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M 0.071mg/g [ %= 0.011mg/g, EE-GRSP & &
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Fig.1 EE-GRSP content of brown calcareous soil and red

calcareous soil under open/closed lid condition.
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80min M [A] A6 P SR IS S o A 840 K HFNEL (540 JK
A, B T[] B AE 4, EE-GRSP 7t AH b 1
(& 2)e WISk, $EBURBE R 121°C B, i f
JK -0k 25 HUBAE 60min Ab 14 31 42 B 1) 06 {5
gt K - BOR S A ML 2 30 EE-GRSP & i &
FERET R [F 2 TR g . DOz gs T LLE H, $R
Fsf 1] ) S AE — o B2 B b AT LA$E (R EE-GRSP #2 HX
o VRS D S5, 7E GRSP $EUE RERTHEAT
e R TR, I (0 2 e iy, IS SR 5 AR SCHE R AR B
A PRI RICR — 2

’gg 0.8 ,
£ = [ e a Kkt
E 06 L O ana ikt
+ :
Hooal
= I
o :
[ |
#]o02 f :
® : )
% o]
2, Emill
40 60 80 40 60 80
ANTF B [ (min)

B2 AREREE B a1 EE-GRSP
L
Fig.2 EE-GRSP content of brown calcareous soil and red

calcareous under different extraction time.

2.2 RN AR SRS R

BT S BOELE . Bf (] J& EE-GRSP 4 Bl 72 (1)
KHNEZE, Uk a Rkt . ataktet5
POM WHFFENT4, 8 121°C, 123°C., 125°C JRJEHS

JEFN 40min, 60min, 80min i ] BE P47 1E 328 5256,
RIS B = AT A H, S5 R LR 1, X
kv EE-GRSP #£ 1, POM 7£ 123°C . 80min 5514 F,
PRI IR B EAE, W3 T AU (p<<0.05).
Bt A0 K LT e 47 )k 4+ 1% EE-GRSP % A
P — SR, AR RS IR BCR A 121°C,
40min T
2.3 SEFafEsh eGSR

ARG Y RIS G S PR i R K
B, WA K LSRR U A K - POM 5
MAOM #17 EE-GRSP #2555 43k MK 53 &
AR PRI S A A P2, X POM(&] 3a) Al
MAOM(] 3b) fii FH AR ALAL 25 (121°C, 40min) FL
441123 °C, 80min) 23 BIHEATHEEL

R TTAR L, 2 P IO B A i
5, Baf K+ bta ikt BEEa KBRS
EE-GRSP & 3 i, A £ K - 0B A4 AL
EE-GRSP &1 H1 0.833mg/g B HZE 1.118mg/g; 4114,
A K+ POM, MAOM #il4: 1 ) EE-GRSP 5 & ¥ 1%
TAALRT. KRR T AR EA 2%, Bt
AR HESE AT R S TR L b,
I T AR IR A 00 7 %) B €8 A K - AR B A K
WA KL O A KT PRI, afn
IR AT T W 7e i Jkaih b, 1398 R Ak FH
o, AP, IR KRR =K TR, 32 35
FUBY W AE ], Fha Rk, ALY & s 8RR,
DRl S5 B P L) ar g i b T A R
BB B, 7R B B 3 B R, 4%
i B IR EE-GRSP A 8% 58 47 b R 77 . Rt

1 ARG AR E PG a kL, eL@ K1) EE-GRSP felith

Table 1 EE-GRSP content of brown calcareous soil and red calcareous soil at different extracting time and temperatures.
EE-GRSP 25U (mg/g)
PRI
Bt IR RS A LT LT IR RS A ML FEA IR+ -4 1 AR t-4 1
121°C, 40min 0.456+0.070° 0.288+0.02% 0.7+0.028* 0.276+0.012
121°C, 60min 0.688+0.045° 0.45+0.027° 0.659+0.039¢ 0.467+0.083"
121°C, 80min 0.733+0.128" 0.38+0.034° 0.89+0.082° 0.374+0.065"
123°C, 40min 0.641+0.083 0.347+0.023 0.91£0.074" 0.397+0.062°
123°C, 60min 0.610+0.025% 0.294+0.025% 1.05+0.041% 0.321+0.066*
123°C, 80min 0.963+0.054° 0.594+0.085" 1.126+0.114* 0.388+0.106™
125°C, 40min 0.581+0.052 0.269+0.019° 0.723+0.027¢ 0.256+0.014¢
125°C, 60min 0.892:0.021%° 0.387+0.027° 1.158+0.164" 0.439+0.01°
125°C, 80min 0.729+0.237" 0.306+0.016* 0.653+0.078¢ 0.302+0.005*¢

T FIUARRNG FREFOR 2257 B3 (0<0.05), FHRIFRFRERARE,

Note: Different lowercase letters in the same column indicate significant difference (»p<<0.05), and the same letters indicate no significant difference.
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Fig. 3 Comparison of EE-GRSP content from POM (a) and MAOM (b) in four types of calcareous soils. Before optimization: 121°C

and 40min. After optimization: 123°C and 80min.

T 7 A AL 45 1 i B, EE-GRSP & &% A B %
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XTI R AT B — B S5, AN RS - 18 1)
EE-GRSP £ 4 1 F 0.5 ~ 1.0mg/g; fa] JF -2 1407 3
o SEAR AR IR ], & BUAE 745 + 1% EE-GRSP 42 it
H 0.5~ 0.6mg/g. LE P SRER A K L
EE-GRSP & 75 0.4 ~ 1.17mg/g 2 [A] , i #2 Uy
B4k, A K A T R o R b DU R 2R R - Y
EE-GRSP & & # f5 7] 15 1.375mg/g. MAOM i EE-
GRSP = 30, nl A8 A HHEA P 2050 i
LG A SRS E Y GRSP 5+
HEO W) 2 ) R AR TS AR T AR T o
I3 JE B MAOM M#8 T4+ HAA T m ke tE 5
SIS DU R RE T o B I B R LA (] Y 5,
GRSP 54 ¥y . 1A= 55 T8 B 0 e o 465 46 4T ik
MAOM H ] EE-GRSP 15 DL 5 4 Hu RS il , R ¥LA
EE-GRSP 1 & R EIg .

MAOM H' EE-GRSP & & AJ DR 4T 1 5 E A
R HE I B S X AN [R] - 484, 75 22 X 4 EE-
GRSP $2HURA. X T4047 )5 (1) POM F1 MAOM #
i, B R ) I BRI R R ) i BR[| W LA KS i EE-
GRSP e, BEfA K- YEEZAIR. #
AR LT PEE AN, H A K- U PEiE
BAPLT 123°C., 80min 54 T 421, F EE-GRSP
SEAMAET 121°C, 40min AR ETHE . RO A K L-
W sEE S A YUFEA EE-GRSP & 1.233mg/g 4
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nZ 1.375mg/g, t3A JK -0 W 455 B ALY
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i Y EE-GRSP 14 liE 8k
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MR AR X A K434 POM Al MAOM,
3 2o T A2 S 50 %k AN [w] i B[] i B2 R Y EE-
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MAOM HHREUSCAF: 123°C . 80min, X 51 F#if A fd ]
) 121°C 25604 il BB AR6 . B A ML e fp
BAREMER A K 52 BR 0, Pl s B FR e
H (0 47 JK +HF POM #1 MAOM ) EE-GRSP % i i
Z 1, MAOM 1) EE-GRSP 14 % 5 T POM, %
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EE-GRSP 1E 2 4 5844 Lk 22 1) 5 220 iR 47,
H &M AL I ERIE GRSP A S I1HE . R HH X £
A HUBRREALEI TR A 3L R . At nT I,
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PR A, B A SOK 5 5 A R 404 POM
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Optimization of Extraction Method for Easily Extractable Glomalin-Related
Soil Protein from Calcareous Soil

JIANG Li'**, KANG Zhigiang*, LIANG Yueming*, WU Zeyan®, TU Chun®, LI Qiang”"
(1. Environmental Science and Engineering College, Guilin University of Technology, Guilin 541004, China;
2. Key Laboratory of Karst Dynamics, Ministry of Natural Resources and Guangxi, Institute of Karst Geology,
Chinese Academy of Geological Sciences, Guilin 541004, China;
3. Collaborative Innovation Center for Water Pollution Control and Water Safety in Karst Area, Guilin University
of Technology, Guilin 541006, China;
4. Bureau of Geology and Mineral Prospecting and Exploitation of Guangxi Zhuang Autonomous Region, Nanning
530023, China)

HIGHLIGHTS

(1) The amount of easily extractable glomalin-related soil protein from calcareous soil will be increased by
increasing extraction temperature and prolonging extraction time.

(2) An optimization condition was selected and applied to four types of calcareous soil based on orthogonal
experiments, which verifies the experimental hypothesis.

(3) The extraction condition about easily extractable glomalin-related soil protein from particulate organic matter
and mineral-associated organic matter is different from bulk soil, so it is necessary to increase extracting

temperature and prolong extracting time.

ABSTRACT: Glomalin-related soil protein (GRSP) secreted by arbuscular mycorrhizal fungi is widely distributed
worldwide, has stable properties and is not easily decomposed, which is an important component of soil organic
matter. Extracting high quality GRSP is important for in-depth research on organic carbon sinks in calcareous soil
from karst areas. However, in previous studies, the mechanism of GRSP in organic matter could not be further
studied due to low extraction yield, insufficient extraction and non-specific products. Therefore, the high extraction
amount of GRSP is of great significance to explore the formation and stabilization mechanism of organic matter in
calcareous soil. This experiment selected four types of calcareous soil from karst areas: black, brown, yellow and
red calcareous soil. By using orthogonal experiments of temperature and time, the optimal extraction conditions for
easily extractable glomalin-related soil protein (EE-GRSP) related to particulate organic matter (POM) and mineral-
associated organic matter (MAOM) in calcareous soil were selected. The experimental results showed that the
highest extraction amount of EE-GRSP was achieved when POM and MAOM were extracted at 123 °C and 80min.
After application into the four types of calcareous soil, the EE-GRSP contents increased from 4.6% to 34.2%. The
BRIEF REPORT is available for this paper at http://www.ykcs.ac.cn/en/article/doi/10.15898/.ykes.yk202402060
015.

KEY WORDS: easily extractable glomalin-related soil protein; optimization of extraction method; particulate

organic matter; mineral-associated organic matter
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BRIEF REPORT

Significance: Under the interaction of water-carbon dioxide-carbonate rocks-organisms, a global karst carbon sink
of 8.24x10% C/a is formed. Some of the carbon sinks were sequestered in the form as soil organic matter, which
plays an important role in the dual carbon goals. Glomalin-related soil protein, as a part of soil organic carbon, is
stable and difficult to decompose, and plays an important role in soil carbon sequestration'®. The extraction process
of GRSP remains inadequate. Many scholars have improved the extraction time and centrifugal force, but few of
them have optimized the extraction temperature and time by orthogonal optimization. After a single adjustment of
the extraction condition, EE-GRSP from soils was mostly concentrated in 0.5—1.0mg/g"**”). In this study,
temperature, time experiment and two-factor orthogonal experiments were carried out sequentially. After an
optimized condition was selected, four types of calcareous soil from the karst area were used to verify the
experimental hypothesis. By using this optimization extracting method, EE-GRSP content from calcareous soil can
reach up to 1.375mg/g.

Methods: Black, brown, yellow, and red calcareous soil were collected in Nonggang Nature Reserve in Guangxi,
China. Bulk samples were mixed well by removing debris such as gravel and stubs. Bulk soil was air-dried and
sieved through a 10-mesh sieve. POM and MAOM were obtained by applying the wet sieving method. The 0.5g
samples were placed in a 15mL centrifuge tube and parallel samples were set up. According to the ratio of sample
and extraction solution (1 : 8), 20mmol/L sodium citrate solution (pH=7) was added into the centrifuge tube.
Samples were put into an autoclave with the lid open and extracted for 80min at 123°C, and then centrifuged at
9500r/min for 10min after sterilization. The supernatant was retained at 4°C for the determination of EE-GRSP
content.

Data and Results: (1) The main factors affecting EE-GRSP extraction. Sterilization samples were used with
open or closed lids. After the lid was closed, EE-GRSP content decreased from 0.591mg/g to 0.105mg/g in brown
calcareous soil and in red calcareous soil from 0.071mg/g to 0.011mg/g, as shown in Fig.1. With the extension of
extraction time, EE-GRSP content increased in the brown calcareous soil and red calcareous soil sample, as listed in
Fig.2.

(2) Results of time and temperature orthogonal optimization experiment. By comparing the extracted
amount of EE-GRSP, POM peaked at 123°C and 80min, which was significantly higher than the other extraction
conditions (p<0.05), as seen in Table 1.

(3) Extraction results of actual samples. After increasing the extraction temperature and time, EE-GRSP
content of the black calcareous soil-particulate organic matter increased from 0.833 to 1.118mg/g. The previous
studies indicated that the extraction amount of EE-GRSP from non-karst area soil was 0.5—-0.6mg/g"%, and the
EE-GRSP content of brown calcareous soil was 0.4—1.17mg/g""\. In this study, the EE-GRSP contents of POM and
MAOM in black, brown and yellow calcareous soil were significantly increased about 11.5%—30.4% by using this
optimization extraction method, as shown in Fig.3. Compared to bulk soil, MAOM had higher stability and stronger
organic carbon protection ability. Therefore, by using increased temperature and extraction time, the EE-GRSP

content in MAOM is completely released, and the extraction amount can be significantly increased.
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