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Abstract ;: The purpose of the study was to characterize the response, as well as the regularitity of soil microorganisms in

Podocarpus macrophyllus to different levels of nitrogen (N), phosphorus (P), and potassium (K). Using two-year old
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P. macrophyllus seedlings as the test species, the researchers controlled the gradients of N, P and K nutrient levels using
the L9 orthogonal test in the potted soil. The dilution plate coating method and Biolog-ECO microplate method were used
to explore the effects of different soil nutrient levels on the amount and community diversity of P. macrophyllus soil
microorganisms and their utilization characteristics of six carbon sources. The results were as follows: (1) The number of
soil bacteria (P<0.05) and actinomycetes (P<0.001) decreased while the number of fungi (P<0.001) and nitrogen-
fixing bacteria (P<0.01) increased significantly when different levels of N were added. Additionally, the Pielou index
(P<0.001) of the soil microbial community decreased, and the Simpson index (P<0.05) and Mclntosh index (P<
0.001) increased with increasing N addition. This reduced the intensity of utilization of six carbon sources by soil
microorganisms, especially the intensity of utilization of difficult carbon sources such as amines (P<0.001), carboxylic
acids (P<0.001), polymers (P<0.001) and other compounds ( P<0.001). (2) The increase in P addition significantly
reduced the Shannon index of soil microbial community (P<0.05). (3) The increase in K addition significantly reduced
the Shannon index (P<0.05) and Pielou index ( P<0.05) of the soil microbial community and the intensity of utilization
of two easily available carbon sources, carbohydrates (P<0.001) and amino acids (P<0.01), by the microbial
community. In conclusion, N addition and K addition are the main factors affecting the functional diversity of soil
microbial communities of P. macrophyllus. Attention should be paid to the cultivation of P. macrophyllus by applying
fertilizer in small amounts and multiple times, reducing the addition of N and K, and appropriately increasing the
addition of P to promote the growth of P. macrophyllus and its sustainable cultivation.

Key words: 19 orthogonal test, Biolog-ECO, Podocarpus macrophyllus, fertilization, carbon source utilization,
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BB ( Podocarpus macrophyllus ) & % ¥ Bl
( Podocarpaceae ) & X HA J& ( Podocarpus ) I8 Z24F- A= %7
EREF IR, A 7R TR EH VL L 1 &4 X
(Mill, 2003) ,#%) iz T R AR Eg Ak | 7500 5 i =
2ytll, BA B B 2 T8 O (8 (il 45 2023)
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R DURA B AR AR A 4 S 1 5% N ] 30 o L
AR R T e i B B L,

TREAA AT LA i B AR A 4 32T 3 Ty,
i Xof - SEARA Wy ) R i e A 4 A B AT R ) 9
AR (0% 55 ,2021) o HIERUEWAE N 34
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al., 2005) , 7EAR KB BE b ok 5E 1 9 BT 40 B4 B4 PR
1, e — R B b S i £ IR DL ( Kramer et al.
2013) ,AL45A BT 14 53 fife I TRT B0 5 1) 1455 I E
73 (Cusack et al., 2011) FEEHR AW E A EE
FAEH ( Hemkemeyer et al., 2021), T3/
X i AR 40 ) D i R v R A6 19 JBi e
FRARFE PEM 3R 8 R Gt MY AR A
(Yang et al., 2013) . WF5ERM, - 38 h A 0 5%
SRR INAE W R Y IR Y &
(Jangid et al., 2008; Li et al., 2015) {4 £+

£ ( Kracmarova et al., 2020) .35 B £6, 4% 44 3R K
HXTa IR A IS8 (Jiang et al., 2019)

LRI, A G F% 43 U I X 27 BURs 3 i A W
7% DIRE 2 FE I Ry S e B 5 & /DA UL, S B AN [
RBEHR AN TE R DU RS & I ROR I
R Y e AR &, A WF ARG VP R e bk
Be B eF BT S 3 | >R L9 1E 32 56 i i1 (Jiang et
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P (BOM ¥, 20195 & 7 4F 4§, 20225 Ochieno,
2022) Xof A ] 2 Wi 40 4 o Ak BER  SE BRUA W vR
(BRI A TG P AT BE ST, DT 456 L9 22 40 #r
TUAYTHT (redundancy analysis, RDA ) AL 7Y 3¢ B
M7 ( canonical correlation analysis, CCA) Xf 137
A WIREE DI RE 2 AR PR R AT 20 A, DU RCZE 0 Y
£ B2 S B DU i E S 8 4P S BB AR
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FHAE 45 em, N4 20 em, MR 13 FEARAE
+ 5P 1 LIRA, A H OB BT
Hu U B IR AU NG X 3R M T B 2 RE R Y R
M, 2018 4F 3 J R4 + 8 ke, A —Hk, KM
L9 IEAZ IR 511 (Jiang et al., 2021) , B A BEEH US
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(P,05=12%) Bl ik FHEALH (K,0=60%) ,
BIAHERIE , KAk S s R 1 PRI IR A
Je BT AR R AR AT AN K 3 W RUE B A
FIIEH A, 2018 4F 7 H & b = A2, B 0~
20 em J2EE L S B AR A A BRI A
Z5 A ERIE 3 AR AR, R R
pH {EFA LR 4 0. 2 280 0l i & 35
B R CER 4 S 7.5 il 23.540,0.850 0. 336,
12.680.0.110,0.007 .0.054 ¢ - kg,

1.3 TEREEWHR . RONE

+ e A= W) B Bk ( microbial carbon, MBC) ik
H: W A ( microbial nitrogen, MBN) 2% F G {7 B2 2%
£ (Kononen et al., 2018) M . FRHL 10 g Hrfef £
FET 27 C 65%10 B I FRAA NG 57 24 h J5 BU
BTEB S s T W B A A
10 mL &A45 B /NVEEAR Il — S %A 50 mL Fi NaOH
VTR /N BE R, L 25 58 il B A i G005 T 2 1 S
min J5 M, F 25 C R A S EE 9% 24 h, X R
FARTEZEAE L, B SRS AT 50 mL
0.5 mol + L' K,SO, &, 7850 IR % Jo b U8, V8 V5 V%
VS BRI TOC A0 5 B 2k i A= o e R, 3T
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B, = E. - Eo;

KEC
E\ - EI
B, = .
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K. B AW Rk £, N R
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0.40; B, AW & A E, 0 B2 A A
E AR BRI S A K NI R4 0.45,
1.4 TIEMEYHENTE
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Table 1  Orthogonal test design table
Froy U
b g Nutrient supplementation
Treatment N P,0, K,0
(g-ke") (g kg") (g-kg")
A 0.070 0.035 0.040
B 0.070 0.070 0.080
C 0.070 0.140 0.160
D 0.140 0.035 0.080
E 0.140 0.070 0.160
F 0.140 0.140 0.040
G 0.280 0.035 0.160
H 0.280 0.070 0.080
1 0.280 0.140 0.040
CK 0 0 0

I ( antiobacteria, ACT ) Al [# % & ( nitrogen-fixing
bacterium ,NFB) WECHE . 40 5 H] A= B 2 1 PR B
FRHEEEE IR A S G 1 SR AR IR R
LT IRHE % 5 S ] 20T ] T 8 e B s s 7 Ak
Bigk, MWREIR 1~2d, HIH3~5 d, [HAE 4~5
d, T 5~7 d, 3545 05 B - pit 4k
1.5 TEMEY IR S HENNE

{8 ] Biolog-ECO VA 2k I 5 4 J G A= Wy i
TEUIREZREE . K 10 ¢ ELARERAY £ B fin A K B A
PR AEFER K vh 38 o0 R T, B b 2 T WO R A 2
107 1Y T B W 5 42 Fh 2] Biolog A= AR, & T 25
CREEAM T REIR, BRI FA 24 b HBUCEY A 1%
FEAL FI5E 590 nm Fl 720 nm B9 GAE . I %E 5¢
JD W SR 0t g A e 1 T R R 3 R A e
(average well color development, AWCD) , f§15 3%
Fa %€ J5 43 3318 Shannon index ( H) ,Simpson index
(D) Mclntosh index (U) #1 Pielou index (E) , PEAY
IR YR WAL A R R A
SR (RMMES 2013) . HHEARWR,

H=-YP,XxIn(P,);

D=1-%(P,)*;

sz/(zNiz);
H

=g
AWCD=[ X (C,-R) ]/31,
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iy 18 B 20 B R AR, o R R W B
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o] SR B 5 AR X AN, RO T2 L, A
SR R B RN ) BB B R A KO I s e R
ZEFRK, HT 5 1 B B R A ) R A R A
ACEGRIN T 2 3 T RRALEE . IR 3 al s, +
B MBC #5845 i (P) BN T (8 e K, BARH 4 1
MBC 3% P @S nsZ e R (A & (N) B hn 5 8
(K) By 52 m B BEAH 2 . MBN 32 3% N %5 fin A
K A RE 00 55K, PO s i de /v, N x4
B A K, HL Ol PO, K B e/, N
I I X T 2 B L TR R R TR R T e K, PR I
K RIS /N, o] Zus AT, BRI S, 2 3
15 MBC 5 MBN 52 A [R5 40 4%, Hor P s
FERZI MBC B EZER 7,1 N SR K& i g
B A3 MBN [ £ 2520 A
22 AEEBEEHAMAKTENT VR TIEREDS
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FH % 2 FIAL, S5 IR b g, U A0 TN B R
= 7B U 85 A 9 Shannon 4§ %1 | Simpson 48
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Shannon 8 $GE 288 K52 wAE R, B T EH K

[k N A1 P, K B T {E /N, £ Simpson
T8 20 FN Mclntosh FEECHE AR b, N SNy T (5K,
PRI K WA T {E /N, 7T Z 0% At , 7E Pielou
FEEFE R N P K IS 040 R $) A KA 5 e
YEF, o T (R NI, Hkoh PR,
/N KB,
23 AEIABEERARMAK T T IR LR EY B
A ERRIE R AT

IR S AT A, F2 50 K10 AWCD 7ER5 5% 24 h
Ja AP ISR, 7ERE 7 120 h 4% Biolog Y UA
HEEE B TR E ., A AbBE 5 28 + U Wik
WA 8 T H A AL B Biolog -4t 45 96
AL, 3 31 e A R H: e IR Ak 2 3R AT 1 B 4
16 2, BNEZE (amines) FRIRZE (carboxylic acids,
CAA) . Z E W 2% (polymers ) | ik Ktk & ¥ 2%
(carbohydrate) (& FfRIS (amino acids, AMA) L)}
HA A9 (other compounds, OC) ., H & 6 A %I,
A KR A HEFR 437K T S A 0 6 T A e VR 1 R
B, moKkibaWd AERSE RRIE ZRE
YA HAl AL A 0 e 1 Ah B A ) R AR e 4G, X 1R
b 3EUGT B T 2% R e 7K AR A 0 o VR R AR R
%, X6 LA i 5 ) FH 1) R A4
2.4 AEIEBEER R MK T/ TIN50 B RS F b
egrd—

FH % 3 AT RN, B DU PR oy S M A 3 o 32 1 S %
43 7K 53 T e 4 5 Al A ) s ) R 22 A 1 o 3
P, FEUN AL B T 6 BE AL B NS ikt
T DR R i A S i de K, LUl PO, K AR
S B /I 3 NS IO 27 DU b A8 A K 52 i ek,
YR K B8, P s s i g /N,
2.5 BB RN BN L EM A W E s
E e AR

FH & 7 FNIEL 8 AT GBI R 4 S G 2 TR
T AE Y REE DR 2 HE A B, P N
VNI 52 ) 25 U A S A WV T AR 2 AR T 1
FREF, PO EFE A (P<0.001) | [FA
B (P <0.01) . Simpson $§ %t (P <0.05) .
Meclntosh 3880 ( P<0.001) ¥ 5 N # b 2 o & 1F
G, 40 B S & (P<0.05) 4 W B & (P<
0.001) . AWCD ( P < 0.001) . Pielou $& % (P <
0.001) \MBC/N(P<0.05) 2t J5 A H B (P<
0.001) RIS Hcili A 3 (P<0.001) (2R Y
BRIE A SR (P<0.001) |, HAb A& Bk i ) H
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Different capital letters indicate different experimental treatments, and different lowercase letters indicate significant differences between

treatments (P<0.05). The same below.
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Fig. 2 Effects of N, P and K nutrient levels on microbial populations of four species of Podocarpus macrophyllus soils
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Folded line represents the trend of the indicator with the soil N, P and K gradient, T value in the histogram represents the extreme difference of
N, P and K, the larger the value means the greater the influence of the factor. 1, 2, 3 indicate low, medium, high N, P and K nutrient level ,

respectively. The same below.
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Fig. 3 Polar difference of soil nutrient levels on soil microbial load
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Table 2 Microbial diversity indices of Podocarpus macrophyllus soils with different nutrient levels of N, P and K

fb Shannon $§ %% Simpson 54X MelIntosh $5 %% Pielou 8%k

Treatment Shannon index Simpson index MclIntosh index Pielou index
A 0.753+0.345a 0.978+0.006b 0.985+0.357¢ 0.024+0.003a
B 0.569+0.201bc 0.983+0.002b 0.904+0.339¢ 0.018+0.001a
C 0.552+0.208¢ 0.990+0.003a 0.964+0.214c¢ 0.018+0.009ab
D 0.608+0.293h 0.993+0.001a 1.081+0.073¢ 0.020+0.006a
E 0.375+0.098e 0.998+0.003a 0.997+0.21¢c 0.012+0.004b
F 0.483+0.137d 0.999+0.004a 1.035+0.242¢ 0.016+0.007ab
G 0.557+0.101¢ 0.997+0.011a 1.357+0.266b 0.008+0.005¢
H 0.589+0.104bc 0.995+0.007a 1.563+0.146a 0.009+0.001¢
I 0.497+0.154d 0.991+0.009a 1.641+0.236a 0.016+0.004ab
CK 0.303+0.245¢ 0.904+0.014d 0.721+0.124d 0.010+0.005¢

I ARIRE TR A R A B, R F)/NG TR AL 31 A 25 5 .35 (P<0.05) o

Note: Different capital letters indicate different experimental treatments, and different lowercase letters indicate significant differences

between treatments ( P<0.05).
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Fig. 4 Polar difference of soil nutrient levels on soil microbial diversity
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FECE , TTRE S BB 3G N A ¢, R R K
BFIE N 7E BB AN 0 B PR 8 TR AR K (Zhou et al.
— A = B—=g=D =E=F =G — L —T=CK 2016; Fang et al., 2019) ., [EEf, N 2 S8

1.04
br b b 2 YR RS IR E X PSRRI, a4 b
b b N o N . IR
5 08 I i TR BTG 2k () P85 , T [ 32 48 785 T - S 2O 11
?: 0.6 a é g ¢ % ¢ g %52 ( Norisada et al., 2006; Ushio et al., 2010) .
: g b £ - - - N, R e ey [=} . S
z e 85 5 - A R R T, Li YY 4(2019)
2 b o N — Zuly
L e 14 N TR 22 R 5 A i
@ o02] ¥y 3526 A T I 0 - 48 31 200 1 MR AR B 511, N
= b/ 5 e o N . e i N =)
= 1 AN 25 B e T DU e S [ R R
i , B4 (2022) BFFE 00 N 00 A EL 000 e g
o s e AR 22 0 LA O30 R L, 1720 DA KR 17
AR Incubation time () PR A REARIET , T A 2 5 DURS 3 5 B B N O
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Table 3 Effects of soil nutrient level on height and

ground diameter increment of Podocarpus macrophyllus

2 g L b A Jii L
Trffjim ) Pﬁﬂjr’? }i:‘lill Gro%lffj?aieter
increment ( HI) increment ( DI)
A 19.29+2.33 2.18+0.25
B 23.92+1.42 2.56+0.25
C 25.65+2.27 2.38+0.24
D 23.03+3.04 2.61+£0.30
E 19.73+3.29 2.09+0.15
F 26.97+2.35 2.64£0.22
G 15.67+2.07 1.96+0.27
H 21.11+3.40 1.94+0.12
I 17.79+2.62 2.04+0.14
CK 14.03+3.00 1.54+0.12
NT 3.79 0.50
PT 3.20 0.16
KT 2.11 0.30

. NT PT KT 350378 B UM 1o R AR 38 ik Al 22
Note: NT, PT, KT denote extreme differences in the increments
of height and ground diameter of Podocarpus macrophyllus

respectively.

1.0

K
-
> Simpson 2 MRS
é_ Simpson index MBC ﬁ\ﬁ?/%ﬁiﬁft
% )
-
Z
N
5
e~
onf
on
MuIntoshf % NFB Pielouff% gk
B Mdn:os: index Piclou index | BKLEY
< _ Carbohydrate
B0 RDA 1 (66.7%) 1.0

B7 @EBEEFSRMAEZET
FEEBBTRSN
Fig. 7 RDA of main indicators under the influence
of N, P and K addition level

VEIIFE B A ML ASZE A 0T, B I i 2 5%
i) - A W A A B R

Shannon #8§ £ B T G A= Wy BEVE 09 F &
Simpson 15 HUR I HACHE | Mclntosh 5 EERME 5L
FHETE ) Tl 22 2t 25 1] 0B 1) 22 R M 48 B0, 1T B

B LR YRV I — B | Pielou $5 8050 H 1
SJEE, AT YRR A E E 2N
(ISR, 45 G NTS IOk 200 T R s 4 ) VR
R ELTE A A A AR . TER IS I HLIR
SrEMEOL T N IS A] Be i ek AR T A ALY
AOZH R, TR S 1 - B W 4k vh A DL B
S AR ) B AR M (IR P14 2015) N BRI
et P T B AR S 1) 2 DU 4 b AR A
e R AR W i i S 2R (RIS, 2018)
PR U A AR N e I IS O e S =
B, g i AR B U ORI 5 R IR
TS IEA G (Wang et al., 2017) , [RIB}, 1% B B
T 4 ) RS R B v S BOH A R A W Rl S AR K 2
BHEHA, AMAZ, BIEMAEY Z &
TR WA — AHTEIMAERKSKE .
3.2 EHERAR M ik T I E YRR A4
fE R Thik & HE MR I

AN [F) S o Xk 2 DU A A A ik 5
I FH iR 3 5 0] 5 3 T SPGB T O AN [ ik
TSR R RE ) SO e 1 - SR A= W B 7 Th e 2 R M
T (FRE A R 20088, 2011) , ASBFSE b, + HEf
A= PR IR ) P iR B S 3R S S - SRR A )
2 FE VA W35 0 A DG I, 5 O ke R B B 3
(2022) BIBFSE—BL, ATR] B9 F% 7G5 0 2 %0 2 D0
1 7 A A [ 5 W) DA T 522 i JHG 3 AR 2R 19 3 0 )
R AR WS b R B0 IS 0 Y 28 R A ik 7K
B W2 W R o 2 B 25 i T 0 BR AR 3, 6B 4
FERR A KA G PP DUMAR R B 20 W,
T 33X 2673 0 0 o 1 SBE AA p AR) RD AR ) i 2
K ) % P57 ( Chapin et al., 1993; Zhang et al.,
2020) , WA W AL 5 B U ) A K T 9
T REA AR W W Wi A A2 R R ) A (RS
2021) . M3 RIR (R A WA H AL & Y 11
Bl v 52 R S M AR 0 2 T ) 2K B ( Hiraishi &
Khan, 2003; Zhalnina et al., 2018; 5K i 53 %,
2020) , 33k ZRMEF Btk P8 BE 2 S5 2045 - i 14 n
F TR, ATREM T NP K B iy mig s 7+
M AR BE ( Zhou et al., 2017) Tl 330 + 3G
XAl U 1 1) FH 588 3 I 3 R B (Waang et al., 20205
Wang et al., 2022) , AHWFFTA T, N O i [
AV 8 440 T R 3 4 AT 190 K R R Ry L T R [
R B, R T HEE YRR 0 E B S
FEHE TR YR — St ML B, DU [ 42



904 OO0 MW 44 %
ﬁ‘ N Pk % % — 1.0
@; — *P<0.05 **P<0.01 ***P<0.001
P
K xx% —0.8
4 Bacterium | % *kx
TR ACT [ X kX% L 06
B Fungus [exx X KXKKXK
[& % # NFB [rxx ok kk kK 0.4
A Ak MBC ] ’
A B MBN | * 25 ok
Shannon#§#{ Shannon index *kk ~0.2
Simpgon%ﬁ Simpson index Poxxsx skxx x x x % TR
McIntosh#f % McIntosh index [&** Rk kRXKR X xk Xk Lo
Pielou#f % Pielou index *kk
Eﬁ@qzig,},ﬂ:gg AWCD [r** Kk KXKKKK Kk % * *kk KKK L 0.2
AW EB A L MBC/MBN | * & xx K xR
H’i% Alnines Pkkx X *k kkkkkk kk * *k kkxk *Kkxk *%k%
‘#ﬁ@% (:AA % % % *  kkkkkkkkk * k% *kxk kkkkkk B -0.4
2 B2 Polymers [rxx x Kokkok XKk ko kX sk KkKKKK kKK KKKEKKKKX
HIER% AMA o xk ] o B L 0.6
IKAL B #2 Carbohydrate * kkk P ]
/ﬁ\‘m%ﬁ% OC PRk x X * k) kkkkkk kk *k KKk Kk kk *kxk kkk kk kkx *k Xk | _0.8
**"él‘i%% HI * k% * * X * * %%
HifE & DI il * * %% Sk skok L 10

; SIFFTEEET¢
FRCEEH S s5 e TOTHIHS T %
g@ﬁ@%@?ﬁgﬁ%ﬁ%ﬁ%§gy
T S Eee S FFY
Fores k& M g
ST ¥

B8 FNMFIEIREXERE

Fig. 8 Correlation heatmap of Podocarpus macrophyllus indexes
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