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Soil-microbial stoichiometry of Eucalyptus urophylla x E. grandis
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Abstract: [Objective] The present study aims to investigate the soil-microbial stoichiometry of Eucalyptus
urophylla x E. grandis plantation at young, mature, and overmature stages in order to enrich the basic research
in the field of ecological stoichiometry of Eucalyptus plantation ecosystem. [Method] Three E. urophylla x E.
grandis plantations at different growth stages in Leizhou Peninsula were selected as the research objects. Soil
samples were collected from 0—20, 20—40, 40—60 cm soil layers respectively for measuring soil organic carbon

(Cqoip)s total nitrogen (Ng,;), total phosphorus (Py;), soil microbial biomass carbon (C,,;.), nitrogen (N,;.), and
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phosphorus (P;.), and the ratio among them was estimated to analyze the relationship between soil and
microbial biomass. [Result] The mean values of soil organic carbon, total nitrogen, total phosphorus and soil
microbial carbon, nitrogen and phosphorus were the highest in overmature forest, which were 20.15, 1.47,
0.88 g-kg ' and 583.09, 55.20, and 28.03 mg-kg ', respectively. The differences in different stages were not
consistent. The vertical changes of soil organic carbon, total nitrogen, total phosphorus and microbial biomass
carbon, nitrogen and phosphorus showed the characteristics of "surface aggregation", and the differences among
soil layers in different growth stages were different due to different element types. The average values of
Ceoi'Neoit and Cg;/Pg,; in mature forest were 10.52 and 19.25, respectively, which were significantly lower than
those in young and overmature forests (P<<0.05). The mean value of N.;/P,; in overmature forest was 1.67,
which was significantly lower than that in young and mature forests (P<<0.05). The average values of C,;o/Ppic
and N,,;./Pnic On overmature stage were 21.25 and 2.00, which were significantly lower than those in other two
stages (P<< 0.05). The ratio of soil microbial biomass carbon to soil organic carbon (C,;./Csy) had no
significant difference at three stages. The ratio of soil microbial biomass nitrogen to soil total nitrogen
(Nmi/Ngoip) and the ratio of microbial biomass phosphorus to soil total phosphorus (P,;/Ps,) in overmature
forest were significantly lower than those in other two stages (P<<0.05). Redundancy analysis showed that C;,
Ceoi/Psoil and Ng,;; were the primary influencing factors of soil microbe in young forest, mature forest and
overmature forest, respectively. [Conclusion] The soil microbial biomass of E. urophylla x E. grandis
plantation is the highest in the overmature forest stage, and is closely related to the soil chemical properties. The
index and degree of soil microbes affected by the soil are different at different growth stages of the stand. The
effect of nutrient availability on the growth and reproduction of soil microbe should be paid attention to at the
later growth stage. [Ch, 4 fig. 2 tab. 54 ref.]

Key words: forest ecology; stoichiometric characteristic; Eucalyptus urophylla x E. grandis plantation; soil;
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1 B KB

ASBIFFERE R P 2 53 U0 AR VAR AR N TR 25 R S8 T 580G (21°15753.5"N, 110°05'39.2"E),
HAb AP IR R X BRI XA, I R . B TER 220.8 m, KK 80.0 m. AE PR
I 23.1°C, A (7 A) PR 28.8°C, &2 H (1 H) P 15.6 °C, =10 C WTESHFRIR 8 373.0 °C.
AESEYREIK R 1567 mm, AEARXHEE 80.4%, AFHH BERIEL 1937 he FEH HHEAUL i & B Ik 4L
e, A, HJRIEEER 84 em.

2 HRFTE
2.1 FFHIEEN

MR 1 MO AN RSy 2017 42 % AR MO AT AR o (2 B RS S S50 A1), FF pE 7 1L b e B XA
BTl SRR 430 - A bk (1~2 a). TPIRAK (3~4 a). ITEBK (5 a). AR (6~7 a) FlidBbk (=8 a),
2017 4F 7 H LL2S [a) 3 isf [ ) 07 2 7 F 9 IX e BT b 45 1 . B8 AU — B 2l AR (2 ). B
(6a), TBHK (9 a) 5 3 NRBEFANTAR, SIS NBENLEE 20 mx20 m FEHl, AR 3 NEE,
AT REAKE RO A . AR A WL 1,

F1 FEEMEREGER
Table 1 Basic situation of sample plots

P30 SFEIRE MRITEEE/ LRTIEA 0~60 cm 14

e FH Hiela ik f&/em f=i/m (Fk-hm™) BT T /(geem™) pH

1 2 116 8.06 12.20 1575 0.829 1.05 4.6

sk 2 2 120 7.85 11.93 1450 0.732 0.96 5.0
3 2 117 8.14 12.33 1586 0.916 1.03 5.2

1 6 104 14.63 12.48 857 0.793 1.08 4.8

N 2 6 108 13.97 15.37 986 1.039 1.07 4.8
3 6 103 11.97 15.15 1174 1.184 1.08 5.0

1 9 113 22.84 25.40 725 1.117 1.07 4.5

PUE VN 2 9 119 20.14 24.97 714 1.101 1.04 4.7
3 9 125 19.74 22.58 675 0.884 0.97 4.7

22 HFmRESLE

2018 4F 6 H 7E A AL L I BENLBE B 5 A FE A, A BIFZ BB i (BE 2T 100 cm LAAR), FRJTL
(100 cm?) R4 0~20. 20~40 F1 40~60 cm 2K 14 [A])2 1 HHR G 5 B4Rl 5 & T 5 vk 1 SRR AR
W RS E . —W KT, R, 0, T AL . 2R, SR RESE, B0
T 4 C vKF P ARAE, FTIE e A e . AL BETRE A ET. RHEA PR SR AN A
HEHIRAAIL-AEENE, BEASERAPIREZENE, HEAER A A aEm, ettt

(HCT) 35 2 0 20, fCAE e R — 50 e B 2 - 2 il e Y
23 HiEAE

K HI SPSS 19.0 A THE AL B 5 5347 o SR FHER 2R J7 2575 (one-way ANOVA) XA AE K i B + 184
LBk . 2R EumGuEwE .. 2. SRR BRA L (CON), BB (C/P). ABFHL (N/P) #4707 2
ST AR RS (P<<0.05). Pearson AHICKZIG AT HIEA ML . 2R . SBEAMAED K. A, BEE
L C/N, C/P. N/P KFE . RH Canoco 5 #4704 5311 (RDA). >R H SigmaPlot 14.0 HI/EEIE .

3 RS

30 TERAHHB. RSB TEME YR ] BERESEISE
HIE s ik, & BEREE D BCE, PR35 1788, 1.32, 0.72 g-kg™', i
TEEWI Y g 493.04, 5245, 13.54 mg-kg'; WK IS5 0 1499, 145, 0.78 g-kg™', TIEMUEY
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Figure 1 ~ Carbon, nitrogen and phosphorus contents of soil and soil microbial biomass in different growth stages

3R 43641, 49.83, 10.62 mg-kg s i BREIESISN 20.15. 1.47, 0.88 g kg™, TIEGUEY R
583.09, 55.20, 28.03 mg-kg ' AR BB B A — )2 3R (Cyop) T EUN KR EN/IME IR A
AR, AR VK, REVRRE 0~20 FT 20~40 ecm 2 R T HAGAE K BE (P<<0.05), T M
kbt E R s, 44 )RR 25 B #E (P<0.05), TR Ny B8 A AR KB BE e 22

e B3 AT R G BRI B AT — B I (Pyo) R BN R BIMK U S bk . bR 4l il
M, REERKTEZERRE (P<0.05), AFE+ZETCHEZES,

A D (Cic) [T 12 53 BUAE 0~20 om 4 )2 2 Wk Al bR (5 321K 4l i MORD 2 20K (P<<0.05),
20~40 cm 2 BK C i T 43 B0 2 R T A1 MRS AR (P<<0.05)0 3B BAE A (Noie) 05504
FE 0~20 cm )2 ¥R Pt Bk . D AR 2 S T A (P<<0.05). LA I (P o) T E 3045+
JE I ok O 2 T A B (P<<0.05) AR Cpye T4 B0E + 2 INIRB I, 45 + )= 0] 25 5
& (P<<0.05), &AM 0~20 cm 12 Cpie FiE /A% 5 T 40~60 cm + 2 (P<<0.05), #h#&Ak. ik
MR 2 0] Ny BB B E 25, 28 0~20 em + 2 8 3% & T HAM 12 (P<0.05). 4hik
ML R P BT 534 0~20 em )2 3 = T HAD )2 (P<<0.05), WBWRhA LR TR E S
32 AREKHETEMTIEREMEYEHR. ] BMLFEITER

I 2 i s WBRE EL (CO/N), kB L (C/P). A Bt (NP) ¥IMEHE , Zhid Ak £ 5840 51k 13.51.
24.87. 1.84, THEGUEYI RN 942, 41.89, 4.85; MBS EHESNR 1052, 19.25, 1.86, +IEHAY)
R 921, 4637, 5.48; i Bk 34>k 13.63. 22.83, 1.68, TIHERUEY A 1097, 21.25,
2.00. Cyoii/Ngoit LA /N, S 8 ARFT 3 AR ALAE 20~40 em 1 )2 22 55 2 % (P<<0.05). Cyoi/Pyoit 7F
0~20 1 20~40 cm 2 N KB IMRICH AR S BbR . B Al — K B B Coon/Pop i )2 TR
W, P E] 25 5 8 (P<<0.05)c Ngoi/Pyoy 1038 MK 0~20 em + )2 18 35 K T 4l % K F AR 284 pk
(P<0.05), HAMTCRE 2T . Cphic/Npic £ 20~40 cm + JZ 35 38 B0k i bR I 25 5 T HoAth i Bt (P<<0.05),
40~60 cm + 2R B A id BN = T A AR (P<<0.05), HMEME I E 2R . Coie/Pric £E 0~20 cm Al
40~60 cm 2 PN it SRR B T I AR R B (P<<0.05)0 Nppio/Piic 7E 0~20 cm JC R F 25, 20~40 I
40~60 cm LU Bbi R/

ANFRHERBBE Chie/Cooit s Ninie/Neoit s Pic/Peoit 77K 2.58%~3.40% | 2.44%~4.61% ., 0.97%~3.72% (& 3).
ANFE B B AN ] 42 Cryio/ Coon P TE 25 5 0 3 #K 0~20 em 12 N/ Nooy 835 1 T H AR B (P<
0.05). %+ )ZH Pi/Poos LB K, 1L 0~20 cm + 2 S541ME S AR, HAYEA B ELR
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Figure 2 Carbon, nitrogen and phosphorus stoichiometric ratios of soil and soil microbial biomass with different growth stages
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Figure 3  Carbon, nitrogen and phosphorus stoichiometric ratios of soil and soil microbial biomass with different growth stages
(P<0.05).
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I 4 Al R0 gl e ARES 1 AR SE 2 Bl A A B 22 4 20 il O 99.08% 1 0.65%, Cogitn Coit/Pooitn Noot«
Nioit/Psoit F1 Prie/Poir A2 - HEGHUE W S FLAb S22 LU A9 S 2 52 [R5 BRCAVPRER 1 Sl 2 Ao e e A i
3R 91.68% F1 6.36%, Cyoit/Pooiy & T IERUE ) B0 K55 1L BUMKERS 1 3 AEE 2 JlAs g B8 1 53
52K 99.07% i1 0.72%, Nggitn Neoit'Psoit~ Csoil/Psoits Csoit 1 Prie/Psoit 72 T W) S HA 2211 12 LU Y e 3%
. UEHITEMR AR AR BB, T IERUE Y A Y n) F 2 R M R B 22 R, M
ZF, AMREY B - A A BT A W BN, XT3 AN BRI R, S 1 RRNER 2 Bl R
B9 96.97% M1 1.29%, Cygitv CooitPsoitn Prmic/Psoits Naoitn Nioit/Psoitn Psoit F1 Cooit/ Nyojt 722 F& FLAZ N TAK
TR YR B 2 R
FH A OCHE BT (3 2) T : SR AR Crier Pries Cnie/Nmic 52 13857 53 SOHAR 2118 LAY 52 e 35y
—2, 5 Coiv Nyitn Caoit/Psoits Neoit/Peoit s Prmie/Poit 2B (P<<0.05) Bl 123 (P<<0.01) IEHISG. iz
MAAL Pryie 5 HIRFR 0 KRB EY, Pric 9 Cooitn Naoits Coit/Psoits Nioit Psoits - Prnie/Pooit 22 . (P<
0.05) Bl i 2 (P<<0.01) IEAHOC, MR &5 4n 5 1 ek 2m v o SO AL 270t & T G R R 22 e
Ky Cric 5 Coitn Nooitn Cooit/Poit + Nooit Peoit R (P<<0.01) IEAHTNE:, 5 Ppyio/Poy 52 23 (P<0.05)
EASE: Niie 5 Cootn Nooitn Poits Cooit/Psoit~ Nimie/Noit FA7E L (P<0.05) Bl B3 (P<<0.01) IEA K ;
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Figure 4 Carbon, nitrogen and phosphorus contents and stoichiometric ratios of soil and soil microbial biomass with different growth stages
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Table 2 Correlation of soil and microbe biomass C, N, P content and their stoichiometry

Bkt LD Coil Nioi Pyt Csoit/Nsoi CooitPsoit Nioit/Psoit Conie/Csoit Ninie/Nsoil Prnic/Psoit
Chic 0.969%* 0.941** 0.383 0.290 0.960** 0.923%* 0.314 —0.324 0.825%*
Ninic 0.581 0.610 0.101 0.102 0.595 0.623 0.746* 0.330 0.432
Pric 0.853** 0.854** 0.271 0.202 0.863** 0.856%* 0.137 —0.445 0.995%*
RIS Cnic/Niic 0.785%* 0.710%* 0.341 0.327 0.775% 0.689% —-0.361 —0.842%* 0.743*
Cnic/Pmic —0.308 —0.290 —0.099 —0.130 —0.302 —0.294 0.071 0.148 —0.681*
Ninic/Pmic —0.611 —0.497 —0.291 —0.411 —0.606 —0.475 0.375 0.508 —0.753*
Chic 0.580 0.417 0.072 0.741 0.615 0.435 0.363 0.191 0.532
Ninic —0.009 0.040 —0.001 —0.096 —0.018 0.034 0.455 0.738%* —0.098
Sk Pooic 0.810%** 0.744* 0.374 —-0.119 0.830%* 0.753* —-0.336 —0.544 0.997**
Cinie/Niic 0.419 0.347 0.108 0.073 0.444 0.363 —0.274 —0.719* 0.450
Cnic/Pmic —0.402 —0.553 —0.188 0.440 —0.418 —0.573 0.434 0.664 —0.790*
Ninie/Prmic —0.437 —0.498 —0.122 0.260 —0.467 —0.524 0.445 0.795%* —0.785%
Chic 0.812%* 0.906** 0.458 0.226 0.833%** 0.850%** 0.274 0.565 0.751*
Niic 0.922%* 0.785%* 0.776* 0.630 0.882%* 0.605 —0.163 0.882** 0.463
. Ppic 0.645 0.653 0.350 0.263 0.658 0.607 0.226 0.389 0.977**
Cnic/Nimic —0.578 —0.224 —0.864** —0.805%* —0.458 0.050 0.595 —0.846** 0.146
Cinic/Pmic 0.001 0.120 0.050 —0.140 0.002 0.118 0.003 0.083 —0.612
Nnic/Pmic 0.465 0.293 0.571 0.501 0.409 0.128 —0.410 0.675% —0.404

Uil R BEEME(P<0.05); **3RIRL I EAA(P<0.01)
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Cunie/Nimic 45 Peoit~ Cooit'Nsoit~ Nimie/Neoit S 35 (P<<0.01) FAH K .
4 Ptk
41 AREKHMETBEXZERRE TIBEMEYENSHE

P BE R E S 2 R A IR A A AR UEP, ARAEFE H 0~60 em 42 Cyop JE R BME, Sk bk
(17.88 g-kg ") FIMAM (14.99 g-kg ) KB T (4 9) K, LBk (20.15 g-kg ) 82 H L (3 %) K5
Nyoit 505 0 U (E, il Ak (132 g-kg"). BLRAAK (145 g-kg ™) Alad Ak (147 g-kg ) Bk 3 1
B R) K5 Py B 7380, SRR (0.72 g-kg™") FIRLAMK (0.78 g-kg ™) ik b 3 40) KF-, Ak
(0.88 g-kg ™) iKFfm 2 ) Ko AR, BEMN TR Cypy Brit AR B/ MR o Bk i
ML EBIR, SRS AR R, X AT RE SR BT AR B R AR N TR AE A K B B, MORAE K TR 2
HFERESRSY, A APV K TANR A, NI 3 ML BT i o B0 R R Sk At Bk B B
Ja, MARAERHELZE, XFRWSOR/D, THIRTED MR R ARBIELER, 0= A o A 5, (1
T AU T B o 1 Nooy A Py B 3 804 R G AR . R B 3 Bk iy g %, 5
XU SEP R 25 0 — 50 FIReE Rl E RIS A3 I, MROTERPH BE AR, MR R A 2 RE v N, &Y
ST BRI SR e BB B AR B R R

A W A e R A LR 3SR AL SRR B ), ORISR R A A AR
e, LR AEY E R A REEEH . AR, HIEMEY Chice Nmier Prie JUE 7051
(504.18. 52.49. 17.40 mg-kg ") ¥J{K T 4= Bk + 1 (680.4. 105.0, 40.3 mg-kg™") Al ZR K + 3 (629, 98,
32 mg-kg ™) (IR nTREIR LR AR AN TR - e sl %, X + i W Vs 2540 7 AR R
Mg 257200 ORI F AR S A A K, B mALE A Rt — oY . AR, MUY Chics
Niic+ Prie BUEMEISH I LI Bk sy, SEMHHERT R4 R 3. HAHE X1, 6. 11aZd: R
4% E. urophylla N TARBIWEGE & B0 . R Wik it i o0 BUOBE AR AR, 11 a A A RR 0l 56.912
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