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Abstract

Aims The objective was to explore the characteristics of soil nitrogen mineralization in the rhizosphere soils of
trees, shrubs, and herbs in plantations and their variations among different species, forest types, and seasons.

Methods The rhizosphere soils of trees, shrubs (Loropetalum chinense, Adinandra millettii, and Eurya muri-
cate), and herbs (Woodwardia japonica and Dryopteris atrata) were sampled in the early growth season (April)
and the vigorous growth season (July) in Cunninghamia lanceolata, Pinus massoniana, and Pinus elliottii planta-
tions at Qianyanzhou Ecological Research Station, Taihe, Jiangxi. Net mineralization rate (Ny;,), net ammonifica-
tion rate (Namm), net nitrification rate (Ny;), soil chemical properties, and microbial properties were measured.

Important findings The results found that, 1) Species, forest types, and sampling seasons significantly affected
Nimin, Namm, and Ny;.. Understory plants showed a higher seasonal sensitivity of rhizosphere soil Ny than trees did
in P. massoniana plantations and P. elliottii plantations. It means that rhizosphere soil Ny, and Ny, of trees were
significantly higher than those of most of the understory plants in April, but rhizosphere soil Ny, and Ny, of the
understory plants significantly increased and showed no difference with those of trees in July. This finding was
consistent with the variance analysis of comprehensive scores by principal component analysis. Generally,
rhizosphere soil Ny, and Ny in C. lanceolata plantation were higher than those in P. massoniana and P. elliottii
plantations. Rhizosphere soil nitrogen mineralization in July was higher than those in April. 2) Soil ammonium
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nitrogen, nitrate nitrogen, soil total nitrogen concentration, and soil microbial nitrogen concentration were the
main factors affecting net nitrogen mineralization of rhizosphere soil. Soil chemical properties contributed to
29.2% of the variation of rhizosphere soil nitrogen mineralization, which was significantly higher than soil micro-
bial properties. Consideration of the seasonal variations of soil nitrogen mineralization in the rhizosphere of un-
derstory plants and their influencing factors will provide an important foundation for accurately evaluating nutri-

ent cycling in the plantation ecosystem.

Key words rhizosphere soil nitrogen mineralization; understory vegetation; overstory tree; plantation; red soil
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¥t (Adinandra millettii)Fl% 24 ¥ (Eurya muricata) .
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E1 RGN LA A T AR PR LI E R (A) (AR (BRI LR (C). AM, Hfil; CL, 2K, DA, &%
5B, EM, #25%; LC, MoKk PE, BN, PM, SR, WI, FE K. A F/NS FEHCEE — N TR N A RIBEET N A
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Fig. 1 Net mineralization rate (N,;,), net ammonification rate (N,yn,), and net nitrification rate (N,;;) of the rhizosphere soil of over-
story trees, understory shrubs, and herbs in subtropical plantations. AM, Adinandra millettii; CL, Cunninghamia lanceolata; DA,
Dryopteris atrata; EM, Eurya muricate; LC, Loropetalum chinense; PE, Pinus elliottii; PM, Pinus massoniana; WJ, Woodwardia
japonica. Different lowercase letters denote significant difference among species of each plantation in the same season (p < 0.05),
while unmarked lowercase letters denote inapparent difference. Different uppercase letters denote significant difference among plan-
tations in the same season (April is in the bracket, July is outside the bracket; p < 0.05). *denotes significant difference between the

different seasons for the same species in each plantation (p < 0.05).
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Fig. 2 Principal component analysis (PCA) of net nitrogen mineralization rate, net ammonification rate, and net nitrification rate of
the rhizosphere soil of trees, understory shrubs, and herbs within subtropical plantations. A, April. B, July. AM, Adinandra millettii;
CL, Cunninghamia lanceolata; DA, Dryopteris atrata; EM, Eurya muricate; LC, Loropetalum chinense; PE, Pinus elliottii; PM,

Pinus massoniana; WJ, Woodwardia japonica.
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Fig. 3 Redundancy analysis (RDA) of the relationship be-
tween net nitrogen mineralization rate (N;,), net ammonifica-
tion rate (Ny,n), and net nitrification rate (N,;) of the
rhizosphere soil and soil chemical properties and soil microbial
properties in subtropical plantations. MBN, microbial biomass
nitrogen concentration; NH3-N, ammonium nitrogen concentra-
tion; NOz-N, nitrate nitrogen concentration; TN, soil total N
concentration.
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Soil chemical (14.9%)) Soil microbial
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[FIRERE AR LL B o * IR FEMH 235 (p < 0.05), ** IR FEMa R 2%
(p<0.01).

Fig.4 Relative importance of soil chemical and soil microbial
properties in determining the variation in net nitrogen minera-
lization rate, net ammonification rate, and net nitrification rate
of the rhizosphere soil in subtropical forest plantations. Each
ellipse represents the percentage of the variations explained by
soil chemical properties or soil microbial properties. The over-
lap of two ellipses represents the variation jointly explained by
soil chemical and microbial properties. *indicates a significant
effect (p < 0.05), ** indicates a highly significant effect (p <
0.01).

3 g
31 RPRT-IERH LAFIE

SRR ET LRI E 82,41 mgkg -d
HApBRMAES ARG T N2.16 mgkg '-d' (Liu et al.,
2016, 2017). HITL3BFEDAE, 0 A1EHREE (2
WSS, 2000), BN R WAL AT LA
AR 7 L P RRIE AR, R e, I
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FLAR B a4 v 8 3 W o3 mT LA 5| A s ] 26 1

B2 F AR BRI AN (RIS, 2014), (H54
BRFIARMAETS RGUREL, ABE U R B 335 50
I R KPR R o 1% E B2 AT T X34 T 4
WEENAE, SRE W, TP RACFIK Tk ™ &,
T2 B W A B2 AN 20 1H 20 804E A KR & BT K
FIFH, SEAEFRD RN R AR, B iR
SO, 1995).

AHIFFT AR P 8 4 AT TR 8 DL i A
NE, AR NE RN E, 5 KER
WEC4E B IPINTE S, 2000; FEESE, 2009; Ura-
kawa et al., 2016) 5. W7 RIMARHMEDS RSt
Z AL RS AL o VR R AT B 22 AR OR, AR
H0-80% (Gilliam et al., 2001). FEALAEFIAEAR R
AMES RGTH B HRRIAHEM,. —JrH, T
T R AT AR AR L 18 B PO 0 B R R,
ARXHE AR A S R G, TR B AT AT AR AR
Al PASEILAUE SE(Zhang et al., 2013a), SEHER L
T FHEE S FEAR 58, A AE A T RE R
(Aber et al., 1989). 73 —J7 1, WHHER % L35 A
VI B R A R R BAREUIR, B R R A R e,
LU A ML N EE R, FEEE AT
A AE FH B A A 0 %o R P 4T 3 AR pHL I PR 855 5 1R 4 1)
iE M (Zhang et al., 2011, 2013b). 4k, BioRAITM
A= W R 5 B A AR FE P 2R 1 B S BB E  AE
] 52 (BRARAE SR, 2004), {5 FE bR BN E R R
IR
32 MR LIERA AT

York 5§ (2016) W\ AR B i 187 B 1 28 o2 2 AE )
MR R (1) 148, XA LK a2 . A
A 0 Fh AR R B S R A B AR AN (Fu et al.,
2015a; FEEFHEE, 2018), FEHMRFFHIEEN LT
TEZE S AW RIS BAAFR AR A, 4 oA
HR B 38 N FH Napen 0 35 157 T K 2 2O N ERE, TT7
HAMTHER N W& ZAS . 0 R I ik 5% = ik )
MR BR - 35 Niin T N 22 2 52T, 5TRARA A A B
EEFEN). AR TR ST HE AR PR3
WAL RURE ) £ R, BRI #2565
M5 T AN IS i 6 B AR s 3 S0 b e s v o
THREMANEHN, SEARMNEEZR.—Jm, A
[F P S B TS BN TR HLE R

JE RS A N TR E AR Br 3 B0 LR IE 1291

il B 2 F(Moreau et al., 2019), 134502 [8]
RFR T HENH, - N& & BE B E 2 FGERD, BEEm
FRBR A (EI3) . anZR 8 1 55 (2016) & IAH X
THAEMHER, AR WITFRECESE. 75—
T, ARFR EEETNS & HE L B A B3
(F13), Jemr 7 3L A R A LR &
M (Booth et al., 2005). HALHF R, 1%
NH,-NAITN & &) 38 5t B 225 i (1
74645, 2017; Zulkarnaen et al., 2019). A<} 77 & FL,
R AR AR INH,-NFITN S B B & w1
77 NN 771 N 25 N e €7 1 R Sy S B
5), XA RS IX LY PRI —E KR
TP FCAIE BH A0 A2 B R R DA MR b ot B3 U0 2R 1)
FUIR A7 76 2 52 (Phillips et al., 2013), H a4 iR
R For B A 5 35 P ) A 2R, U #4212 (Lin et al.,
2018), HH LG R T AR PR 3R R0 LA S AR 2
THURNE . AT SRR A FIREA S
RARYIFN, AR Mt A% 2% 0 i A G
BN AL AR BOTE AR B AR YR (5 IR 9555, 1992;
P FKEE, 2019). AL, BT R IMAHAR BLAREROR,
Yo A58 PR 5 P e 82 5 R AN BBURR (Hod ge, 2004). FRK
ECEA R AR BB (NS, 2010), ST
AN PRI U BEAS S REARFNBLA
33 Mo ABIRFRTIFERY HLAIE M

AR GE T RHIEY) 2 BIRHE, s | g
AR, 3T T %% AL TE 2 (Booth
et al., 2005; Urakawa et al., 2016). 14 14F#i%5(2017)
SV G R AR . % K B% (Castanopsis kawakamii) A
FLWIRD. BRARURIZR0 A A T PR B 2 R e
SO 9 £ LM R TEL 3 45 L )
Tablel Mixed linear model analysis of the effects of species, forest types,

and seasons on four main soil chemical and microbial properties in sub-
tropical forest plantations (p value)

A3 5k Source of variation NH4-N  NO3-N TN MBN
IRl Specise (S) <0.001"  0.082  <0.001" 0.136
AL Forest type (F) 0.002” <0.000™ 0303  0.695
Z=4 Time (T) <0.001" <0.001" 0725  0.002"
SxF 0.773  0.590 0.769  0.901
SxT 0.928  0.626 0929 0931
FxT 0.026  0.061 0.516  0.086
SxFxT 0.581 0.854 0.655  0.727

MBN, FUEYA R A & B TN, BIEEREE. **, p<0.01.
MBN, microbial biomass nitrogen concentration; TN, soil total N concentra-
tion. ** p<0.01.
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Fig. 5 Multiple comparison of soil ammonium nitrogen (NH;-N) and total soil nitrogen concentrations (TN) in the rhizosphere soil
of different species in subtropical forest plantations (mean + SE). AM, Adinandra millettii; CL, Cunninghamia lanceolata; DA,
Dryopteris atrata; EM, Eurya muricate; LC, Loropetalum chinense; PE, Pinus elliottii; PM, Pinus massoniana; WJ, \Woodwardia
japonica. Different lowercase letters showed significant differences among species (p < 0.05).

THARAAZAN TAREIE TR I, MR8 I8 2 5
TR RN AR R R S A . AR
W 78 2 BUAZ A MR B 3N AN B 2 R T 5 R
FAREHFA MR (B 1), 7T BE-5NH, -NXF AR B+ 358 %00
A AN A D A T A G (E13) . AHIF 78 A A MRAR
PR - HENH, -N & 2 2 25K T 5 B A bR R b s b
(P<0.05), HRAAE P EIREMNH NS5 RIRR
AR IR IR, R AL AR A
B #R 7 AR $04E F (Subbarao et al., 2007). 5B A
= NIRRT, T R A R M R PR g T IR B
NH,-NERS AR bR L5 Al R, 5805
FRIT 5 AGAE A OG0B AR M 808 R PR I BRI,
BEMTEZM T Noin BN 55— 7710, AT RERINAZ AR
A R AR (AM) B B, R I b 2 40 A B AR
(ECM)B M. ECME I AJ L= A= fa 4B, B4t
BA YR PSR AE A, 1AM E = s g
43 WABE J1(Talbot et al., 2008), X Ffi 2 it R ECM E.
BRI AR AR s ZU I R e 4, AT AR T LA ML
JR A3 R 2R (Lin et al., 2018), 5 AMARM T IEN L,
FNNyi i 25 5 T ECM AR MR (Phillips et al., 2013), [FHT,
ECMM & 75 P i 4K T AMB Fh, A5 ECMA T
A 398 4 R A T R R I i AL T R T 2R T AMUAR
(Lin et al., 2018).
34 BHFHRERTIEEN LA

TEMRE . BE/K M52 P 7 3 R T,
TIRBEIEITE L T Rk 2= 5 1 X (Parker & Schi-
mel, 2011) ARHFFTEY], BOEZT=TT 8 E 0 1 Nin+
Namm PN (1), FIHEHE AE A HE B (7 H AR BR
TR BN RE T B TR AR KA )(p
< 0.05)0 — 7 T BRI A AN [R BORE 25715~ 3575 B AL %
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KERZEFEE PN T HIEMBNS (L), #Em
X R B - 498 4 U A B A B s i (13) . AR AT IX
4F4y0-20 e P35 T HBIR 9209 C, BFEKER
86.0 mm; 7H V¥ LR N28.6 C, BFFKE
N219.4 mm, 7H ¥ 3R R S R K B R
FaH, FHEERELEMBNE &R ER &SP <
0.05). Chen%5(2017)HF 7T LR, [4 7K & /b Bl
Tt 3 R A 1) R i e T I 3 A = B AR
VY ERSEIN . 53— A [FZE 15 AR bR L5
B ZEF SNHL-NAINOs-NZ& B4 % (K3, #1).
AN 5] ) P A B %o e AS SRR 2SS0 WO A [
(Moreau et al., 2019), F&/KHIMIEVE 2 hn AR br
TIRFR G RME 2 , SURHR BR  E R YIRE T,
TR o 1 238 25U bt p 22 S M2 (Bell et al.,
2015; Chen et al., 2017). Bb4k, FEYITEAKAEREIH(T
A TREE L TR, B AEY-FEY- 135 B AR A
Z It 3R 53R AL (Hishi et al., 2014), Fit7H
MRBR LI Nmin s Namm HNyiedZ 5 T4
35 TEUEFEMRMIENEVMSRFELIERY
AP

TEAREFE R, -84k 25 1 TR B - 3 0™ 1L
S TR N 29.2%, T T IERAE P TR R
(BEl4). EEREN IS TR I N 3 257 T 13
At o I sZ R, AT DARRE NG 2 57 1130% (Liu et al.,
2017), 10— A5 T 2B A YRR R E A
R IR N (1928 A0, 5 25 (R R IR D A= P (L et
al., 2019). SEhr b, A9)HhsE 2502 ke R ) 384
A VE R BT XS ) (van der Wal et al., 2006). 7E— 5[]
WEEAT T, DAY S —EF e A A
FAMLE: A= ) ARG 4 43 T B Hh R 6 & 724
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