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WANG Qlang , GENG Zeng-chao'*", XU Chen—yang , GUO Jing-yu', LI Qian-qian', LIU Li-li’, ZHAO
Han-hong*, DU Xu-guang’

(1. Key Laboratory of Plant Nutrition and Agri-environment in Northwest China, Ministry of Agriculture, College of Natural Resources
and Environment, Northwest A&F University, Yangling 712100, China; 2. Key Laboratory for Agricultural Environment, Ministry of
Agriculture, Beijing 100081, China; 3. College of Forestry, Northwest A&F University Yangling 712100, China; 4. Rural Energy
Workstation in Mianxian County, Hanzhong 724200, China; 5. Agrotechnical Promotion Station in Mianxian Country, Hanzhong
724200, China)

Abstract: Soil microbial metabolism is vital for nutrient cycling and stability of an ecosystem. To elucidate the long-term effects of
biochar application on nutrient limitations and carbon use efficiency (CUE) of soil microbial metabolisms, biochars pyrolyzed at 450°C
from trunks and branches of fruit trees under an oxygen-limited condition were mixed with the top Lou soils (0-20 cm) with application
amounts of 0, 20, 40, 60, and 80 t-hm™ in 2012. Corn-wheat rotation was carried out afterwards for seven years. The nutrient
limitations of soil microbial metabolisms were analyzed quantitatively through ecoenzymatic stoichiometry in 2019. The results indicated
that; (D With an increase in the biochar application amount, soil moisture, organic carbon, total nitrogen, C: N, C: P, and N: P
significantly increased, whereas there were no clear patterns for the active components of carbon, nitrogen, and phosphorus, microbial
biomass carbon, nitrogen, phosphorus and total phosphorus. In contrast, the activities of five extracellular enzymes (-1, 4-
glucosidase, cellobiohydrolase, leucine aminopeptidase, B-1,4-N-acetylglucosaminidase, and phosphatase) were significantly reduced.
) The soil microorganisms suffered from the phosphorus limitation under all treatments in this study. In the treatments of biochar
application, the carbon and phosphorus limitations of microbial metabolisms increased significantly with increasing application amount,

whereas the microbial CUE decreased significantly. When the application amount was 20 t-hm >, the carbon limitation (0. 625 =+
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0.022) and phosphorus limitation (62. 153° +0.892°) were lowest, and the microorganism CUE (0.511 £0.007 ) was highest.
(@ Partial least-squares path modeling (PLS-PM) showed that soil carbon, nitrogen, phosphorus, and their stoichiometry had a very
direct positive effect on phosphorus limitation (P < 0.01), and there was a positive correlation between carbon limitation and
phosphorus limitation (R* =0.242, P <0.001); in contrast, the carbon and phosphorus limitations had a very significant negative
effect on CUE (P <0.001).

imbalance, which deteriorated the phosphorus limitation of the soil microbial metabolism and further led to carbon limitation and

It was revealed that the excessive application of biochar had caused a soil element stoichiometry

reduction of CUE. When the biochar application amount was 20 t-hm >, C and P limitations were lowest, and microbial CUE was

highest. Therefore, 20 t-hm

carbon dioxide emission produced by microbial metabolism.

was optimal for regulating soil microbial metabolism, maintaining ecological functions, and reducing

Key words: biochar ( BC) ; ecological stoichiometry; vector analysis; microbial nutrient limitation; carbon use efficiency
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Table 2 Soil physicochemical properties under different biochar application amounts

b TOKE/ % FHE/grem™® SOC/g-kg! TN/g-kg ! TP/g-kg ™' C:N C:P N: P
BO 18.68 +0.34c 1.44 £0.04b 10.91 £0.24e 1.14 £0.0le 0.90 £0.01b  9.53 £0.22¢ 12.09 0. 30e 1.27 £0. 02d
B20 18.83 £0.19¢ 1.54 +0.02a 16.15+0.24d 1.23 £0.0lc  0.96 +0.01a 13.15+0.24d 16.87 +0.22d 1.28 £0. 02d
B40 18.71 £0.28¢  1.39 +0.03¢  20.31 £0.59¢ 1.17 £0.01d  0.89 £0.02¢  17.32 +£0.51c 22.95 +0.77¢ 1.33 +0. 03¢
B60 19.61 £0.25b  1.33+0.03d 27.92+0.21b 1.32+0.02a 0.91 £0.01b  21.12 +0.36b 30.53 +0.40b 1.45 +£0.03b
B8O 20.01 £0.25a 1.41 £0.02¢ 29.02 +0.86a 1.30+0.01b  0.85+0.02d 22.34 +0.64a 34.01 +1.44a 1.52 +0. 04a
o oH DOC AR AR AR MBC MBN MBP
/rng-kg'l /mg-kg'] /mg-kg'] /mg-kg_] /mg-kg_] /mg-kg_] /mg-kg'l
BO 8.05+0.08a 245.05+5.66d 3.85+0.31d 1.92+0.12b  6.82+0.30c 177.92 £6.67a 7.37 £0.2la 3.64 £0. 19¢
B20 8.03 £0.01ab 251.61 +3.08c 4.89 +0. 68¢ 1.77 £0.09¢  6.39 £0.20d 168.91 +£2.64b 4.89 +0.40d 5.58 £0.33b
B40 8.02 +0.04ab 265.83 +3.03a 5.21 +0.31¢ 1.97 £0.18b  6.87 £0.28¢ 117.42 +5.87d 3.17 £0.95e 2.08 £0.24d
B60 8.01 £0.04ab 259.57 £8.03b 11.04 £1.15a 1.85 0. 16bc  8.20 £0.39b 149.37 +4.15¢ 5.44 +0.47¢ 7.23 t(.).u63a
B8O 8.00 +0.04b 240.55 +2.18d 6.86+0.56b 2.13 +0.16a  8.91 £0.47a 170.84 £4.67b 6.20 +£0. 36b 3.42 +0. 32¢
1) AN R R 7R AN [ b 34 0] 22 57 74 3 i 27K F- (P < 0. 05) , T Al J — ',L'
2.1.2  ARE PSR SRR T SO TR L F1(2.58 x 10%# 116.25 ) nmol-(g-h) ¥ ( BG t

H N 4y 3 A 3B G WA T 5 R LS RII
V(3 3) LI A 4 56 4 o 18 B35 4 08
%, 7 B8O Ab R R/, BG . CBH [NAG  LAR I AR
FEHESS B (0,99 x 10° +38.48) . ¢07 18,«' mﬁw

CBH)/(NAG+LAP)T B8O (2. 00 +0. BS)FPE
FH At 40 B (P <0.05),(BG + CBH)/AP-?L BO
(0.47 +0, 02)%[1 B80Y( 0.45.+ 0. oz)ﬁuﬂqﬂﬁ
THofb b B8 1 ( NAGH+ TAP) /AP 7 B20 (0..33- - y

10.05) 1 (0. I} ><103 +6.59) . (047 ><10 +24~65) 0.02) fi K, *”F%TEWLIE
[ 4 [ mum £ wE R r&ttt?
f Table-3, Soil extracellular eruyrrie actlvmes and enzyme activity ratios undetdifferént biochar application amounts
UL BG . CBH “ NAG ‘ IAP AP C:NM G- N: P-fif

BO |/ 2. 50g1o3+114 95a 0.35x10% +15.38a 0. 29x103+13 24a. 147'x 10° £46.17a 6.10x10> +138.91a 1.62 +0.09b 0.47 £0.02a  0.29 +0.01b

B20
B40
B60
B80

0.94 x10%+24.70d  0.20 x 10% +6.0lc

1.28x10%£62.93h  0.22x10%+5.35h  0.14x10% £8.58b  1.08 x 10% +58. 13b 3.64 x10> £171.29b 1.24 £0.09d 0.41 +0. 03be
1002 x10° £31.30c 0.21 x103 +11.04b  0.14 x103+7.18b  0.72 x 10> +27.57¢ 3.10 x10° +121. 77¢ 1.44 £0.04c 0.40 £0.02¢
0.12x10%£5.36c  0.60 x10% £28.67d 2.64 x10%£39.54d 1.59 £0.07b 0.43 £0.01b
0.99 x 103 +38.48cd 0.18 x10> £10.05d  0.11 x 103 £6.59¢  0.47 x 10> +24. 65¢ 2.58 x 103 +116.25d 2.00 £0.08a 0.45 £0.02a

0.33 £0.02a
0.28 £0.01c
0.27 +0.01c
0.23 £0.01d

1) S AN S ML A A nmol « (g+h) ~' (L SOM ) ;C: N-f§ 7% (BG + CBH) : (NAG + LAP) , C: P-i§ 375 (BG + CBH) ; AP, N: P-[if /R (NAG +

LAP) : AP, R[]
2.2 EREEAEH R R R T

AN TR A By it Jin 2 5 Ah B ) A Al AL 2 B
TEAETE S [ B 1 (a) ], 3X 3R W] A= W o 5 B 52 T
AEWFRI IR, AN 1 (a) B, BT AT B8 2
FRELR (1:148) , X R L300 AE W E TS 32 20 B 10
7o PR AS B 3 A el P R D TS P AR R E 513
OAL R B A R A R it A A Al R0 RN g ) B
AL AT (b) FE 1 (e) ], A (A 0.587 ~
0. 746 ) FIFEE ( M\ 60.987° ~65.739°) 7 B (P
<0.05). B20 &b 3 o 5 B FA B J K, 2 5
(0.625 +0.023) Fl (62. 153° +0.892°) , FH] B20
G2 4 52 380 18 i PR o) R 28 FIR o B 5. B8O MY 2k 1
K (0. 736 +0. 007 ) 5 51, 7 W AH X ffk B i 5 = 5
[FHE, B8O 15 £f Ji (64.904° +0. 690°) fit iy, 7%

HHAR X Bl PR ) it i LS A S R K B2 IE
FOCRR [ 1(d) ], A A it 2 i 3 m, £
BRIV W A S 2 Tl R ] Rl PR i s 1 7™
2.3 HAI A IERAY) CUE

T HEAEY) CUE T it i 2B W) o 45 Ak 3] 22
BECE 2), N 0.469 (F = 173.429, P <
0.001) , 7€ B20 F1 B6O i i 2] 5 i A1 e AR AH, 4331
J90.511 £0.007 F10.412 +0.011. B20 F1 B40 5
ZEARE, UZEY CUE 22 548 835 (BBE G A= ) ik
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‘ Table 4  Correlations between soil physicochemical properties and microbial biomass/microbial metabolic characteristics
£ KERE KitME/°  CUE BG CBH NAG LAP AP C:N-fif  C:P-ilf  N:P-i§f
Tk 0.575™ 0.574™" -0.841"" -0.506 " —0.561 " -0.537 " —0.688 " —0.587 " 0.656 " 0. 165 -0.658 ™
HE -0.486 " -0.530 " 0.639 ™ 0.283 0.199 0.203 0.526 " 0.350" -0.463"  -0.142 0.597 "
pH 0.010 -0.207 0.254 0.365" 0.336" 0.339" 0. 308 * 0.340* -0.044 0.183 0.133
S0C 0.440  0.676 ™" —0.898 " —0.821"" -0.825"" -0.817 " -0.956 " —0.886 " 0.530"" -0.06 -0. 659 "
TN 0. 308 * 0.380°  —0.858"" —-0.686 """ -0.728 " —0.732"" -0.744"" -0.750 " 0.376" 0.015 -0.398
TP -0.690 ** -0.717 ** 0.415  0.135 0. 124 0.074 0.438 0.194 -0.741"" -0.215 0. 817 **
C:N 0.422  0.710™ -0.861"" —0.844 " -0.839 " -0.830 " -0.976 * —0.903 " 0.517 " -0.105 -0.672""
C:p 0.500 " 0.720 " -0.893 " -0.791""" —0.798 " -0.783 " —0.953 " -0.860 " 0.594" -0.026 -0.718 "
N: P 0.627 " 0.690 " —0.890 " -0.605 " —0.637 " -0.610 " —0.818 " -0.689 " 0.710 " 0. 139 -0.762 "
MBC 0.301° -0.357" -0.033 0.519 " 0.368" 0.401™  0.437" 0.449™ 0.263 0.598 **  0.088
MBN 0.541 " -0.179 -0.233 0.620 ™ 0.527*" 0.548 " 0.402"  0.527 " 0.470 " 0.743 ™ -0.157
MBP -0.171 -0.314*  -0.384" -0.177 -0.198 -0.247 -0.065 -0.199 -0.207 0. 040 0.290
DOC -0.475"  0.036 0.134 -0.362" -0.233 -0.275 -0.209 -0.293 -0.481" —-0.542" 0.209
HAR 0.216 0.337°  -0.803™ -0.583 " -0.547 " —0.578 " -0.644 " -0.631 """ 0.235 -0.035  -0.330"
BAEA 0.512 0.464™ -0.288  -0.100 -0.132  -0.100 -0.308* -0.155  0.559™*  0.204  —0.554 "
B 0.712°*  0.643 ™" -0.862"" —0.435" -0.466"" -0.439" -0.697 " —0.533™ 0.765"" 0.276 -0.774

1) BT FRIRAR SN L B i WA R KR 5+ FoR BENIKF 0. 05 5w F7R BRI 0. 015 e F78 B2 EKF 0. 001
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Fig. 2 Box plots showing CUE of microbial communities

under different biochar application amounts
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Fig. 3 Partial least-squares path modelling ( PLS-PM)
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