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Effects of light and N-P supply ratios on growth and stoichiometric of Schima

superba
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Abstract; Light and nutrient limitation are two key factors affecting the growth and regeneration of understory plants. In this
study, the growth and stoichiometric traits of Schima superba’ seedlings, a dominant evergreen tree species in the
subtropical area, were studied under different light conditions (full light, shading of 45% full light) and N-P supply ratio
(5, 15, 45). The results showed that: (1) shading not only significantly inhibited the biomass accumulation of different
organs and individual plants of S.superba, but also increased P limitation. Although N and P additions did not notably
promote the growth of S.superba, the growth performance was more beneficial to the later growth when the N-P supply ratio
was 5, but high N-P supply ratio might lead to P limitation. (2) Shading significantly increased the content of leaf N and
P, but markedly decreased the leaf C/N and C/P ratio. The content of N in each organ or whole plants increased notably
with the increase of N-P supply ratio in different light treatments, while the C/N ratio gradually reduced. The distribution

patterns of P element changed, and the order of the P content in full light group followed by stem > leaf > root, and that in
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shading group was root > stem > leaf. (3) With the increase of N-P supply ratio or the decrease of light intensity, S.superba
tended to decrease the root-shoot ratio and root biomass ratio, and increase the leaf biomass ratio and stem biomass ratio.
(4) The biomass of S.superba was markedly and negatively correlated with N and P content of each organ and leaf biomass
ratio, while it was notably positively correlated with C/N and C/P ratio, root—root ratio, stem biomass ratio and root
biomass ratio. Overall, both the change of light intensity and N-P supply ratio significantly affected the nutrient utilization
characteristics of S.superba seedlings. Our results indicate that it is critically important to adjust the stand environment for

the early growth of S.superba as a nurse tree species.

Key Words: light; nitrogen-phosphorus supply ratio; stoichiometry; growth traits; ecological adaptation

SRR L F B DX B A 252 4 SR A Jrg “ A T2 B iy 50 AR A 3 = ) 2 IR 4, 2 v
AR S it A PRI ZE 0 b it Y T DX TR LGN 2 3 A7 A AR A 2 R B — A 7 AR
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i, 0 FALAEN 1 em x 1 em, ARIFIEFHINAGE RIS A ( HAR 3—6 mm) , FEAC AR B 408 A =401 AR
B4 N P &8 0.24 ¢/kg,0.11 g/kg, AEL N P K FIAHLE & 553504 20.53 mg/kg,0.51 mg/kg,53.60
mg/kg,2.86 g/kg, 11 pH i 4.87, ARIEALAFAE A 35 em, [ EHAR 25 em, T EAE 15 em, 5 AR A#TIT
B I B ARG B LA AR S — A 2R TR AR AR

1.3 kit

ARG ALHE 2 FOCREFN 4 Rl AT AL, 3t 8 ASALHACY AN 12 IRER ., T 2019 4F 3 A 17 HiEAT
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BEEIL TR C &8 (P<0.05) HXH N/P L 25 C &8 ZEN/P b YIS C EEMAMEY S N/P TR
B (P>0.05) .

F1 AEFUFHEMERKERONEAERFTESH(FEH)
Table 1 Results of two-factor ANOVA for the growth traits and stoichiometry of S. superba (F)

. PR Trait
H# Factor df
RC RN RP sC SN Sp LC LN LP TC TN TP
JGHE Light 1 158.01** 352137 13831°" 21.74™" 1189.05"" 41.78*" 314 3470177 253877 3864 12468377 259.56™F
7743 Nutrient 3 15317 5871** 073 111 8627 11.80"" 239 25107 5297 3.40 366" 796"
Light x Nutrient 3 1.9 B8 072 573" 1933"" 686" 7417 5237 045 869" 20917" 5447
RC/N RC/P RN/P SC/N SC/P SN/P LC/N LC/P LN/P TC/N TC/P TN/P
JEHE Light I 0434477 104657 852° 1980477 37.19"" 934" 214707" 26727 210477 828957 408.72"" 8.87"
F#4) Nutrient 3 354927 163 0.95 3B 7897 70477 24057 5557 938" 509" 1024 15.60 "
Light x Nutrient 3 38028** 170 0.29 4051 1.20 1.27 1375** 151 3.02 3B/ 417" 234
RSR LBR SBR RBR LW SW AGB RW BPP
JEHE Light 1 1455 46227* 42837 13.08°" 206537 288.157" 272247 255057 396197
7%45 Nutrient 3 13.14* 308" 9697 11.65™ 7397 360 640" 11527 555
Light x Nutrient 3 415" 6.51"710,69 " 349" 3.52 378" 3.34 1063**  3.10

RC: 4% C Root C;RN: 4 N Root N;RP ;4% P Root P;SC;:2% C Stem C;SN;2% N Stem N;SP ;2% P Stem P;LC: " C Leaf C;LN ;i N Leaf N;LP; P Leaf P;TC; i C
Total C;TN: & N Total N; TP & P Total P;RC/N: 4 C/N Root C/N;RC/P ;4R C/P Root C/P;RN/P 4R N/P Root N/P;SC/N: 2% C/N Stem C/N;SC/P ;2% C/P Stem C/
P;SP. 2% N/P Stem N/P;LC/N: M C/N Leaf C/N;LC/P ;M C/P Leaf C/P;LN/P i N/P Leaf N/P;TC/N: & C/N Total C/N;TC/P; S C/P Total C/P;TN/P ;& N/P
Total N/P; LW : T Leaf weight; SW: 25 T Stem weigjt; AGB: Hh |- 4: ¥ Above ground biomass; RW: # T Root weight; FRW : BPP: S/ 95 Biomass per
plant; RSR: M . Root-shoot ratio; LBR ;I 5 [ Leaf biomass ratio; SBR : Z5J5 . Stem biomass ratio; RBR : AR5t Root biomass ratio * Fl # 437w 5% 197K i
ER

fEAC A Y 5 NPCK AR b, T 3508 0 AR C N & i, W AR TR C/N L, HLRE SR 4L L il
ASAR T B B AR Ak (P<0.05) s NP45 I i 35 R AR TAR C/P [, MEE B EM N T 25 N &8, BRI T2 O/N
L, HBEFE ML A5 28 Ak i 25 728 Ak ( P<0.05) s NP5 I 5B 3884 i 728 € & (P<0.05) ; NP45 I i 538
TP & (HEEREILT 25 C/P H(P<0.05) , B T N &, BT i C/N L, HRfFR
S3BER LU 5] 04 A8 Ak 1 i 2 AR Ak (P<0.05) 5 I N/P B 23 LU ] 35 I 52 b R A it AE b 2 n T A
B CF R (P<0.05) A AR B 38 T ALY B N A, BRI TREAE C/N L, HLRE IR 4350 A G AR Ak
RFBA(P<0.05) ;NP4A5 I Z N THIYE P &5 (HR 3 FAK THIYLE C/P L 7E NP5 R 45 i)
S N/P i 2RI (P<0.05)

TEHEBAZH Y, 5 NPCK AH L, NP5 IR AR TR C & ik (C/N Ho, BRI TR N & & NP45 I g %
R THR C & (P<0.05), Hifl &AL T25 P & NP5 A1 15 B 5 &2 98 725 ¢/P Fl N/P Ho ,NP15 Fil 45
B S RRAIR T 25 C & (P<0.05) . FAE @ E R T it N & & (P<0.05) ; NP5 B F 2 0F TAEY A N &t
(P<0.05) ;NP15 B AR THI A C P & i, BN THIY S N/P H(P<0.05) ; NP45 ] 5 25 REAIK T 4E
P C.P i, B THY B N & (P<0.05) .

2.2 RFEDEIA N P AR FLB N AT 45 88 B Ak 2 T A B AR

Pl 1, 24 BRI A i BN I 8 AR TARAIZE C & i i P& i R C/P HUAYAME . R AR B A
NP iR EREAL TR C & (P<0.05) , K N P LR FL B AR 2R v P it S8 19 ( P<0.05 ) 5 1 it B 4k
R ANFE R NP RN R 45 BFAR C & B33 (P<0.05) N P Wi &8t & Tt A AR R P & i
(P<0.05) , it CIRANEAL IR N P iSIn—EFEEE B T 25 C/P b, N & & C/N N/P HUTE
ARIZSE AR N SR N/P N SHESZE C/N R >ZE S0,
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x2 TRAXRMELTERBEUFITERKBZ M

Table 2 Effects of different light and fertilization on stoichiometric traits of organs of S. superba

SR YR </
O%Er;ns fght izr}iem ( g(/jﬁg) ( gljlig) ( ;Eg) wN wP e
i Root Eow NPCK 468.02+1.17¢ 6.39+0.06f 0.44+0.08b 73.21+0.55a  1093.59£179.32a 14.94+2.47abe
NP5 475.7240.13a 7.34£0.04e 0.49+0.06b 64.77+0.40b 982.59+134.50ab 15.17+2.03abe
NP15 471.61+0.73b 8.27+0.10d 0.51+0.02b 57.01+0.74¢ 931.40+35.88ab 16.34+0.61ab
NP45 473.07+2.08ab 9.32+0.02¢ 0.56+0.04b 50.75+0.22d 846.60+62.56b 16.68+1.27a
R NPCK 460.71+1.29 12.73+0.19b 1.03+0.11a 36.21+0.62e 452.93+£52.29¢ 12.50+1.26¢
NP5 465.26+2.45d 14.10+0.18a 1.13£0.31a 32.99+0.59f 430.09+101.41¢ 13.02+2.99abe
NP15 460.05+1.47e 12.98+0.42b 1.00+0.09a 35.46+1.20e 461.86+42.06¢ 13.03+1.25abe
NP45 464.33+1.66d 12.75+0.27b 1.00£0.10a 36.64+0.85¢ 470.35+£68.75¢ 12.86+2.17be
2% Stem 2t NPCK 476.00+15.36b 3.90+0.19e 0.65+0.07¢ 122.28+3.81a 743.39+95.45ab 6.07+0.65¢d
NP5 488.07+0.50a 4.29+0.01d 0.64+0.03¢ 113.86+0.27b 767.14+29.54ab 6.74+0.27cd
NP15 484.77+1.75ab 4.42+0.16d 0.61+0.09¢ 109.69+4.11b 811.96+133.14a 7.40+1.21cd
NP45 485.86+1.88ab 5.38+0.20c 0.82+0.13b 90.34+3.52¢ 606.44+96.69bc 6.70+0.95¢d
TR NPCK 476.69+1.31ab 7.55+0.12ab 1.28+0.08a 63.11+0.82d 374.30+23.89d 5.93+0.33d
NP5 474.80+7.22b 7.7240.33a 0.85+0.16b 61.59+2.03d 576.39+124.85¢ 9.35+1.90ab
NP15 461.74+1.08¢ 7.19+0.30b 0.73+0.02be 64.27+2.81d 635.07+13.49b¢ 9.90+0.62a
NP45 463.58+0.37¢ 7.25+0.06b 0.89+0.04b 63.78+0.67d 507.82+9.77cd 7.96+0.24hc
I Leaf £y i NPCK 483.00+1.31c 8.57+0.57¢ 0.52+0.10b 56.54+3.60a 956.34+203.76a 17.08+4.65¢
NP5 486.80+3.66abc  11.25+0.23d 0.60+0.14ab 43.29+0.57b 846.75+217.15ab 19.60+5.23bc
NP15 487.80+4.85abe  11.84+1.62d 0.53+0.09b 41.80£6.47bc  943.25+159.81a 22.59+2.40abe
NP45 488.10+£1.83abec  14.84+1.53¢ 0.62£0.16Aab  33.11£3.15¢ 815.24+195.34ab 25.14+8.40abc
] NPCK 489.43+0.32ab 17.78+0.63b 0.68+0.07a 27.55+1.00d 725.05+71.82ab 26.33+2.73ab
NP5 489.87+2.54a 19.59+0.80a 0.77+0.03a 25.03+1.18d 637.14+31.90b 25.45+0.21abe
NP15 484.43+0.25bc 19.40+0.82a 0.69+0.07ab 25.00+1.02d 703.82+76.74ab 28.11+2.16ab
NP45 491.07+3.80a 20.67+0.18a 0.70+0.04ab 23.74+0.01d 686.38+29.16ab 28.92+1.22a
B E Total LM NPCK 476.75+4.42b 6.70+£0.25g 0.53+0.07d 71.25+2.35a 913.22+128.62a 12.86+2.23¢
NP5 485.09+1.71a 8.19+0.11f 0.59+0.05¢d 59.23+0.61b 825.74+73.90ab 13.95+1.36bc
NP15 484.1242.69a 9.10£0.90e 0.55+0.06d 53.61+5.85¢ 893.47+101.3%a 16.72+1.83ab
NP45 484.68+1.26a 10.47+0.71d 0.68+0.11¢c 46.43+2.93d 723.95+117.67b 15.73+3.47ab
] NPCK 480.66+0.14b 14.36+0.37¢ 0.89+0.02a 33.48+0.87e 540.53+10.49¢ 16.16+0.73bc
NP5 483.44+2.97b 16.59+0.46a 0.84+0.04ab 29.16+0.98e 578.07+27.85¢ 19.85+1.39ab
NP15 474.29+0.43¢ 14.99+0.36bc 0.75£0.04b 31.65+0.73e 632.63+34.54c¢ 19.98+0.73a
NP45 479.15+2.24bc 15.65+0.11ab 0.80+0.04b 30.61+0.06e 600.37+27.55¢ 19.61+0.89ab

RIRNG TR [Fl— 2 B AR b PR 25 5 8 3 (P<0.05) ; NPCK . ANjfafIE X} I8 , Unfertilized control ; NPS ; ZBHLI H )4 5 N-P supply ratio was 5;NP15 : ZUB it
B AR 15 N-P supply ratio was 15;NP45 ; ZUBEHERL EL )R 45 N-P supply ratio was 45

2.3 AFEDERFIEBEALR L F) AR A K S A i o B R AE

£ NPCK ZHh JEER 2 B BRI T ORAT A ek AR i b T BT M B A AR T E AR e FIAR 5
Fo (] 2) (P<0.05) fE8 25380 T ik e (18] 2) (P<0.05) , X 25 5 HL G i 25 52 ma (1 2)

FEAEIRAIH 5 NPCK A E , AN [RIFR /N7 34 hn T Skk A= 9 & (&1 2) (P>0.05) (H ¥ B AL T
M MRS L AR T L (141 2) (P<0.05) , NP5 IR 82 0 5 34 (181 2) (P<0.05) ,NP15 £ NP45 i 255t [t
WERIN(E 2) (P<0.05) , NP5 Fl NP15 iy 5 Fisth [ A= 9 3538 m (& 2) (P<0.05) , B 5 U AHE
NP15 B @ hn (& 2) (P<0.05) .

FEMERIZE T, 5 NPCK AH L, AR SR LN LB 7 Bk A Yy 18 B T8 M LAY s R TE
(Kl 2) (P<0.05) , NP5 b2 A i H e 2 & 5 (& 2) (P<0.05) , 25T b B PRI (&1 2) (P<0.05)
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1 FRESERFEET ZHREHNUFITENEFE
Fig.1 Effects of different light and fertilization on stoichiometric allocation of each organs
R/ NG FEEFR R — A PR R 8 E A 22 5 B3 (P < 0.05) ; NPCK : A IE Xt I8, Unfertilized control; NP5 : 0B {513 HL 5 5 N-P supply
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2.4 AN[FEPERE] A R

PR3, BRI S A 2 E A C &8 C/N K C/P W B ERIEMERER (P<0.01) i 584
FUE N P &8RS E R AMELR(P<0.01) , R N/P HE&E KRS B EIEHKEE R (P<0.01) 1
H N/P HS & KPR B B & AL R (P<0.05) , 25 N/P L SR T FARk Y 5 UL R (P<
0.05) , B N/P FAY S5 1 8 & 3 M6 (P<0.05) o 25 e MR Je B AR o HE 5 B bk A 1 5 0 35 TR A 6
KFR(P<0.05) , M-S 84 KRR 2T A R (P<0.01)

3 itig
3.1 OGHRA N P HER XA A TR AR Y R

NP JEAE IR N AT A K03, LA R EL 91 5 e 1 A 0 B4 5% 4 WA R PR R P 465 7 S > A
RUIREMEY) T, N P JC R SZ IR SRS FFR IR N XA A Y N P oy Ak Jey 7= A 5 mg 27
HAFAE Y38 B A A ARG 28 B 25 M D RE BN R A A A7 AR A K 22 53 28 AR5 P B BB R AIG , R4S AR for 45 2%
HHS NP &R, 2 C/N C/P L 3 FEAR, X RO T ARGHINSR 7540, (H 37 43 R HIZ80R A
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Fig.2 Effects of different light and fertilization on biomass accumulation and allocation of S. superba
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Table 3 Correlation coefficients between stoichiometry and growth traits

gt A P o AR Growth traits

Stoichiometry Stoichiometry and

biomass allocation LW SW AGB RW BPP
RC 0.822*" 0.850 " 0.843 " 0.662 " 0.829 "
RN -0.846 " -0.879 " -0.889 " -0.935"" -0.896 "
RP -0.791 " -0.910"" -0.849 " -0.861"" -0.873*"
SC 0.653 " 0.690 " 0.665 " 0.403 0.645 "
SN -0.890 " -0.892*" -0.925"" -0.924 " -0.913*"
SP -0.705 " -0.598 " -0.716*" -0.574"" 0-.592""
LC -0.348 -0.252 -0.342 -0.481" -0.298
LN -0.852"" -0.820"" -0.867 " -0.915*" -0.880""
LP -0.566 " -0.472" -0.618"" -0.520" -0.478*
TC 0.675*" 0.725*" 0.684 " 0.401 0.666 "
TN -0.870*" -0.863 " -0.897 " -.0938 ** -0.904 **
TP -0.836"" -0.828 " -0.879 " -0.824 " -0.832""
RC/N 0.817** 0.818*" 0.853 " 0.959** 0.860 "
RC/P 0.841"" 0.880 " 0.882 " 0.946 " 0.906 **
RN/P 0.623** 0.683 "~ 0.644 " 0.578 ** 0.693 %"
SC/N 0.892*" 0.860 " 0.919** 0.934 " 0.896 "
SC/P 0.804 " 0.676 " 0.818 " 0.644 ™" 0.681 "~
SN/P -0.288 -0.391 -0.339 -0.471" -0.450 "
LC/N 0.775*" 0.707 ** 0.784 " 0.916"" 0.802 "~
LC/P 0.551*" 0.483* 0.597 " 0.473* 0472
LN/P -.653"" -.592** -0.614"" -0.757*" -0.697 **
TC/N 0.823 " 0.786 " 0.846 " 0.948 ** 0.852*"
TC/P 0.863"" 0.824"" 0.899 " 0.840"" 0.832""
TN/P -0.267 -0.308 -0.25 -0.483" -0.371
RSR 0.218 0.247 0.246 0.683 " 0.354"
LBR -0.416"" -0.682"" -0.538 " -0.680 " -0.604 "~
SBR 0.390 " 0.685"" 0.525*" 0.389"" 0.522*"
RBR 0.184 0.212 0.212 0.673 " 0.325"

s il w SR HIFIR 5% 1% K FREER

HEH N/ HAS (LA F T 265 P P A2 0 P B 0 R, 34 BT IR 409 N P 32 BRLIR
BV ST R B AR . AT PR D A BR R N/P I >R > 25 MR 2
i 25, R FVGRE T N/P AR SOHTIE T AR QI /P HA I A 2 B0 A B AT
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