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Effects of rubber ( Hevea brasiliensis ) plantations on soil phosphorus fractions

and microbial community composition
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Abstract ;. Phosphorus (P ) is recognized as one of the most limiting nutrients for primary production in tropical forests
because much of the soil P stocks are geochemically bound to iron and aluminum oxides in forms that are largely unavailable
for_plant uptake. The availability of P to microorganisms and plants can be assessed by evaluating different soil P fractions,
and soil P occurs in both organic and inorganic forms, which differ in behavior, mobility, and bioavailability (i.e., labile
P, moderately labile P, non-labile P). Labile and non-labile P fractions can serve as sources or sinks of available P, and

non-labile P can be released into soil solutions as available P through desorption when the content of available P decreases
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in the soil. Therefore, it is critical to understand the transformation between different soil P fractions when developing best
practices for fertilizer management that aim to enhance the P use efficiency of agricultural systems. Soil microorganisms are
important mediators of P mineralization and immobilization, owing to their ability to reduce P availability by immobilizing P
in their biomass, which subsequently increases stocks of microbial P in the soil. In addition, lower available P content was
observed in tropical soil, accompanied by higher soil phosphatase activity. Furthermore, arbuscular mycorrhizal fungi
(AMF) can take up P from pools that are normally considered unavailable to plants. However, the relationship between.the
dynamics of soil P forms, soil properties, and soil microbial communities has yet to be established in rubber plantation at
different ages. Therefore, we compared the soil P fractions (i.e., labile P, moderately labile P, sonicate P, Ca-P, and
occluded P) and soil microbial community composition of 4-, 15-, and 31-year-old rubber plantations on_Hainan Island,
Southern China. The aims of this study were (1) to determine whether the soil P stock and fractions would change with
increasing plantation age; (2) to test whether the composition of soil microbial communities. would change with plantation
age; and (3) to quantify the relationships between P fraction, microbial community, and othet soil attributes. The results
could be used to develop recommended P fertilizer management practices for sustainable rubber plantations. We found that
occluded P was the largest phosphorus fraction, followed by moderately labile P, labile P, sonicate P, and Ca-P in all
plantations. The levels of bacteria and both gram-positive and gram-negative bacterial Phospholipid fatty acids ( PLFAs)
were highest in the 15-year-old plantation, whereas the levels of actinomycetes, arbuscular mycorrhizal fungi (16:1w5c¢) ,
and fungal PLFAs were lowest in the 31-year-old plantation. The level of soilracid phoesphatase activity did not change with
increasing plantation age, and redundancy analysis indicated that both biotic and abiotic factors were important contributors
to variation in soil P fractions. Accordingly, the present study demonstrates that the age of rubber plantations significantly
affects the soil physicochemical properties and microbial communities of rubber plantations and, consequently, soil P

availability and cycling.
Key Words: stand age; rubber plantation; phosphorus. fraction; microbial community
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P JF S LRI B A S AR AR - S A 43 5l 25 8 Al X R SR AR I A b 11 £ BRI Y R

P, AR SCL 4a( 2% ) (15a(Ble) 1 31a(F5H]) BRI TN SEX G, R Al Hedley 3% £51R £ 12 0F
FE 1 HIEwR AL 5y WRAG NG Wi BR21% (Phospholipid fatty acids, PLFAs) 7047 1 HIRUEIREE . HEOLET - (1) Wi
PRBRAEA [ 2B B B WA 23 i) S 25284 (2) T T IRl 20 70 5 1 AL R o ol A W A v 2 [ A9 A
HRF, WU LSRR AL RALEE . DU AR N AR A B AL A SR PR AL BRI S 45

1 #MR57EE

1.1 R X HEA

TR AE R RO R B 8037 (19°327477N, 109°2830"E ) N, Hb#ASE-28 | + 3 Mk i ik 2133
T X R BHE Z XS IR TR FE L, 4 4F H IR Z 21000, 4R 240 23.5°C o FZKF il ) 4R 2 R T 2
1607mm, T BB W FEENES HE 10 1,11 234 4 JBEKED

TR0 X R AR AR Z T, Jhy 7 b S5 (M3 B | R IR ) JEAR —BUW T, da S AR (AR KT A1
15a A AR (BB ) 42 4F It A B &L B B4 901 76.72,25.18  51.30kg/hm” , HH AU 55— A HLIE, 458k
20kg, i 31a ZHEAHRFEH] 1 4F, RS AN AT IE G545 B, AROR Z M E AR Y40 . 5 3 3R ( Cyrtococcum
patens) AR R H ( Praxelis clematidea ) . & HL %5 ( Eupatorium odoratum’)., ¥ 28 K ( Urena lobata ) . . [ &
( Ottochloa) MBSk ( Elephantopus scaber) %
1.2 FEAL RS

2015 4F 11 A rhd) 26804 15 31a 1Y 3 DRI AR BN TAR, BRI AR IR BEDL I 3 > 10mx
10m BIRETS , FEREANFE T N R MR AETE AT 157 R 4 0—20cm 3 Y51 IRA1E N | A 3R . Rk, B4
MEEA 3 AT B TR R 53, — &8 3 IR AFTE=80°C , T T A= W Wi AR i Dy R 1 5 o o5 — &R 43
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H,S0,-HClO, 74 &y 4345 235 M 25 8 ( Resin-P . NaHCO,-Pi ,NaHCO,-Po ) , 1 %5 % 4 25 8% ( NaOH-Pi , NaOH-
Po).. A1 ZR{AK N ( Sonicate-Pi Sonicate-Po) 55/ ( HC1-P1) A1 14 & 5% ( Residual-P) o 440 " JTCHL#E FHAH B bt
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1.3.3 iﬁ%@@%ﬂaﬁ
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17:0 10-methyl ,18:0 10-methyl Aric g .

IR YR R U 7 ,0.5mol/L NaHCO,(pH 8.5) L 1:4 /K HiR 2 30min, 53 4R 25 1R, I
S A R A A Y
e PR BRI TG MR FH B BROE e e
B n sk
DL SPSS 19.0 Xt +- S FRAL T B4y A PLFAs 517 BN 2 225307 (oneway ANOVA) Fllfse /N i
#5775 (Least significant differences , 1LSD) FLEEAN RIS [R] () 225 5 M | 3853 Person AH I 70 B P BRAGPE T AN
AW PLFAs Z M BYAHSEOC R 5 LA Canoco 4.5 #EAT U453 M7 ( Redundancy Analysis, RDA) i i 1 5B 4H 531
TR RETE 2 A ) T PR 1, AHOC IR HIVEAE Origin 8.1 Fll Excel 2007 "5 A,

14

2 HREH

2.1 AN[AARISAR AR g R AP B A8 Ak

4a B AR 18 pH (H 3 5 T 15a A1 31a, 10 15a SRR T A DL & it k5 T 4a F1 31a(3R 1), &
R AR 15a BRI P i my, HOROR: 4a,31a FefiR, B MRIR A3, 8oL RURN 4 5 AL 7 it i 3 PR AIR
(P<0.05) 1 C/N B (P<0.05) , 4a 1 15a 1 +3E N/Po W T 31a( P<0.05) (£ 1),

R1 TREIMERE A T IR R

Table 1 Physicochemical properties of soils (0—20 ¢cm) under rubber plantations at different stand ages

s A LA 2R AR SR
¢ pH Soil organic C/ Total N/ Inorganic N/ NH;-N/ N/Po C/N
Stand age/a
(g/'kg) (g/'kg) (mg/kg) (mg/kg)
4 5.04+0.05a 3.88+0.99b 0.39+0.16b 5.08+0.28a 4.85+0.26a 4.93+0.72a 10.70+1.08¢
15 4.65+0.06b 7.95+2.03a 0.60+0.22a 2.27+0.04b 2.03+0.06b 5.46+0.38a 15.35+0.92b
31 4.73+0.15b 3.50+0.44b 0.18+0.16¢ 0.88+0.03¢ 0.73+0.02¢ 2.47+0.28b 29.29+2.86a

Po. A HL#E Organic phosphorus; [R5 A []/NE FREAERER I % (P<0.05)

2.2 AN[EIMRIS AR R ) PLF A {8 1y e B R 1 P o 1 0% 12 2 A

I W) PLFAs FIEES S5 PEAN R AR IS 0] & AE 8 AR (P<0.05) . H3E SR ANTR 4 >4 ICBA
PR (G7) B2 CPHE R (GPYAY PLFAs S8 RPN 15a>4a>31a, 3la BRIRAK L 304k B L L 11 A1 A B
HEH (AMF) i PLFAs & B35 Z KT 4a 1 15a( P<0.05) . 4a A+ HE F/B (H B3 & T 15a( P<0.05) .
G /G IEARFMBA I M ZEF (P>0.05) (% 2), HIEMEY RSB 15a KK HIET B EET 4a
(P<0.05) (Bl 1) g AS[RUMEE ], B 1 R0 1 ol 176 14 22 S AN I 35 (P>0.05) (&1 2)

K2 TRHKREKKLTIE PLFA S8

Table 2 The PLFA contents in soil of rubber plantations at different stand ages

H: YR iE Biomarker

4a

15a

3la

1621w 7c
18 Iw5c
yl7
cyl9
i14.0
i15.0
al5:0
i16.0
i17.0
al7:0

0.117+0.012a
0.047+0.003b
0.062+0.006a
0.210+0.022b
0.045+0.008a
0.409+0.058a
0.135+0.001b
0.248+0.007b
0.151+0.004a
0.095+0.004a

0.101+0.010a
0.078+0.007a
0.072+0.005a
0.323+0.019a
0.044+0.007a
0.521+0.054a
0.174+0.014a
0.385+0.052a
0.183+0.008a
0.100+0.003a

0.069+0.002b
0.023+0.001c
0.046+0.002b
0.151+0.009¢
0.000+0.000b
0.262+0.031b
0.084+0.011c¢
0.156+0.042b
0.084+0.024b
0.053+0.010b
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EPIRIE Biomarker 4a 15a 3la

14:00 0.055+0.003ab 0.071+0.015a 0.047+0.005b
15:00 0.032+0.002b 0.041+0.004a 0.027+0.003b
17.00 0.026+0.001b 0.034+0.003a 0.018+0.001c
18:2wbc 0.093+0.013a 0.070+0.007h 0.049+0.003¢
18:1w9¢c 0.210+0.007a 0.207+0.003a 0.112+0.029b
16:1w5c 0.153+0.015a 0.142+0.006a 0.059+0.006b

16:0 10-methyl

17:0 10-methyl

18:0 10~methyl

2GRN Gram-negative bacteria( G™)
H22 [ PE 4R Gram-positive bacteria(G*)
0T Bacteria

H§ Fungi

FUZR A Actinomycete

ELH/ 40 Fungi/Bacteria( F/B)

G /G*

& PLFAs Total PLFAs

0.060+0.017a
0.201+0.021a
0.201+0.021a
0.436+0.032b
1.083+0.054b
1.631+0.085b
0.302+0.017a
0.582+0.021a
0.186+0.015a
0.402+0.014a
2.668+0.108b

0.058+0.007a
0.256+0.033a
0.256+0.033a
0.575+0.029a
1.406+0.074a
2.126+0.118a
0.278+0.009a
0.681+0.004a
0.131+0.008b
0.409+£0.013a
3.227+0.157a

0.035+0.008b
0.116+0.018b
0.116+0.018b
0.289+0.011¢
0.64+0.113¢
1.021+0.109¢
0.161+0.030b
0.336+0.064b
0.158+0.026ab
0.403+0.027a
1.577+0.193¢

TR NG FRHMUR 2252 .35 (P<0.05)

——ie

o

A R

Microbial biomass phosphorus/(mg/kg)

4 15 31
i Stand age/a

L FEMKRERETERENERSE

Fig.1  Microbial biomass phosphorus in soil of rubber rubber

plantations at different stand ages
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Fig.2 The activity of acid phosphatase in soil of plantations at

different stand ages
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Hi e, HKOR 31a,4a SAIL, MES#E & R TE 15a BRBAK
TP ERAR, 4a il 31a 27 RN EE (P>0.05), HIRIMAE
DI BETE 15a AR - 38 v i i, L WO 4a, T 31a
PG, HESH SR 4a Ml 15a ZHFRABE (P>
0.05) , 7F 31a MRHEAR 1 i 2 RE AR (P<0.05) (K1 4)
S LH S0 A0 R T R R B R P B S > TR AT RS
T > T 1 A > AT SR A PN B > A5 | ) 35 S R v 2 0
WS IR o 1) F B, T N SR Y
73.7%—82.2% (¥ 5) .
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W 15a BBk

pH A 3la MRHK
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Fig.3 Redundancy analysis on ‘the physicochemical properties
and soil microbial communities

TN : 4> Total nitrogen;IN: JTGHLZ( Inorganic nitrogen; SOC : A #LAk

Soil organic carbon

#3 ITEBEAEREMEY PLFAs HHXES

Table 3 Pearson correlation between soil physicochemical properties and PLFAs

(CERIEUES o THLA

A LA

Microbial types Total nitrogen Inolganic nitrogen  Organic carbon pH N
G 0.896** 0.105 0.783 -0.135 -0.625
c* 0.912** 0.17 0.761" -0.143 ~0.693 *
AMF 0679 0.531 0.388 0.386 -0.898
Y Bacteria 0.919% 0.143 0.78* -0.152 ~0.672*
TP Fungi 0.665 0.703* 0.34 0.396 -0.848 "
L Actinomycete 0.895** 0.281 0.683 -0.032 -0.773*
PUH/AN Fungi/Bacteria (F/B) -0.325 0.861** -0.547 0.758 -0.15

* P<0.05,"* P<0.01

2.5 WA A IaLAH AT

W2 73 0E] AR O n] A AN R 410

PEBIEEALIR R o AT PRSI S TR SR 3 IEAR O, S AR A

PR S AR AT DR TSR A PH B 25 W B 3 IEA R (36 4)

F4 BASEEXMES
Table 4 Pearson correlation coefficients for soil phosphorus fractions
R iy T A ARG MRS VA SRk 5% G
Soil phosphorus fractions Labile-P Moderately Labile-P Sonicate-P Ca-P Occluded-P
T PEASHE Labile-P 1 0.852** 0.571 -0.213 0.254
FREE TG PE S Moderately Labile-P 1 0.785* -0.13 0.447
PRI B Sonicate-P 1 -0.003 0.821*
5 Ca-P 1 0.132
P42 &8 Occluded-P 1
* P<0.05,"" P<0.01
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Fig.4 Phosphorus in soil of rubber plantations at different stand ages

2.6 R4S BRI T A T
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SEWRH />0 SR 98.9% , Hob SR — Al T AR SR 81.6% 5 TR RS Y 17.3% , HIERRA M EAR
[ MR I AR SR [1] B I8 73 5, U BH A PR T B s 0 28 Ak, R 80T AN [RIAR AR e Ak 3wl 21 53 A8 4k
Hrb pH 5 Ca-P WUAHICHERS R , A WU 5 1 MRS EE | b 45 1 MRSl B 8050 0 AR DG | T L T\ DR TR AR I
A I T S P S AR e R s (| 6)
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Fig. 5 Soil phosphorus fractions for different age rubber
plantations as a percentage of total P
AR I3 oA [N TR R MR ] 22 57 2.3 (P<0.05)
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REZ R R L 3 ) PLPAS S BEAIZE AL Y i M (IR B AR R &3k MR R AT I R R PR TS I o &2,
U, VAR - S AR 5 A A BRI 22 (R TR BRI . AR AR R IEAS 3K, 43I R V5 4 L R Ak
A BRI AAR G PR AT R A B JR T RIS T MBS PLRAs S i, FEEIMA KR IR R 2 HE
I | X AR ] BEVE D RR A b A BRI E S A, S A A AT RESE I T - A AL o, R T4
R e ) LGRS M T R RS R ) 2 RE PR R AE AL 42 . RDA A3 M4l S W , A HLER AR R
XA RS s it R (K 3) o AT W, 3B Y PLFAs SO FIZNTE PLFAs &5 i 3537 3 MLk & &
T,

ELJH PLFAs SR8 31a AR+ B KT 4a 1 15a( £ 2) , M ELH PLFAs 5 C/N 28 B & 1A
KNS LA A R B EIEASC (£ 3) . XU AR K m 5 B PLFAs &, 3la AR E3E C/N £
o, MR S A, T RE R AR LR A BRI T B A, AR, 4/ 25 W 98 SR I, 76 v s 1 45
H B C/N RV R HER A o W M A Ah , BB P B YE e s
AT R 2 32 B R HEA LT S AR, 31a AR5 A ML & BEREAIR, 51 BB TR R D X
A BB LR PLFAs S8 . F/B 3l 5 FORAN 120 18 RN L B A 25 15a AR AR - 18 F/B {H 31K
F 4a(P<0.05) , GLHHAN R BEVEE 152 SRR T3 Pl 5 JE 34 iX 3R B 15a oAkt T 35243 Fl e e

G M G* Y PLFAs & i3 RIN 15a>4a>31a, 1% 1] fE 5 A RARE A AR 1) 138 PR B R0 A 6,

http ; //www.ecologica.cn



23 1 EHE 5 AFMRIBIREL ( Hevea brasiliensis ) Mk 50 A4 W75 A 24 4 o A8 4L 7991

A, A HUE A AR AT RS I T G/ G I A AR IR . G/ G #E R [RIMRE 1] JG A 28 4k, Lo 0.4
(F2) , ULIATERS MBI AR I L3 Gt i RS AT, 1T GRS R MR X gE BRI fE A
ThRH, SR B AT, AMF B PLFAs & 7E 31la Ak L HEP B EAR T 4a A1 152, X5
Chakraborty 25" X} B[ A AR A R AR A B AR 139 v AMF FOBIFFE 45 51— 30, X nT -S54 PR AG 9 U5 4 B A
A=W iE] A AR AT 5 REAIAR SRR A PR 0 B B AR e S M R R L 31a 8
JREARAR 2206 T35 , AR 2R W /b Bl /D T iR A T A R, AMF AR K TR R TR 7 = A, T RE S 1S AMF
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3.2 RIEIFRIS AR IR 1= 3w 20 3 (1 A5 ik

H RDA 20 nl 1, A ] MRS B e AR B AS TR i 2 43 45 4E (8] 6) . RDA 434 iR | F AMF (G2 G~ 5§
AR FE M pH TN TOC C/N S5EAE Y R FE FHBORN MRS - HEf 41 /38 b i 220k S A F 0 skt Uk B 8
10 5 Aot AR R AR R Bl A TR T B 285 SR 3K AT BB AR AR AN [ A& B BE ) ) b i A fY
i R AN, SR ANG BB AR AR ECR RIS ORI T R AL AR S R

I 2 R G 8, APk L S B S BB TR (P<0.05) (18] 4) T BE B AR JBEM A K, A B A 1 38
HIRSOR R BB, SRR S AR L DA R it T R T =4 TR

TETESBE S BAE 15a AR 3 h iy, HoR 2 31a, 1 4a SR 4)  7em BERE AR YE 489 AL
B BB AL ST R S B BB VR L N/ Po 78 18 B KR Y 3 396 e DL s AT HLBE A 87 fL R, N/ Po i
K, R IL R LB R 2 | 1S PSR ) 15a AR 11 N/Po (A 5355 T 31a(
1), X AT RERE 1 TR AR I ARAR 2R 2 3k, ok itk B e K ek 2) |, e W 5 A HLIE i 0 AL BE 7
ST BRI AL N T IR TS S i, v RS A I, 4a IR N/Po (B T 31a, WG TEAHE
AT 3la, XOTAERN da BIH BARA TRIRAVE MBAE 7, (ER AR AR B X 35 A R K1)l B
T KR IEEABE . Schrijver 415 [ e, e G (Quercus robur L.) XTGP 258 ) W i 2 S 8O & = %
i, LaRgE LW, oM & A H S T (LA %, 18 32 FIAR R W 5
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Y ACAE A 5%, 15a F1 31a A5 AK 43 pH L 4 4E1Y pH %, ATRES R T £ AT A0 s 4k AR o™ gk L
Xt H,PO, AR FRE S i " SIS A AT, 15a il 31a Y pH 22 R IEAR I, 15a 5
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I RIER N R H 15a>4a>31a( B 4) . X ATRESHAEDE LI 3 pH &, 4a A1 15a ikt
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TR AR LR, B pH R, PSR ARG B A WO ot 2 3 o 7

Ca-P & 510 15a B EAK T35 b B BAK T 4a 1 31a( 8 4) ,3X AT HE-5 20 3 R EL T VA BEVE TG 6. 15a IR
RSN B PLFAs S s (6 2) , — SN B A B g ARt B b A CO, a0 HT | 1 VA R 1 TR
L JEHE Ca-P RN 23 Ca-P S HEFRAR, T 4a A 31a AREAK L A0 B | TR & S 8E, X Ca-P A AE
oL L

PRI 31a J5 , A& ASHE A B B EFRITE 4) o SRR 20, P & 25 v 1 S 9 5 ke 1) P
FOLE RS, BN, SR PR BT R W AR BRI B 529% Sk [ T 13 A 5L, B 34a J5 1
PRIEIR, P B AW 5 2 W S PRAIK . Chen 260V R 98 3R W, 76 S [RDMRIS T IE A N TR L8 rp , 54k AR 25 A 1A
B A ATV R B IR T (o 1l P S v P 5 2l B i S R T Al R AR TTASHIE T R P S
FrRAE 31a O3 b B BRI, (EEL R DR AT A 2 AR e B R, T 2 TR D DA TR AR BT 7 A1, b
WA ALBE S R R el T e Rl [ E W JCHLEE S, SR B S S AR . Zhang 255 BF5Y
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