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Table 1 Basic properties of the tested soil

o EER/IRYS R EEE R
4 HEe
. pH Soil organic carbon Total N C/N Available P Available K
Soil type B . o o
(gkg™) (gkg") (mgkg ) (mgkg™)
e (Eekt) Y 5.44+0.19 6.25+0.83 0.79+0.12 4.59 14.13+2.24 186.7 = 24.59

e B 3R E A T 1E + AR Note: Data are represented as mean *+ standard deviation of triplicate samples. MDRed soil

( Ferrisol )
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+EpHAPHITE (KLt H25:1) . L
ST LR I 42 2000 301 SR FH A% R B AR Ak vk AL
FERIRINE , A RO R AR R A AR 4 — 4
o ykiiae , SR R H O BRIZ R A B — Kl
JEEI G, BRSSO A2 5 87 0
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1.4 BIOLOGXL

K HIBIOLOG ECOM -4 I 5 21 3 (1) il A= 9
RS, BT E U T . ARE0 g
T90 mIK AR ER K H (0.85%NaCliEs i ) , VU
200 r min'F2¥%430 min, RJ5HEFEL KRB R
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Fig. 1 AWCD curves in BIOLOG assay
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Fig. 2 Plot of principle component analysis ( PCA ) of carbon source utilization in BIOLOG assay

F2 S5 IHEENKERBEXRE (7>0.5
Table 2 Carbon substrates high in Pearson’s correlation
coefficient with PC1 (r>0.5)

IR HHI R B

Carbon substrate Correlation coefficient »

L5 & BRL—Arginine 0.94
L-# 2 iR L-Threonine 0.78
D-H#fED-Mannitol 0.77
B Glycogen 0.61
D-£- 4k —#E#D—Cellobiose 0.53
i 500
S 400
[}
(=9
= 300
£
2200
F
ﬁ 100

2.2 EIHE AR AL 3 £ 1 R ISR 1

SR JH e AT 6 AN ) i FES Ak 8 v 21 Sl 2 3
s AT 9, IR Z (K3) |, JF
PLEHM S8 (£R3) o GREY, RIR
MR AFTEf a0 . FR B E RIS OMAL#E
K E SR, . R BCRE Bk, BRI
0 (p>0.05) , (HEBEUAT KRR, , #lan
OMALHET,  426.07 h, BEMTCKARAY28.78 h
FNPKALPE928.04 h (p<0.05) , BLBIOMALPEfE
R v 2 A R

20 25 30 35

e time (h)

I3 A [r it A Ak 34 - JE R )y o5 iy 2k

Fig. 3 Power-time curve of the soil relative to treatment
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Table 3 Thermal dynamic parameters of the soil relative to

treatment
ﬁiﬁ -1 -1
P (W) T (h) k(h™) 00g)
Treatment
CK 524.6a 28.78a 0.17a 14.85a
NPK 488.7a 28.04a 0.15a 14.84a
OM 523.2a 26.07b 0.16a 14.87a

TE: P R RIIA, T, F78 15 3 d KT 0 )
), KSR XA KA A S R KRR, OF TR AU
AR A A R SR [ PR ] R SRR 22 Rk B KT
(p<0.05), TIANote: P,,, represents the maximum thermal
power, T,. represents the time to show the maximum power, &
represents the growth rate constant at the exponential phase, Q
represents the total heat dissipated. Different letters in the same

column mean significant differences at 0.05 level. The same below
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Fig. 4 Power-time curves of the soils amended with different C substrates
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Table 4 Thermal dynamic parameters of soils amended with different C substrates

JE Ak B P T k 0
Substrate amendment (pW) (h) (h") (Jgh)
CK 524.6b 28.78ab 0.17a 14.85a
CK+L—4§ & R CK+L—Arginine 415.9¢cd 21.55d 0.16a 14.49a
CK+H# 5 CK+Glycogen 560.8a 26.40b 0.18a 15.02a
CK+D—-H g CK+D—-Mannitol 526.3b 28.05ab 0.16a 14.87a
CK+D—£F 4 —§ECK+D—Cellobiose 510.1b 28.94ab 0.17a 14.56a
CK+L-# &R CK+L—-Threonine 523.2b 29.92a 0.17a 14.64a
OM 523.2b 26.27b 0.16a 14.87a
OM+L—¥5 & B OM+L—Arginine 362.8d 21.50d 0.15a 15.75a
OM+#E 5L OM+Glycogen 559.1a 25.28¢ 0.18a 16.14a
OM+D-H #EELOM+D-Mannitol 513.1b 27.94b 0.16a 15.87a
OM+D—4£F- 4t —#OM+D—Cellobiose 507.3b 27.67b 0.17a 15.86a
OM+L-J7 & i OM+L-Threonine 519.3b 29.74a 0.17a 14.64a
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Use of BIOLOG and Microcalorimetry in Combination to Study Factors of
Carbon Sources Stimulating Metabolic Activity of Soil Microbe in Red Soil

XU Jiangbing" * WANG Yanling' LIU Ming® CHEN Meijun' LIN Xiangui’
(1 International Center for Ecology, Meteorology and Environment ( IceMe) , School of Applied Meteorology, Nanjing University
of Information Science and Technology, Nanjing 210044, China )
(2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China )

Abstract [ Objective] Soil microorganisms are important active components in the soil. To understand
impacts of farming practices on agro-ecosystems, it is of utmost importance to unfold researches on soil
microbial metabolic activity in the farmland. The technique of BIOLOG Eco micro-plate assay is a conventional
tool to evaluate soil microorganisms’ ability of utilizing carbon of one solesource, and though having some
limitations, could provide clues to source of the carbon utilized by soil microbes relative to farming practice,
while microcalorimetric technique is another means to characterize soil microbial activity by measuring
heat dissipation and one of high precision. However, being a non-specific technique, it could, only with
the support of specific techniques like BIOLOG, provide more explicit information about functions of soil
microbe. Previous studies done by this group of researchers reported that BIOLOG could be used in couple
with microcalorimetry to detect the factors of carbon source influencing metabolic activity of the soil microbes
in the acid and neutral soils. However, little information has so far been reported about this issue in acidic
soils. [Method] In this study, samples of red soil, a typical type of acid soil, were collected for exploration
of ability of the soil microbes to utilize carbon substrates and microcalorimetric dynamics with the technique
of BIOLOG coupled with microcalorimetric means in soils applied with chemical fertilizers and organic manure
in combination ( Treatment OM ) . Based on the information of carbon source preference of the soil microbes
in the red soil obtained via principle component analysis ( PCA ) of the BIOLOG assay, evaluation was
further performed of effects of those carbon substrates on thermometabolism of the soil microbes in Treatment
OM and Treatment CK ( no fertilization ) . [ Result] Results show that Treatment OM significantly increased
AWCD (average well color development ) on the BIOLOG microplate as compared to Treatment CK. PCA
indicates that Treatment OM sat far apart from the other treatments along the first principle component axis.
Carbon substrates, like L-arginine, L-threonine, D-mannitol, glycogen and D-cellobiose, were positively
related to the first principle component with high correlation coefficient ( »>0.5) . Microcalorimetric analysis
demonstrates that soil microbes in Treatment OM were quite high in thermometabolic activity, which peaked
pretty soon, suggesting that Treatment OM stimulated the soil microbes in activity in the red soil. When
the carbon substrates found significant in correlation in Treatment OM were spiked into other corresponding
Treatments OM and CK, some of them, like D-cellobiose and D-mannitol, did not show any of the effect
and instead possibly delayed the appearance of peaks and suppressed metabolic activity of the soil microbes.
All these findings suggest that the technique of BIOLOG has its own limitations. However, it was also found
that some other carbon substrates, like L-arginine and glycogen did promote metabolism of the soil microbe
in Treatments, which might be explained as that these substrates play important roles in stimulating N and

P recycling in the soil. [Conclusion)] Although both the BIOLOG technique and the microcalorimetric
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technique have their own limitations, coupling of the two makes it feasible to determine key carbon substrates
responsible for stimulatingthe soil microbes in activity in acid soil. This study also demonstrates that L-arginine
and glycogen might be the carbon sources of preference to microorganisms in red soil, which further implies
that the application of organic manure rich in such kinds of carbon substratesis of great significance to building
up soil fertility in the red soil regions.

Keywords Fertilization; Combined application of chemical fertilizer and organic manure; Glycogen;

Arginine
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