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Abstract: Podocarpus macrophyllus is a common garden ornamental and greening tree species in southern China, with
high economic and medicinal value. To study the physiological response of nitrogen addition under different phosphorus
environments to P. macrophyllus seedlings, two-year-old P. macrophyllus seedlings were used as the material, two soil
phosphorus conditions including low additional phosphorous (0.26 g/plant) , high phosphorus addition (1.08 g/plant),
three nitrogen addition levels including low nitrogen addition (0.53 g/plant), medium nitrogen addition (1.06 g/plant)
and high nitrogen addition (2.12 g/plant) were set up and analyzed the differences of physiological characteristics,
chlorophyll content, gas exchange parameters and leaf nutrient content of P. macrophyllus seedlings in each treatment
group. Nitrogen addition increased the activity of POD, and high concentration nitrogen fertilizer decreased the activity
of SOD. The application of nitrogen fertilizer in a low phosphorus environment increased soluble sugars and soluble
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proteins, decreased MDA and Pro. Soluble protein and soluble sugar accumulation decreased in high nitrogen and
phosphorus environment, but MDA and Pro increased. The chlorophyll content of P. macrophyllus seedlings was the
highest under medium concentration nitrogen treatment. The addition of nitrogen in low phosphorus environment in-
creased the P,, T, and G, of P. macrophyllus seedlings, while C; (intercellular CO, concentration) of P. macrophyllus
seedlings decreased. The P, T, and G, were the highest and C; was the lowest in the medium nitrogen treatment group in
high phosphorus environment. P,, T, and G, decreased, and the C; increased in the high nitrogen concentration and high
phosphorus environment. The same change trend of P, and T, and correlation analysis showed that P, of P. macrophyllus
seedlings was mainly limited by stoma factors. Nitrogen addition promoted the increase of leaf nitrogen content in low
phosphorus environment, but decreased the leaf nitrogen content in high phosphorus environment. Nitrogen addition
limited the accumulation of phosphorus in the leaves of P. macrophyllus seedlings, but the increase of soil phosphorus
content promoted the accumulation of phosphorus content in leaves. The increase of phosphorus fertilizer concentration
increased the enzyme activity of P. macrophyllus seedlings under different nitrogen treatments. The increase of nitrogen
fertilizer concentration decreased the content of MDA and Pro, and the content of soluble sugar and soluble protein in-
creased in the low nitrogen and high nitrogen treatment groups. The increase of phosphorus fertilizer concentration in-
creased the content of MDA and Pro, and the content of soluble sugar and soluble protein decreased in the high nitrogen
treatment groups. Increasing the concentration of phosphate fertilizer promoted the chlorophyll content and photosyn-
thetic efficiency of low and medium nitrogen treatment groups, while increasing the concentration of phosphate fertil-
izer decreased the chlorophyll and photosynthetic efficiency.

Keywords. Podocarpus macrophyllus; seedlings; nitrogen; phosphorus; physiological response; photosynthesis; nu-

trients

DOI: 10.3969/5.issn.1000-2561.2023.09.010

A ( Podocar pus macrophyllus ) S 2 VU
Bl (Podocarpaceae ) W ZREF MR RaEHEAR, ¥
DURSEL . L B SRESRIAR K Y A 25 e,
XFF0 B L DA R XU R T 30405 ey 1)
RITACRDY, HAh R B R A B
IR T B DURAAR IR S5 HL LA A A 5
TS YW RE S0, W E e OB e R A A
ARl /N ) 2R B ORI 26 A A, B
AR 2T, B AR R AN IR A W
R, B2 AN AT R 2T, JRAEREE
BB, NTEFRAEEY AN E
WoOTR, S TR R ES F RR
A NAENTEE PN EELENR, &
PR ENE A 45 T I DU E N T F
RS B AL, ek Mk & T Ak s 4 e o

TIEARE P AT R S 5 I YOt
AR A A B ) IR R R, XA A
KEBRXEL, HIEREDEABICRBINGE
RN FE TRy, A B B A A 1 A K R AR
WA X IR AL T, B IR e
HEE, HRZ2HES5&RTRE G EfE L IE
R TR A Rk B, B R Bz &
PRI CE MR, [ ATP SR, YAk
KBNS, TR FE 7 G ™ AR DR R, K

PR R B T U B A Y LS S5
Py AR B TR 23R 390D, AR EAY
SRR AR GG & L R 2R Y, AU A
Yyt R 5 R, HEYDEERCRZIR, HMPA:
PR 5 R R S TR, A A S
G e 3 3ot U A A 7 A e Y A, AT
MIGTE L DA TR R P AF R R I BE ., o
P AR A ) A, DU AR = JT RN TR U
REZIR, ZFFREERATIN . B DU A KAFBR L
K, BRGNS, T LIRS R AR
FEBLR, PRI L IEREIRE T, TR RS =
S B DO g i A B . AR RS LA
FEOEA R 5 o0 IR AL, ek N TR AR
PR DU R~ i A S 1 e AR Hle | PR 1 e
RIRFEEA T | v B DU N A AR AR A 7 g
THIIRAA R R A B I, AT
ABAIE T B I DU Aot xt 4, Bk
B EEERAR. hoE 3 ADEMREE MRS, LU
PO DN e BN B = S b 3 g N DR S
ROH A7 T B R 148 SR

1 #MH5TE
1.1 R
BFE AL T PR AR R 3T 7k



559 4]

BUEEAE . 5 DU A 76 S (RIS PR 858 T 8 0 20 1) A= L) g 1819

PP B AR PR 2 S v TR R P, A
B oM 22°50'N, 108°17'E, K44 R Eg v 2
WAME, HIRFELE, WK, FHEHN
21.6 'C, HEEHFHRIEN 282 C, LFR%
SRR N 12.8 °C, FRHEREE R 79%!12,
1.2 KIg##

2019 4% 9 H R 7E) POtk A iR X R T T
% B 4 T B AR A6 R 37 1 SE T YRR &R (49.9+
0.78)cm . - K42 4(6.90+0.11)mm Joiw L F 1) 2
SELE B DU VR A S b kL, 2019 4F 9 AR,
2 DS 4l AR 2R Ul + I /K w1, RS AR 2]
K 5E M 31.5 cmx31.5 cmx22.5 cm SR AE 25 Fp
CHPJECHE ), BRaeait - Wt=1: 1 1REG T
15kg, B4 1k, REWLEEIR T RMN, &
2 A JE AT AL BR it A S 56 i I A5 Ao 2
DU G HT FIETS SEH AT . pH h 7.32+0.33, £
A (TN) 24(0.99+£0.06)g/kg, 4>H (TP) K(0.28+
0.08)g/kg, 4% (TK) HM(11.29+1.15)g/kg, /Kfi#
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Tab. 1 Design of experiment

4b ¥ Treatment P/(g-plant™) N/(g-plant™)
fRBEIRA (PLNL) 0.26 0.53
B A (PLNy) 0.26 1.06
s A (PNy) 0.26 2.12
FBERA (PuNL) 1.08 0.53
RS (PuNy) 1.08 1.06
R A (PuNy) 1.08 2.12
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x2 FEBRE, RRMRELTERNN T XA EEEBBIRNZ N
Tab. 2 Effects of different P levels, N addition and their interaction on physiological indexes of P. macrophyllus seedlings

AT AR

Fcir Soluble sugar Soluble protein Pob Pro SOD MDA
F P F P F P F P F P F P
P 0.002 0.963 1.862 0.177 18.838  <0.01 7.370 <0.01 4.049 <0.05 0.409 0.525
N 0.096 0.909  9.957 <0.01 28.201  <0.001 1.685 0.193 3.858 <0.05 0.168 0.846
P*N 1.954 0.150 17.867 <0.01 1.266 0.289 10.310 <0.01 0.286  0.753 3.532  <0.05

e PORBEAL, PoyRFEMT R,
Note: P is the phosphate fertilizer, P is the significant letter.
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Different lowercase letters indicate significant difference between different treatment groups in the same month (P<0.05).
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Fig.1 Physiological characteristics of P. macrophyllus seedlings under different P levels among seasons
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Tab. 3  Effects of different P levels, N addition and their
interaction on chlorophyll content of
P. macrophyllus seedlings

AT Chla Chlb
Factor E P = P
P 0.301 0.585 0.384 0.538
N 21.493 <0.01 8.233 <0.01
P*N 5.696 0.005 2.782 0.069

H: PONBEE, POy RBEMETHE,
Note: P is the phosphate fertilizer, P is the significant letter.
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Different lowercase letters indicate significant difference between different treatment groups in the same month (P<0.05).
B2 AEBRETHENRES IRSEHTEZESESTTEUL
Fig. 2 Chlorophyll content in P. macrophyllus seedlings under different P levels among seasons
g phy phyl g g
F4 AEABKE. RAMRETEYNNZNRHYESETHRSEHZ M
Tab. 4 Effects of different P levels, N addition and their interaction on gas exchange parameters of
P. macrophyllus seedlings
P. G, Ci T
- Factor
F P F F P F P
P 0.147 0.703 14.222 <0.01 19.041 <0.01 0.829 0.366
N 1.515 0.227 28.891 <0.01 4.466 <0.05 20.692 <0.01
P*N 1.957 0.149 12.356 <0.001 2.979 0.058 44.002 <0.01

TE: POABENE, POy BEMTLE,

Note: P is the phosphate fertilizer, P is the significant letter.
25 TP EFJIEIREXES T

IR SRR R HT, SRR A

KR BRMRREE, 5% 6 R, AHEPRAHCHE T
R, PO R R F 85 T, POD. G, A
EIEEAM G RRFIEMG; EElERYS P,
T R R F IR, EPEE RS 25 MDA POD
AT, 2 W8 IEHE; ViR LME SOD 5 Py GAIT,
EWEFIEMIC, POD 5 C B BFEEMNE; mthi
Pro &AM MDA &8 2T FIEMSG; B
PG A B AR SR AR Z A7 FE A 3 1 IE AR
KKFR, THMFNFREREIEMK,

x5 AEBHE. ERANMREZEREI T INH
HEHRFSTEENTM
Tab. 5 Effects of different P levels, N addition and their

interaction on nutrient content in leaves of
P. macrophyllus seedlings

HF N ’

Factor = =) = P
P 2.350 0.151 86.268 <0.01
N 1.459 0.271 152.360 <0.01
P*N 9.311 <0.05 30.552 <0.01

TE: PONBEIL, POy REVET .
Note: P is the phosphate fertilizer, P is the significant letter.
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Different lowercase letters indicate significant difference between different treatment groups in the same month (P<0.05).
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Fig. 3 Photosynthetic physiological characteristics of P. macrophyllus seedlings under different P levels among seasons
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Different lowercase letters indicate significant difference among all treatment groups (P<0.05).
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Fig. 4 Changes of nutrient content in leaves of P. macrophyllus seedlings under different phosphorus environments
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Tab. 6 Correlation analysis of various indexes of P. macrophyllus seedlings
- VA TR
Ir?dt]; Chla Chlb Soluble [ Soluble Pro MDA SOD POD P, Gs C T, N P
sugar protein

Chla 1
Chlb 0.879" 1
AR —0.455" 0481 1
AR 0.301°  0.106  —0.107 1
Pro -0.320" —0.351" -0.141 0.061 1
MDA -0.286" —0.481" -0.053 0.297°  0.664" 1
SOD 0.058  0.080 0.164 -0.278" -0.556" -0.268" 1
POD 0.265"  0.253" -0.445" 04157 -0.107 0032 -0.021 1
P, 0.011  0.115 0.444” -0.290" —0.678" -0.683" 0.586" -0.087 1
Gs 0.353"  0.287"  0.179 0221  —0.518" -0.186  0.489™ 0210 0.447"
G 0.137 0396 -0.398" -0.204 -0.254" -0.428" 0.165 03157 0203 -0.024 1
T, 0.316" 0.213 0398 0.295° —0.555" -0.345" 0.263" 0.043 0466 07097 -0.215 1
N 0263 0236 0397 0499 -0.106 —0496" —0.073  0.167 0327 -0.196 —0.124 0.495" 1
P —0.108 —0.080 —0237 —0307 —0472° —0311 0261 —0.683" 0.070 0.179 0297 0.199 —0.238 1

i

TRARMEER S (P<0.01), "FRBEME (P<0.05),

Note: " indicates extremely significant level (P<0.01), " indicates significant level (P<0.05).
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