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Table 1  Plot information
FEHD At WHm  BFERTE] P RFBAEY) MM BHHE AT
23°23'39" N HAA(Delavaya A
Mt F lo7oranar g 24620 20064 it oxocarpa Franch) 3.20 ToBHE: TEHEAE
PEE (Arundinella
nepalensis Trin.).
e 23°2328" N WBRIE B BRWephrolepis .
G 107°2324" E 196.33 20034 S auriculata (L.) Trimen). 0.50 TR e
Y% ¥ (Bidens pilosa
Linn.)
N N o HEESE, R
Higps 22BN 03 BEES T HF’_’%‘(S““}’ZW ggﬁiﬂ; 2'3ﬁ§%# N:P,05:K,0=
107°24"28" E officinarum Linn.) % Es (X 45:15:28 kg /R /AF
\ e AR, A
B S iRVl 12037322; 3321\]]5 32980 HHFNES FH EHK(Zea mays L.) if E’:i ligif\ﬁ N:P,0,:K,0=
AR 25:10:16 kg /Hi/4F
2.3 HEAE 57.11%) S35 w5 TR 3t 1) H 3 (16,949 ) 1T K

4 K Excel 2010 ¥4 B, SPSS 20.0 #4714t 11
53 M7, Origin 8.5 VE Rl o 1] rf 5540 349 4y 35 {8 75 o 22
(n=3), RHHAHERZE 2541 (one way ANOVA, Tukey,
P<0.05) FbHEA [R) B U it 4 [/) 22 57, 5% ] Pearson 4
KRBT AN [FIHE B ] A AH M (P << 0.05) o

3 HREHNH

3.1 AELHF AAX T EEUEHE

Aa] £ A oK - AR AR T LR 2, R
()t - S H A W 25 e, (L) 5 R
H<3B B < H M < Tkt fa % . XFF 4
VAT SR PR AL, AR Bk J A b R 5 e %) K AT R 1k (42.82%,

(5.49%) , T A B AK (4.58%, 1.76%) W) i A% T H 7
H(12.42%) FIl T K 3 (16.34%) . A [6) £ s pH N
5.09~8.20, Hirr, Bl | b 3y 2 = T H R R &
KHb . 5 HREHE(103.39 mgkg ' 3.22 mgkg ) I E
K H (105.02 mg-kg . 3.07 mg-kg ™) M e, 1B #E S bk
Hiu RN R M ) S R AR R ) 156.55 mgkg
166.49 mg-kg ', i 1 %% 8 W) 0 3% MK & 0.41 FI
0.30 mg-kg ',

32 AELHMFRAAXNLEGNREERSFIAAH
SIHHIE

AN TR - S9AT AIURS 4 K B R 4 40 B L
WE 1. SR IR PR & 15.89~34.12 g-kg
BB M (34.12 g-kg ) FTREHE (32.45 gkg ) FHk

2 TEIFEM IR R
Table 2 Soil physicochemical properties of different plots

T B F Wi G HREM S Eoki M
AH/gem” 1.10£0.12 a 1.09+0.05 a 1.20+0.12 a 1.29+0.04 a
KA R 42.82+0.42 a 57.11£10.98 a 16.944£2.74 b 5.49+0.95 b
S—— /NI TAR 39.70+3.50 ab 27.14+8.89 b 43.67+6.88 a 48.43+3.58 a
T A 2 A 4.58+0.37 b 1.76+1.44 b 12.42+1.85a 16.34+£5.70 a
HoAthy 12.90+3.64 b 13.99+0.94 ab 26.96+8.36 ab 29.74+8.19 a
pH 6.87+0.06 b 8.20+0.13 a 5.09+0.85 ¢ 6.00+0.22 ¢
A /mgkg 156.55+17.12 a 166.49+28.09 a 103.39+8.20 b 105.02+5.57 b
U /mg-kg” 0.41+0.19 b 0.30+0.05 b 3.2240.67 a 3.0740.18 a

T AN FRER R Al — 8 R A R R HE0.05 /K- 22 52 . 25 . Rl

Note: Different letters indicate significant differences among plots at 0.05 level. The same below
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Fig. 1 Contents of total and easy-to-use components of

soil organic carbon in different plots

Note: Different letters indicate significant differences among plots at 0.05

level. The same below.

& R, A e H M (17.26 g-kg ) Y 1.98 FlI
1.88 1%, /0 Wl & K b (15.89 gkg') AY 2.15 Al
2.04 %, HIEHL AT AR (194.68 mgkg ') B & & T
ARHb . BRI E KM, AR (985.35 mg-kg ) T E M
(1110.04 mg-kg ") 3 A= 9 4= W b o ) e H e
H1(364.07 mg-kg ) 9 2.71 F1 3.05 15, 43 542 K Hh
(313.92 mg-kg )Y 3.14 F1 3.54 %,

AT PRl A 0 A ik o A BILAR L BBk
B (6 3), HREH 0 v R S A LR = HdRe R,
1.14%, BB 5 7 b AR A B 3 25 5% 0 S ik
YW R S A B Z L, IR B B (3.54% ) B3
T H R (2.09%) . FoKHL(1.98%) . Al iEPEK S

* 3 AEHEFHTIZESH AEkE S SHHLEREG/%
Table 3 Proportions of soil easy-to-use carbon components to

the soil organic carbon in different plots/%

AR, UAEMIAY) (ATIRAPERRHEY)
=3 HHR  ERAANR R/ DLk
DC/OC MBC/OC (DC+MBC)/OC
MHF  029+0.07c  2.91£0.49 ab 3.20£0.55 a
TG 0.4120.09bc 3.54+1.17a 3.95+1.27 a
HEEHL S 1.144022a  2.09+022b 3.2440.01 a
EARH M 0.70£0.06b  1.98+0.17 b 2.67£0.13 a

TE: DC-RIVAEERK, MBC-IUA: 904 Wik, OC-A LBk . T 1]
Note: DC-dissolved carbon, MBC-microbial biomass carbon, OC-
organic carbon. The same below.

T W A= W e =2 AN s A BLEK R A5 R 2.679%0~3.95%,
RS S d FIP =X N

3.3 AETHMFAAAXTEREERSFIAESHHE

AN [RVRE b+ 3 A il K o AU AL o il 2. 4%
FEHD +HEA R K 1.67~4.14g kg ', IR #F 5 AhHb 5 55 4
S TR M G H N oK b, AR (4.14 g kg )
A3 e H R (1.67 g-kg ) AT K L (1.89 g-kg ) Y
2.48 F 2.19 5, B Hi (4.10 g-kg ") 43 5 2 H JE Hi A
FoKHBAY 2.46 1 2.16 5. A FEHURT RN 25.11~
33.30 mg-kg |, HAFEHL ] 25 57 R 3 . A RR i
Y=Yy A, B (147.80 mgkg ) BE R T E K
H(43.52 mg-kg '), FKHAUA FEHIAY 0.29,

AN TR 1 18 5 R U o o VR an 35 4.
B E S (1.799% ) 1 K 3 (1.64% ) B AT R R
HEAZ IR E S TG M (0.61%) F1 5
(0.81%) . SHMMAVAEY EAS2ERAZILN
2.30%~3.60%, FEMLZ A& A B 52257 . MRS
TR W e W R 2 0 R T A (4.82% )
FR TR (3.15%), 5 HAbRE 22 R B3

34 AREIHMFAMAAXLERLERSFAAS
FHE

ME 3 AT, B HE S B i e, o 1.04
gkg !, HREHE H 0.50 g kg ', 1 H B ML Y 0.48, K
HiE Y, M 0.81 grkg o oK HE(8.64 mgkg ) FIH
HEH (5.95mgkg ') A TT 3% M s 0 AT B 3
¥ m TR B S A AR M (1.61 mg-kg ) FlI B ML
(2.91 mg-kg ') o HREM A TR W2k W s B
TR OK U, AR kb AN R b 55 R R K IR
BEES.
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Fig. 2 Contents of total and easy-to-use components of
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Fig. 3 Contents of total and easy-to-use components of

soil nitrogen in different plots soil phosphorus in different plots

x4 TEEMTESFARASS S SRELG)/%

Table 4 Proportions of soil easy-to-use nitrogen components to

®5 AEHEMTIESFABES S 2BEL6)/%
Table 5 Proportions of soil easy-to-use phorsphorus

the total nitrogen in different plots/% componentsto the total phosphorus in different plots/%

ENR MEwEY (TR AR SR (TEYERE R
=S5 i) wER/ER Y )R =5 2 /A L) A
DN/TN MBN/TN (DN+MBN)/TN DP/TP (%) MBP/TP (DP+MBP)/TP
MHLF  0.6120.04b 2.55+0.52 a 3.15£0.56 b MELF  031£0.14b  1.23+0.83 ab 1.54+0.82 b
TG 0.81£0.18b  3.60£0.56 a 4.4140.74 ab HHL G 0.28+40.09b 0.45+0.13 be 0.73£0.08 b
HEEHL S 1.79£041a 3.03+0.48 a 4.8240.40 a HEEHL S 1.18%036a 2.03+0.61 a 3.20+0.24 a
FKHLM  1.64+035a 2.30+£0.58 a 3.93+0.24 ab Tk M 1.07£0.15a  0.24+0.09 ¢ 1.31£0.10 b

1 DN-TI A, MBN-AE Y AE YA, TN-2 % T

1:: DP-T ¥ PERE, MBP-I: W4 ek, TP-28. T IRl

Note: DN-dissolved nitrogen,MBC-microbial biomass Note: DP-dissolved phosphorus, MBP-microbial biomass

nitrogen, TN-total nitrogen. The same below. phosphorus, TP- total phosphorus. The same below.

HREHL (1.18%) A1 F KM (1.07% ) B9 7T s bERE S
ERELHIEA BEES, mH Y A Y =

W5 (2.03%) B 3E m T K H(0.24%) , IB#HF IS MR Hb
FF M Z I AF B ES(FES), B %
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P 5 A W A W B 2 RN 4w L e,
3.20%, MHb(1.54%) . FEH(0.73% ) F1 LK H(1.31%)
ZIPIRA B EES.

3.5 ARITiHFIAAR T IERRBESUEITEEE

ASTA] A= ) R 7 5 A Mk U A Ak 2 T R
fEnFe 6., fEHHEANLOR ., & B 80 E ST
P, OC/TN 78 45 FE b (8] 56 B 3 22 5, OC/TP,

TN/TP ¥ 2B #F 5 Akt (67.11, 8.12) 8 & &= T HiAth
B, T A RE ] P 22 R A LA
R B R A oA 24k 21T e, MBC/MBN
TEAS A b B e A7 B 35 22 5%, HREHbAY DC/DN(6.68)
2 R T R b, AR BF AR LR DC/DP(68.12) |
DN/DP(17.76) i % %5 T E K H1(12.78., 3.56), B
Hi ) MBC/MBP., MBN/MBP 43 Il 2 H 1 Hi 1) 7.16.
6.73 fi5 .

®6 AREHEMTEHREHESERSFHAASESUFITER

Table 6 Stoichiometry of total and easy-to-use components of carbon, nitrogen, and phosphorus of soil in different plots

b M F i G HREHL S Tk M
OC/TN 8.26+1.30 a 791+1.35a 10.48+1.65 a 8.40+0.10 a
OC/TP 67.11£18.74 a 31.02+3.18 b 34.36+5.65b 19.66+1.88 b
TN/TP 8.12+1.84 a 3.95+£0.27b 3.34+0.82 b 2.34+0.21b
DC/DN 3.87£0.16 b 4.03+0.44 b 6.68+0.40 a 3.64+0.47 b
DC/DP 68.12+23.19 a 46.16+8.90 ab 34.70+£10.29 ab 12.78+0.78 b
DN/DP 17.76+6.55 a 11.47+1.88 ab 5.19+1.44b 3.56+0.60 b

MBC/MBN 9.42+0.65 a 7.50+0.32 a 7.26+0.85 a 7.45+1.30 a
MBC/MBP 180.97+51.39 ab 261.87+131.81 a 36.59+£5.94 b 178.04+57.50 ab
MBN/MBP 19.05+4.36 ab 34.51+£16.20 a 5.13£1.29b 23.46+4.00 ab

36 AR*THMFAAXLEREHRELERSFIAA
S ETEBUMRHXR

ANTRRE M - 3 . R Bt s M 5+
SRR BT AR OCOC R N 7. 1 pH, KA RIK,
HARS SA LK. Y YRR 2R BUE
Yy A= Py R A 0 TR G, T iA MR £ 1 2
FASC . T A R R AR R S A L
TG, 5 PERE & B IEAR G

4 itig

41 TFAAXNTEANGRRESFIRASH

20

TSR LA R M A A Ry, A
T5 s AR L HEA WU AR K . WEFE R D, B A
s - S B % S B st 2 ™, R AR AR
SR LRI B BREE S . ARWTIE R, BRI Ak
R i - A LA S0 35 TR M ey H R A T K
—J7 T, ARHB AR M AT R v A R v A R
FETHR ZRIAR 2 0 WA 4 v U ik 38, T H 6 R

KT, AFRFEFIAR R T30 L, FF Ak | w0
b B £ A LR YR 3 B B A 55— T T, AR B
A BRI B D TR RSN, A AT R A R
AR 1) R VAT SR A B0 P AL, 757 1 AT SR AR 540 BE A% 2
b A LA [ 5 O o HR B SR B Y, ik
WA T e A A FLRR R, A LA
SRR, A ML U] AR . AT SR 5 5k
FEE BT LS SRR — B . WA RS R, R
B AT LR AR T IR R (AT
) - AT BILRR I TS L, T A R A
DIRTETE FE &3 N 2L PIESS /5T ST
BR - A LT S TR M, AT 0 R
THA . AFBFFE R — 5 R R 2521
AJRER R A BTG

A 7 AR b 3 W R Y A
Rl PR AR B AR . AT ST P, IR FF L MRk B R
F G0 L A Wy A R R, — D7 T, BB AR
b - S MILAK 25 T MY H R S ROk
H A A HURR 5 - AR W A 1y i e 5t I 3 I AN
SN 53— T T, TR R K b 2 B i 2
FECEEMEY X R EY R B E TR, 78
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Table 7 Correlation among total and easy-to-use components of carbon, nitrogen,

phosphorus of soil and soil physicochemical properties in different plots

AT A AT Y , GRS A=)

b S ar Y i Y]

o P At ™ PR EWER P PERE Yk

DC MBC DN MBN DP MBP

K -0.702* 0.004  —0.707* —0.647* -0.091 -0.678* -0.034 0.584*  —0.222
pNZIE 3N 0.875%%  —0.382 0.957%* 0.965%*  —0.028 0.866%* 0.149  —0.875**  —0.035

p—_— AR 0.371 —0.657* 0.193 0.406 —0.757%* 0.009 -0431  —0.452 —0.111
: (GBI —0.649% -0.117 —0.703* —0.645* -0.451 —0.700* -0.318 0.614*  —0.114
HAth -0.204 -0.044  —0.253 -0.274 -0.058 -0.310 -0.287 0.152 0.117

pH 0.754**  —0.505 0.826** 0.851%* 0.104 0.856%* 0.664* —0.659*  —0.264
TR 0.740%*  —0.378 0.916%* 0.871%* 0.085 0.855%* 0239  —0.740%*  —0.114
TR —0.897%* 0.530  —0.922%%  —0.976%* 0.077 —-0.860%*  —0.293 0.827%*%  0.179

T #RFEAE0.05/KF L I FAC, *+fURAE0.01CF 1 BEAK.
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Effect of land utilization patterns on total and easy-to-use components of soil

carbon, nitrogen and phosphorus in the karst area of Pingguo, Guangxi

SU Tongging', CUI Tingting', ZHANG Jianbing', LUO Weiqun™, HU Baoqing'
(1. Key Laboratory of Beibu Gulf Environment Change and Resources Utilization of Ministry of Education, Guangxi Key Laboratory of Earth Surface
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Soil carbon, nitrogen and phosphorus are important factors of soil quality, which play important roles in

increasing soil nutrient storage, improving soil fertility and promoting plant growth. A large number of studies have

shown that returning cultivated land back to forest and grassland and converting land use patterns will lead to changes
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in soil nutrient status and stoichiometry. However, systematic studies on total and easy-to-use components of soil
carbon, nitrogen, and phosphorus are relatively few in Pingguo karst area of Youjiang River Valley in central Guangxi.

In this study, plots of three types of land use (the restored forest and grassland from cultivated land and cultivated
land for sugarcane and maize) inside and near Pingguo National Field Observation and Research Station of Karst
Ecosystem, Guangxi were taken as research objects, and 0-15 cm surface soil was sampled in March, 2021. The
physical and chemical properties of soil, total and easy-to-use components of carbon, nitrogen and phosphorus and
their relationships were analysed in order to better understand the effects of returning cultivated land back to forest and
grassland and converting land utilization patterns on total and easy-to-use components of carbon, nitrogen and
phosphorus of soil in karst areas. The results showed as follows: 1) Compared to cultivated land, the soil pH values of
the restored forest and grassland from cultivated land increased significantly. The macro-aggregates of restored forest
and grassland (42.82%, 57.11% respectively) were significantly higher than those of cultivated land for sugarcane
(16.94%) and maize (5.49%), and their micro-aggregates (4.58%, 1.76% respectivey) were significantly lower than
those of cultivated land for sugarcane (12.42%) and maize (16.34%). Meanwhile, compared to cultivated land for
sugarcane (103.39 mg-kg ', 3.22 mg-kg ') and that for maize (105.02 mg-kg ', 3.07 mg-kg '), available nitrogen of
restored forest and grassland significantly increased to 156.55 and 166.49 mg-kg ', repectively, while available
phosphorus significantly decreased to 0.41 and 0.30 mg-kg ', respectively. 2) Compared to cultivated land, the organic
carbon, microbial biomass carbon and total nitrogen of soil in restored forest and grassland increased significantly. The
values of soil organic carbon of restored forest and grassland (34.12 g-kg ', 32.45 g-kg 'respectively) were 1.98 and
1.88 times of cultivated land for sugarcane (17.26 g-kg '), and 2.15 and 2.04 times of cultivated land for maize (15.89
g-kg™), respectively. The values of microbial biomass carbon of soil in restored forest and grassland (985.35 mg-kg ',
1,110.04 mg-kg 'repectively) were 2.71 and 3.05 times of cultivated land for sugarcane (364.07 mg-kg ), and 3.14 and
3.54 times of cultivated land for maize (313.92 mg-kg '), respectively. The values of total nitrogen of soil in restored
forest and grassland (4.14 g-kg ', 4.10 g-kg 'respectively) were 2.48 and 2.46 times of cultivated land for sugarcane
(1.67 g'kg "), and 2.19 and 2.16 times of cultivated land for maize (1.89 g-kg '), respectively. The total value of
phosphorus in restored grassland was the highest (1.04 g-kg '), followed by that of cultivated land for maize (0.81
g'kg "), and the values of dissolved phosphorus of cultivated land for sugarcane and maize were significantly higher
than those of restored forest and grassland. The values of stoichiometry of carbon, nitrogen, and phosphorus, OC/TP,
TN/TP of soil in restored forest were significantly higher than those of restored grassland and cultivated land, and the
values of restored grassland and cultivated land did not show significant difference. 3) Soil bulk density, aggregate
structure, pH value, available nitrogen and available phosphorus were significantly correlated with total and easy-to-
use components of carbon, nitrogen and phosphorus of soil. Properly speaking, soil pH value, large macro-aggregates,
and available nitrogen showed a significantly positive correlation with organic carbon, microbial biomass carbon, total
nitrogen and microbial biomass nitrogen of soil, and a significantly negative correlation with dissolved phosphorus.
Meanwhile, bulk density, micro-aggregates, and available phosphorus of soil showed a significantly negative
correlation with organic carbon, microbial biomass carbon, total nitrogen and microbial biomass nitrogen of soil, and a
significantly positive correlation with dissolved phosphorus. The results indicated that the measures of returning
cultivated land back to forest and grassland and converting land use patterns significantly improved soil carbon,
nitrogen and soil quality in karst areas. These two measures are important and effective ways to control rocky

desertification and protect ecological environment in karst areas.

Key words land utilization patterns, Guangxi Pingguo, karst, carbon, nitrogen, phosphorus
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