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Effects of light intensity variation on nitrogen and phosphorus contents, allocation and limita-
tion in five shade-enduring plants

XIE Hong-Tao, YU Mu-Kui, and CHENG Xiang-Rong"

National Field Research Station of Eastern China Coastal Forest Ecosystem, Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hang-
zhou 311400, China

Abstract

Aims To enhance the understanding on nitrogen (N) and phosphorus (P) physiological responses to different
light environments in shade-enduring plants and provide references to improve the stand structure and ecosystem
functions of plantation forests.

Methods We selected seedlings of five shade-enduring species with high ecological and economic value in sub-
tropical area of China to study the effects of light intensity on leaf N and P contents, allocation and nutrient limita-
tion in shade-enduring plants. A light intensity gradient of five different levels was set to simulate the varying un-
derstory light environment.

Important findings With decreasing light intensity, the total biomass and total N and P accumulation of five
shade-enduring plants all showed a decreasing trend, but N, P contents in different organs increased. Among them,
Gardenia jasminoides (GJ) had the highest while Illicium henryi (IH) had the lowest N content; The P contents of
Quercus phillyraeoides (QP) and GJ were significantly higher than Elaeocarpus sylvestris (ES), Ardisia crenata
(AC) and IH. QP and GJ had the highest N, P contents under extremely low light intensity (6% natural light
intensity) condition (LIC), while AC and IH had the highest N and P contents in low (15% natural light intensity)
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and moderate (33% and 52% natural light intensity) LIC. ES demanded differently for LIC on N and P, which
were 52% and 6% natural light intensity, respectively. N and P allocation of ES, AC and IH followed leaf > root >
stem, but for QP and GJ were root > leaf > stem. Decreasing LIC significantly affected N and P allocation. N con-
tent variations shown good consistency among different organs under higher LIC (100% natural light intensity)
while distinct variability under lower LIC (15% and 6% natural light intensity) in all five species. Phosphorus
contents exhibited good consistency in IH, QP and GJ but varied in ES and AC. Decreasing LIC significantly
affected organ N/P ratios of shade-enduring plants, but the fundamental growth restriction patterns remained.
Light intensity variation and tree species co-regulated N, P utilization and allocation in shade-enduring plants, and
then affected the total biomass and total N, P accumulation, which might result from the change of N and P
utilization strategy. Therefore, light intensity preference and N, P nutrient balances in shade-enduring plants

should be taken into account when constructing multiple layer and uneven-aged forests.

Key words light intensity; shade-enduring plant; N content; P content; allocation; adaptation strategy
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Fig. 2 Total N, P accumulations and biomass of five shade- enduring plants under varying light intensity condition (mean + SD).
AC, Ardisia crenata; ES, Elaeocarpus sylvestris; Gl, Gardenia jasminoides; 1H, Illicium henryi; QP, Quercus phillyraeoides. 100R,
52R, 33R, 15R and 6R represent 100%, 52%, 33%, 15% and 6% of the natural light intensity, respectively. Different lowercase letters
indicate significant differences between light intensity conditions of the same species at p < 0.05 levels. Different capital letters indi-
cate significant differences between species of the same light intensity condition at p < 0.05 levels.
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Fig. 3 Total N content and organ N contents of five shade-enduring plants under varying light intensity condition (mean + SD). AC,
Ardisia crenata; ES, Elaeocarpus sylvestris; Gl, Gardenia jasminoides; TH, Illicium henryi; QP, Quercus phillyraeoides. 100R, 52R,
33R, 15R and 6R represent 100%, 52%, 33%, 15% and 6% of the natural light intensity, respectively. Different lowercase letters
indicate significant differences between light intensity conditions of the same species at p < 0.05 levels. Different capital letters
indicate significant differences between species of the same light intensity condition at p < 0.05 levels.

doi: 10.17521/cjpe.2016.0248



564 FEMIEZ IR Chinese Journal of Plant Ecology 2017, 41 (5): 559-569

SRR |
QP A A A A A A A A A A AT
|

GJ O EA Total N

E = A% Root N

N I L

q B & T& Stem N
AC
ES

n 3 . X )
0 0.05 0.10 0.15 0.20

Ly
op [ rzzzzezn
RN

m O &% Total P
GJ - HRZEBE Root P
S B 8% Leaf P
H o) B B T8% Stem P
A m ...... ]
1 1 1 \]I 1
0 0.1 0.2 0.3 0.4 0.5

AR5 Z B Coefficient of variation

B4 REDCIEGEE THEYSBEN. PEEMER R, AC, KWW ES, IHFLYE; GI, 1 H, 45 E; QP, Xk,
Fig. 4 Coefficients of variation of N and P contents in plant organs under varying light intensity condition. AC, Ardisia crenata; ES,
Elaeocarpus sylvestris; Gl, Gardenia jasminoides; IH, Illicium henryi; QP, Quercus phillyraeoides.

FEIG IR N33R SN R m(E3). MR, 5
XIBRFIAE T SN B GRS B 3 A8 A, N 2
T I 6 6 5R 4 B 1SR 15RAI6R, 3X 3 B 5 F
T D LEAR S B PA 15 A 350 B 47 FOON R i g

FEAFEHRGRE T, M. FT AR AN
TERARNEER@P <0.05). FEEHAIMNEGEX
REEAREE: >R ASE T BEEGERNTS, &
WHEENG ERAEZ AR SR T (100RFI52R),
YA B AR AN = AR I BT
St € i 1 B N i ) ) R (E R 5 i ot
(33R, I5RAHI6R) T, KU &K 7 ek, JUHZ
BT ARR R ZH NG &, WEgK, S8 FED
A IR (K13) o 1X 3R B B RE ) 75 A IR o 3
B NF A SR AN\, AE BT IR B Bk R A,
A 1) FK 5 2 N EL B Forb, T A AR
FAE T HING EC 2 7= R A0 B P 3B
23 AEXBTEMEPIZHEPEE

AR R E I E S PRI SR EPR Ep <
0.05), H¥Fh =R E . A RREE T, X
FRAIHE T ISP A BB T AL 3. RS AR AN
2L A (ES). BEE OGRS, RO, HEF AKX
BRI PA i 35 0 25 38 0, 1L bk 5k 9/ 5
SEIUTE LR, Z0EE NG @p < 0.05),
RILHEH S IPRICRAE . (AR TE . REHR .
M T 5 X MR 38 75 B AR S 5 I A e v (P & (15R
AI6R), 1My £1 T 7 W £ H 45 ' 58 (52R) IS A d¢ g TP
T, RRWSHEEMRGERAERRFEALR
LF (PR I e

EAFDEE T, HEY A BT AR AP &
BEERP < 0.05). FEPEEMEYAZEFINA
[, ALTE, RIS WP S EX RN >

www.plant-ecology.com

WRASFT; BTFHERI A AR>S F>EF;
5 XIERIEAR B> =i T B LIRS, 40
B NET A XARP S AR B 2 1A AR AL RN
— 8, (HL AR R R — 2 15 R (ES) .
X5 NF A R B LR B BB A, HARHE
PRI T 28 B P AR = RAEH, R
TEADAR N B PAE 8 B T8) 1R 43 O R FH AT R B8 22 3 52 2]
PN EBATL AR FRT 7

24 AEIEETHEYEEEHIN PR IRFIRR

ARV, AT, RR. 4wEE. 16
T 5 X FR A NP AR A 3 43 3l 99.01-16.48
11.57-13.57. 8.16-11.51. 9.86-12.47414.39-5 .41, 2%
S RE D P N23.08% 5.94%. 12.04%. 9.72%F0
9.25%, FHIJE5RAT Ak 5R ZL R 1L AL JE IR ENCP, T
ST AT AR ARSI 5 58« MAN:PAEAE S8 BT a9 22 5, 1l
g, Mo T-F1 S KRR BN F>FF>HR R, Ak
WOAR A I > AR R >4, 2018 3 2 AR &> >
HT(3£2).

s B M EY) 2R B NP (p < 0.05). I
JN:PARAGE FEAR XL/, AT AR &R NP AL,
MR K o BEAE GIRIRTS, 1A% 28 B N:PAas hn
Ja ik, R2IE U, KRR T NP — H ik
N, RERENPAECNEIG R, LEA . HE5AD XER
HARENPRAGESAL, B 5NN, &4
FhTE 38 B KT _EINPARAL S it T EAIIEAS [ 6 3R
BE R B AR B AR AR 3 FRAR T, AREL T AR R
N. PFHTREST.

BE & G sRIRSS, M NP IS, HJL
AR AEP I AR K2 PRAEIL(R 2) o LU AL SRR D
MR —EZPRR I, 200 &S KR — B2 NER ], 1
M+ JLF—E 5N PHLE RS .



WA DUIRBR AN 5 A B BT 0 & B P EC AL BRBPIRBLAISEmT 565

—
(%]
T

BB R
Total P content (g'kg™)
5

o
n

(=

N
n

N
(=]
T

—
W
T

1.0 |

B R
Leaf P content (g'’kg™)

05

TSR
Stem P content (g'kg™)
5

Dc £b ‘ &

WRBESER
Root P content (g'kg™)

H
YyFf Species

5 ARDEHE T A EY S P& S EPE B ELRMEMZE). AC, JRIPIR; ES, [WALTE GI, #87; IH, ZLH#; QP,
B X#E. 100R. 52R. 33R. 15RFI6RZ; IR HARIGIRITI00% 52%. 33%. 15%H16%. A F/NEGFREFRRE AR
JenE P B E R R E(p <0.05); ARKREFREIRFE G FA R F P& 8 2% 7 R 3E(p <0.05).

Fig. 5 Total P content and organ P contents of five shade-enduring plants under varying LIC (mean + SD). AC, Ardisia crenata; ES,
Elaeocarpus sylvestris; GJ, Gardenia jasminoides; TH, Illicium henryi; QP, Quercus phillyraeoides. 100R, 52R, 33R, 15R and 6R
represent 100%, 52%, 33%, 15% and 6% of the natural light intensity, respectively. Different lowercase letters indicate significant
differences between light intensity conditions of the same species at p < 0.05 levels. Different capital letters indicate significant
differences between species of the same light intensity condition at p < 0.05 levels.
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Table2 Nitrogen/phosphorus ratio (N:P) of five shade-enduring plant species under varying light intensity condition (mean =+ SD)

YFh Species

AHX M5 Relative light intensity

100R 52R 33R 15R 6R
ke JN:P Total N:P 9.01 + 0.59% 15.95 £ 0.53" 16.48 £ 1.19 14.50 £ 0.29"° 10.87 + 0.3845¢
fylfvee‘;‘;flgpus It A'N:P Leaf N:P 15.90 + 1.194% 18.96 + 0.59%% 19.11£3.11% 17.31  0.45%% 15.67 + 1.79%
K FN:P Stem N:P 6.79 + 0.60"° 15.70 + 0.02"° 16.14 + 0.40™ 12.23 £0.37% 6.66 = 0.10%
2 ZN:P Root N:P 5.17 +1.08™ 8.72 +0.595 9.31+0.83™ 9.39 + 1.34 8.28 + 1.06™
AR JN:P Total N:P 13.57 £ 0.45% 12.62 +£0.11%° 12.26 + 0.34% 12.67 +0.41%° 11.57 £ 0.474°

Ardisia crenata

i FN:Pi Leaf N:P 16.15+0.71*°

16.59 + 0.48%°

17.63 + 2.80%% 16.61 + 1.17*° 19.41 +£0.11*

FFN:P Stem N:P 15.28 +1.18% 10.27 +0.01% 9.63 + .25 8.75 + 0.44%¢ 8.28 + 0.855¢
18 AN:P Root N:P 11.61 +0.92%* 10.26 + 0.09”* 9.64 + 0.23%° 9.58 + 0.08"° 10.58 = 0.174°
ANTEES JN:P Total N:P 10.14 +0.73¢ 8.16 +0.28™ 11.11 £ 0.04< 11.51 +0.075¢ 10.37 +0.025
Hictum henryi i p\.p 1 caf N:P 10.73 = 1.06% 9.91 40,28 12,24 + 0,68 12.09 + 0,05 11.87 + 0.40
Fe NP Stem N:P 13.22 + 1.005® 8.16 + 0.44%° 14.05 + 0.34%° 14.53 £ 1.07 12.37 £ 1.39%°
2 Z&N:P Root N:P 7.97 +0.285° 6.33 £0.15% 8.24 +0.51% 8.92+ 0274 7.19+0.13%
Wi JN:P Total N:P 12.47 + 0.24" 10.30 £ 0.15° 11.59+0.91¢ 9.86 + 0.42° 11.83 +0.29*
gg’fn‘ii’;’;es I JN:P Leaf N:P 15.75+0.51% 1422 4 034 15.12 + 091 15.62 + 1.265® 16.30 = 0.48%
‘ FFN:P Stem N:P 10.24 +0.72°* 6.41 +0.39> 8.15+0.55° 5.84 +0.06>¢ 5.14 + 0.09™
2 ZN:P Root N:P 7.05 +0.15 5.29 +0.01 5.88 +0.89“" 475 +0.36% 6.48 +0.31°%
L5 X BR JAN:P Total N:P 5.38+0.01> 5.41 +0.04% 439 +0.04™ 5.23+0.25> 454 +0.05%
I%f’ifl’;r”;eoides I AN:P Leaf N:P 11.64 + 0.23% 9.84 +0.15°™ 924 + .85 10.39 +£0.13™ 9.92 +0.16™*
K FN:P Stem N:P 3.65+0.12% 3.3240.05% 2.98 +0.03> 3.57+0.14" 3.59 +0.02%
2 ZN:P Root N:P 3.82+0.12% 3.52+0.02> 2.79 +0.37°° 3.54+0.35% 2.65+0.02°

FAT A /NG E R RO A — ) & 8 BAEAFCRACE FNPE R EE@ < 0.05); FAFIRATARKES FEBFRRAFRBEYE S5 EHRCRAGT
N:P%E R 8E(p <0.05). 100R. 52R. 33R. 1SRMIERHHILR AR GHEAI100% 52%- 33%. 15%F16%.

Different lowercase letters indicate significant differences between light intensity conditions of the same species at p < 0.05 levels. Different capital letters
indicate significant differences between species of the same light intensity condition at p < 0.05 levels. 100R, 52R, 33R, 15R and 6R represent 100%, 52%, 33%,

15% and 6% of the natural light intensity, respectively.
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