mg-kg )
ck 4.09+0.07d  0.12£0.02b  37.95+1.76 ¢ = 3.64+0.31a 10.51£1.42b  300.00+39.87 d 31.54+8.35 ¢ 9.73£1.32 be
B1 4.28+0.06 cd 0.11+0.02b 44.43£1.51b  3.39+0.32a 13.18+1.26 ab 744.28+111.59 bc 64.53+£5.17b 11.67+2.7 ab
B2 448+0.20c  0.11+0.03b 49.03+4.34a  3.43+0.25a 1443+234a  642.52+99.17 ¢ 67.16£10.02 b 9.83£2.76 be
L 7.45£0.03a  0.20+0.06a 36.77+1.88c  3.45+0.11a 10.68+0.78b  954.37+£179.53 a 116.58+21.81 a 8.19+0.54 b
BIL  7.00£0.15b  0.18+0.05ab 46.96+0.91 ab 3.67+0.46a 12.94+1.80ab  903.54+39.26 ab 63.19+£3.16 b 14.32+0.83 a
B2L  7.32£0.12a  0.22+0.03a 44.12+0.32b  3.28+0.31a 13.51+1.25ab 622.66+59.55 ¢ 56.93+6.09 b 10.96+0.59 be
B * ns sk ns Aok * ns *
L ok ok ns ns ns ook ook ns
BxL ok ns * ns ns kK kK ns
e ek XTRE; B1.10 t-hm A4 B2. 20 thm > MBS L f1 Ko BxL. 1 K-S M BRI EARRRL . [RFIA [R/NE 5
FFRER B F (P<0.05), *FR P<0.05; ***+F/R P<0.001; ns TN RE,
22 TIEEEEEMTN
MR 2L SXRAALL, EYBRRIEREY. %2 £¥ERREARN B HEEE N2

ERAZFTESH

Table 2 Effect of biochar and lime application on soil enzyme
activities and two-way ANOVA

ﬁﬁ%ﬁ%ﬁﬁﬁ{ﬁ e/ SERTRESLIEE  RRTERERR RS 1/

SR T - AR AR R M B R TS 7 (P<<0.05),
Horf 20 t-hm 2 A9y oAb B B AR T R R R E
RGNS T (P<<0.05)o Hujiti f1 K i E HE T+ g A M AT
it 5 72 R R B L RREEE 1 (P<<0.05), HIEEZFKT

(nmol-g'*h™")  &HM/(hmol-g'+h™") (nmol-g'-h™")

FRVEBEER B IS M (P<<0.05). 10 t-hm? AR 54 o« 253421264 11.54£0.65¢  168.70414.30 be
IKBCH AL BRAE RS T3S 0 p- AT MRS E IR Bl 34684074 11.86£027¢  197.87+2137a
FERRBETEE s 20 ¢ hm AW BR 5 A OKECHEWFEE B2 31.08:041bc 1627+0.70b  181.53+9.64 ab
T BT RS, AR TRV A L 29.20+1.47 ¢ 176760302 95.38£6.54d
JRR AT KNS p-F 2 BT . Fe R PR & SR SR BIL 32.7143.22ab 18.6£0.66a  154.25£12.89 ¢
PEREBR BHE MR BB (P<<0.05); MI#FXF A~ Bl 2292:1.64d 15.64:037b  95.44+9.26 d
AR AN R AR TR e R i i E s B o #ak *
HRUY (P<0.001), L * *
2.3 TIEMEYHRERIEENTK BxL e e ns

M2 3 R0 S RRAR LG, B AR 4 o oA ek BElT: ck. X BI. 10 t-hm™ AR B2 20 t-hm™ 2

AR L LR, AR FERRR T WA S T FR
AR (P<0.05); Hujifif1 IR FRTT T LSRR

MR L. A3 0K, BXL. £1 15490 % 0 B AERL
N o FRFIARIING 8RR 2 5 i # (P<0.05),

*RIR P<0.05; ***+3K/x P<0.001;

ns FRARALHE
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WP APEIR AR A IR R R (P<<0.05). AW 0k 5 A K B i b BE A - ESERE T 55 it A A
1 B RAR T AR R (P<0.05). A K54V FURTCH I ER . RAERA R L E S
FXF B8 KA W R AL B (P<<0.05). RUHRZE Ty 25081 R« AR AU IO - S RE T | 8505 B R
A TR A %A 8 3 BRSO (P<<0.05).
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Table 3  Effect of biochar and lime application on the functional diversity of microbial carbon metabolism in soil and two-way ANOVA

e eI/ HIATEA =/ TP FH %/ KA TR A 3/ TR A R
(ngrg'*h™) (ngrg'+h™) (ngrg'*h™) (ngrg'+h™) (ngrg'*h™)
ck 0.57+0.15 b 2.13£0.26 a 1.00+0.31 ¢ 0.3120.16 ¢ 1.26+0.29 ab
Bl 0.32+0.11 b 1.45+0.22 b 0.33+0.12 ¢ 0.32+0.08 ¢ 0.28+0.03 ¢
B2 0.24+0.09 b 0.44+0.07 ¢ 0.50+0.15 ¢ 0.50+0.05 ¢ 0.37£0.15 ¢
L 1.2340.26 a 1.9440.12 a 5.81£0.53 a 5012021 a 1.4340.40 a
BIL 1.1940.24 a 0.48+0.13 ¢ 3.79+0.71 b 3.10£0.40 b 0.50+0.03 ¢
B2L 1.18+0.19 a 0.32+0.09 ¢ 4.28+0.65b 326028 b 0.94+0.26 b
B * sdokok * skeksk sdokok
L - o - - *
BxL * * ns R ns

Uil : ck. XA B1. 10 t-hm > AW Hise; B2.20 t-hm > AEWFisc; L. A K. BxL. A KSHEY TR EAERN . FFARRE/NG S
HFRREFBE (P<0.05), *Fx P<0.05; ***3FR P<0.001; ns FRANEE,

24 TEMAFRMEREABMNETW

S IRAR LG, B A W T R AR T R BT Actinobacteria AHXF B, 32 TORE4AN R T T Myxococcota
FERT 2, T Bt Ay K B L5 A ) S e T it Ak B AT T TR TR T T RN AT B 1] Acidobacteria AHXS 1
B4 T4 ] Chloroflexi AHXT B2 (K] 1A), XTEEHEE, Hi/H 20 t-hm™ AP B oAb FEREAR T T4
1] Ascomycota HHXFFBE, 5 T F ] Basidiomycota A FJE; Bt f1 KARE T TR T IAXE
B, ARSI B & T T A S (E 1B).

A 100 B 100
HoAb 41 1 SR S EC R
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o FE4HE ] Myxococcota = 17 %1 Basidiomycota
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i 60 | 425 ] Chloroflexi ' 60 L
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= JHZRH ] Actinobacteriota =
_;EL AR Proteobacteria Z=
40 # 40
g a
Sy
20 20 +
ck Bl B2 L BIL B2L 0 ck Bl B2 L BIL B2L
W GBLIEAEN AbFR A

ck. X BI. 10 t-hm22E)E 5 B2. 20 t-hm 2B H % L. kK.
A1 BhEAEHRKEESLEME (A) o AH (B) FHEARNTF LG ¥R
Figure 1  Effect of co-application of lime and biochar on the relative abundance of soil bacterial (A) and fungal (B) communities
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10 1 20 t-hm 2 2= 4 5 e A0 5 3B 42 25 T 4B B Shannon F541 (P<<0.05), SXHEAHIG, BG4I FRR . A
IR L 2 P it Ak 3L i I 3 B R LT 1Y ACE F5%0F1 Shannon $5%% (P<<0.05).
25 i HEEMERSEEENEZRIEFSEE

Mantel 7387 (Kl 4) L1 . &R 2 5L K5 B 18 ACE (abundance-based coverage estimation) 5 40 5 i}
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A ANOSIM: R=0.596 7, P=0.001 0 B ANOSIM: R=0.4477, P=0.0010
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Figure 2  Principal coordinate analysis (PCoA) of the effect of co-application of lime and biochar on the structure of soil bacterial (A) and fungal (B)

communities
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Figure 3  Analysis of diversity indices for soil bacterial (A, C) and fungal (B, D) communities under co-application of lime and biochar

FIEADC (P<<0.05), MRVEBERRMGS T pH, SR FPERRFI IR | KRR A 2 IEA G
(P<<0.001), IFEFLRHIEIEHAR S A AR . 405 Shannon $5 455 35 IEAHIC (P<<0.05).
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W2 AR BN AN I 3

3 4tk
30 BRIEMRSE AN TSR RO

ABEFEFRM] Tl TR R 4 pHL, i AR )RR pH 4R IR SRR X5 A K B R
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Figure 4 Mantel analysis between soil basal respiration and enzyme activities
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Figure 5 Partial least squares path modeling (PLS-PM) of the drivers of soil basal respiration
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