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Abstract: [ Objective | Cyphomandra betacea Sendt. is an economic and landscape tree species with orna-
mental , green and edible values.This study aims to study the growth, biomass and nitrogen allocation of Cypho-
mandra betacea Sendt. seedlings in response to light and nitrogen and their survival strategies under different
light conditions , thus providing a theoretical basis for its application in garden and understory planting.[ Meth-
ods | A two—factor crossover experimental design with four different light intensities (100%, 75%, 52.8% , 30%
NR, NR as natural light) and three nitrogen addition levels (0,3, 6 g/plant)was used to observe the growth and
developmental morphological parameters of Cyphomandra betacea Sendt. seedlings and to analyze the biomass
and nitrogen accumulation and distribution patterns.[ Results | (1)Light and nitrogen addition had significant ef-
fects (P<0.05) on the morphology , biomass and nitrogen storage of Cyphomandra betacea Sendt. seedlings; (2)T
The total growth of tree tomato seedlings, leaf and stem biomass and leaf N accumulation basically increased
and then decreased with decreasing light intensity , with the maximum at 52.8% NR, the total growth of ground
diameter gradually decreased, the N accumulation of stems and coarse roots significantly decreased under heavy
shade, and the N accumulation of fine roots gradually decreased ; (3)the morphological indexes, biomass, stem,
and leaf nitrogen storage of Cyphomandra betacea Sendt. seedlings increased and then decreased with increas-
ing nitrogen addition , reaching the maximum at 3 g/plant; (4) Under different light and nitrogen additions , there
was a trade—off between above—ground and below—ground components of nitrogen allocation in Cyphomandra
betacea Sendt. seedlings, with the addition of nitrogen fertilizer favoring nitrogen allocation to stems and thick
roots of Cyphomandra betacea Sendt. seedlings, and shade favoring nitrogen allocation to leaves. (5) The re-
sults of the integrated analysis of the affiliation function showed that the T3N3 (52.8% NR, 3 g/plant) treat-
ment had the largest affiliation value, and the Cyphomandra betacea Sendt. seedlings grew better under this
treatment. [ Conclusion | Cyphomandra betacea Sendt. seedlings showed some shade tolerance, and under
shade, Cyphomandra betacea Sendt. seedlings enhanced longitudinal growth, reduced lateral growth, and
showed a “thin and tall” morphology.In addition, they were adapted to low light conditions by increasing invest-
ment in above—ground biomass (leaves, stems) and reducing investment in below—ground (root ) biomass, and by
improving nitrogen fixation and nitrogen assimilation in the leaves.In conclusion, appropriate semi—shade envi-
ronment and nitrogen addition can be selected for outdoor cultivation, forest extension planting and garden ap-
plication, with 50% shade intensity and 3 g/plant of nitrogen addition being more appropriate.
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Fig.1  Effects of light and nitrogen application on seedling height and total diameter of C. betacea seeding
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Fig.3 Effects of light and nitrogen application on biomass ratio of C. betacea
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Tab.1 Nitrogen distribution pattern of C. befacea seedling under light and exogenous nitrogen addition

Ho L AF 53 S/ % Ho A5 IS/ %
by Above-ground component allocation Underground component allocation
Treatment i S o I AU AR T
Leaf Stems On the ground Thick root Fine root Underground
TINO 39.40 29.43 68.83 15.21 15.95 31.17
TIN3 36.85 37.12 73.96 14.26 11.78 26.04
TIN6 36.21 21.06 57.27 27.95 14.79 42.73
T2NO 54.41 22.30 76.71 11.75 11.54 23.29
T2N3 49.07 18.99 68.07 23.70 8.23 31.93
T2N6 43.42 27.95 71.37 19.21 9.42 28.63
T3NO 61.84 15.11 76.95 15.01 8.03 23.05
T3N3 54.51 18.31 72.82 19.84 7.34 27.18
T3N6 31.71 39.69 71.41 20.92 7.68 28.59
T4NO 62.05 19.45 81.50 10.74 7.76 18.50
T4N3 55.80 23.40 79.21 9.97 10.83 20.79
T4N6 50.50 24.21 74.71 21.85 3.44 25.29
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EPU (1> B (H>0.6) . H P (0.6>R & H>0.4) P AL(0.4>RE(H>0.2) APLH (RJE(EH<0.2) . H
Fe 20, B AN -2 S R R A(E R 0.473 7, & T T A T ik < v X IR B AT et 103 B e T B
PEo TSR R sRBUSTN 25 VTN M T, W03 0 4l 1 %) B R {EL S T3N3 A, i GRS E T 328 0 T AR 1) 25
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Tab.2 Membership function evaluation of light and exogenous nitrogen
addition on growth indexes of C. betacea seedling

R AR bR AbFH Treatment
Growth indexes TINO TIN3 TIN6  T2NO T2N3  T2N6 T3NO T3N3 T3N6 T4NO T4N3  T4N6
Az A K

0.0000 1.0000 0.8168 0.0119 0.8991 0.8599 0.0451 0.7594 0.7096 0.0025 0.5763 0.627 2

Total ground diameter growth
Wi aAE R A

Total plant height growth

0.0000 0.7555 0.6632 0.0042 0.7773 0.7509 0.0456 1.0000 0.8123 0.0183 0.6743 0.489 2

WAy L

0.0213 0.8707 0.7102 0.0481 0.6878 0.6593 0.0117 1.0000 0.5762 0.0000 0.5586 0.1475
Leaf biomass ratio
YR

0.0000 0.6127 0.6452 0.0373 0.8396 0.8171 0.0387 1.0000 0.8342 0.0444 0.5461 0.4556
Stem biomass ratio
AR AP L

0.0000 0.8272 0.7838 0.0317 09162 0.8884 0.0296 1.0000 0.7816 0.0189 0.476 6 0.400 4
Coarse root biomass ratio
AR A=Wt L

0.0000 0.6599 0.6757 0.0361 0.8565 0.8328 0.0367 1.0000 0.8226 0.0388 0.5308 0.443 4
Fine root biomass ratio
AP

0.0000 0.5363 04673 0.1023 0.7026 0.6353 0.0644 1.0000 0.3681 0.0886 0.7134 0.4936
Leaf nitrogen reserves
ZEAMEA

0.0269 1.0000 04780 0.0678 0.4586 0.7274 0.0000 0.5649 0.9029 0.0317 0.5108 0.4028
Stem nitrogen reserves
HAMRARER

0.0000 0.5535 1.0000 0.0325 09111 0.7573 0.0191 0.9941 0.7000 0.0051 0.297 1 0.5640
Crude root nitrogen storage
R AR R

0.0421 0.8735 1.0000 0.0928 0.5603 0.6798 0.0000 0.6327 0.4415 0.0111 0.6811 0.1035
Fine root nitrogen storage
RS R R AU
Averag emembership 0.0090 0.7689 0.7240 0.0465 0.7609 0.7608 0.0291 0.8951 0.6949 0.0259 0.5565 0.4127
function value
HE4 Rank 12 2 5 9 3 4 10 1 6 11 7 8

AJ \A
3 T i

31 XBERIRRMAHEMLE LK

6 BRI AR ) A A i BE Rl 250 O I S USRS s A R AE KR B o B e AR R A AR K
e BE AR AT SRR, RE 8 WL S i AT ) FE A (R DG IR B A58 I SR ™ B9 & BR, — STt [ Al ) 78
S9OCEREE T AEAE ok 5 N AR A K A X SRR 4R B A AT A AT DR AR I 1 A= A T
N ARG BE G IR U5 AR R 0 e S R S A S RN S e B R e b AR ) i D B iR
JEE ) U6k 5553 17T 8 T sk /0N L 4 T A SR B AR YRR E X 5 ) RO PN 9% BE ] (Alhagi sparsifolia
Shap ) iff 5% 45 5L AR ], 17 XB i S5E209F 58 & B, v 45 5 B G [ A B, 4R (Phoebe zhennan ) FEL PR T /5 L Hi
B TG 5 AT 45 S m A AN TR] i R AT RS2 AR = — 12 A R T AR 2 it 2 A
R, S B 5 A8 2 Al 4 1A T AR B 22 (YOG RE 8 ek 1 e 5 Ak T A DT SO T 22O e 1 A
BRI ] bsf 2 b A28 A= A T 5 8 1 e B ok 35 1 55 D PR . A, E R I I] (309 NR ) T 4% 2 Al 4 i
B A A 2 B 300 BH I IR 55 MR A 0 40 1 0 e R IR X iR AR R 3 I 58 G PR
X 5 B AR A AR SR 45 AR R, KA S (Physocarpus amurensis) § 1 7E 60% 26 T2 dE T & A K,
20% 26 G TR AR

Ao B EACR Z—, 2 S E R R B RE , SE A aris 3 AT, 3 gk
6 o/ PR it 250 Ak BT A 2 a0 )y B A R AR A R T I AR TS AL B, 2 B EUR A0S T LU SRR 2 A
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ERAER KT o MO, Bl it 0 BI04 B AR AR K S B S s e
5 3 /it AL BT A7 B, U B R 35 700 40 v 0 BUR i R A T M 3, R AR 5ok —E 1
(B, A 3 (Y B AN R T AR G 3 5 TE R S50 R S R 9 235 R AR R, 1 85 1) RUNE it ] 2 0 A=
A B B 2ot v A BUIE B S i il R B2 A 4
32 ABERRRMOHMEMPYBEENERRS SENZ M

A= ) Sy e AR Jr A8 A0 R A P 3 1 BB A AL i R AR AHIESE b, BEOYG BB P R 55 , B
HA A YR e R R B 3K 3 g AL T AR A ) e U S )RR A ) T
JEIEE BT 35 A, A AL 3R W T 3 A Al U Y R AR TR A AT B R (2R
YR BR S TORAR AN AR AE i ) B X 5 gk R SRR BE (Phellodendron amurense ) [
FEAE AR 3 2 B AL 7 R A e i SRR, T R R O I 0 2 7 A BT A VR S R
AR N 1 P R AEPTE A (Firmiana simplex ) 201 V8 FAF 58 A 000 & B, 75% 3 B RE A R i
HEHAEY) R R R 5SS AR, S5 AT RE 2 R AE ) AT RS W] AROR 2R ) b 15 Y A8
RS HOGE 7 ) oy BCAEAS [F PR8I R 8, B s S i AR 282 i Y WRSR R W) T B AR A
BAFRREOLT | BRI 2h B AR EE R 2Ok A THUN |, I Al i A= 9 5 22 3 0 0 T 3 R4
DL T 2K 73 AR 0 W M, FE G B AR F R 22 O I 0L T L O 1 3R 2 R BH AR A3 RE L D65 7 )
Z M T3 B i ARG, JE R I R A W R ARSI ASBIESE e B, 3 BT B RN 1A R i 4l
0T AR B 4 E LB, 1S KT X 25 A 3 E LB TG P R DR AR 1) 4 E L A8 RS B o 10 B A B
Jo A B A A TE 2 AR R AR B 2R b IR ) A K TSR RO BB, 550G T R B A4
B AR A 09 F2 2T U R T U 2R AN AR AR TR/ PRIt DA 20 R 0 R A A A 3k 5 AR TRAER X R
BRAGBI 5T 45 SR A0 A .

AR REY AR LT IS EEOT R LT o R TEAY A AriG 2 b i A B2, 3750 7R
X B A 8 5 e T LG 2ok A ) R AR AR B it R 3G AR 2 A 4 A A A R
TR 5 1, i AR A= i Lo/, 2R AR W L3 n . 4 B SESORIE 98 A B, 26 [ I A% Bk ( Carya illi-
noensis ) 41 v 1Y) A= 1) 125 A A it 280 B ) 38 00 52 Se 88 0 D80, ARG ARV R A ( Phoebe bournei) 8] Hi AT Y 4
B, aat ey A A A R R0 RS R T i R A K, Bl 9 IR U R A AU 2 B A A ) i ) AR X R B
N AR B0, BE S 1L AN A0 A B ARG, TG N A= 9 g B R | RUER a2 o A ) o
)R
33 ABRERZAFMMMEMYERRRS BRI

FEIXF 3553 B WAL 53 C R R FH R A FE A IR DG PR 1438 17 e 0 AR 1A B, A S e 1 A ) 5 R 5 1)
AHEAE IR SR, T8, A ) H 320 AR KRR AR 2 B A, T 1] R EEER 7 45 AR AT g2 iy U
THYERRIE ARSI A, DA AR S RS v (19 33 1 FISE S RE 1 ARBIESE oy, Bl O B B2 et 55
WA N RS EE, 2E N R & DL SGHARTE R B b BE B R A2 A0 B I, R B
D) g 2R R, AR N B R B X R W AR TR A A R AR I T AR N LR,
X5 P T R AE I ST 45 AR, S BAREIN T P (Paeonia ostii) 25 WP N LR . AN, RWF5E A K&
B, BEAE OGRS B A O B A A AR AR 5 TN AR BT BCAFTEAUT G, A A AT N )
SRR R AT BB S WA R N a3 e . DA FE DGR TS A RYTE LT B 30 4 R N 22 1 T
FIZEFNANAR v, T ARG B 58 I D) 32 B 0RO A B T N AR L, LR R A R DA VR
PR B s R A B TS o D s R A5 A JEE [T A R N B 22 1 3 O 45 25 4B ET A (Mediicago sativa ) 1Y
M B ER A SASHEIEAE RAREL

B AE BE 2 25 2 = 4 v A B R SR 0 AR IO M A 1 Vi R I AR KR M A TSR L
"B A il A R TR A 3R 43 A Wi, G B it R T B e A /N IR RURE ) AR i RN A T
PRXS BRI A S I, B i i RN, AN A i A A B A R AR EE TR RE, UL
T YRR IS0, AR TR R TR R A 4 R SR AR 3 22 T ET R AR A A R 40 AR Ak
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1L U O N N RS U VIR | e i A L - = s LT B B2 b N S - D
HEB AR T Z2 09 N [n] 200, A R A AR RO A AR T AR T IR Z 6671 AR BE Y
HRET X5 EFEREPNT AR (Phoebe sheareri) BIRFFT 45 5 — 3
34 REWBHEREERESW

I AT S SR A K AN (R P58 o7 285 17 7 A AN ) e BUARR IR ] S 8 5 nT DL X0 e A 4 % B4
BeARRIE I AE S K/ aRH B S 9T e B | 48250 2% (Ageratina adenophora) 11 fm 25 A2 ) 55
& bR T SRR HICRE T, 156 B G 2 3 o R A AR AR L R A ) R R 3 R ) S [R] 1 SR8
AHIRGEH BT A AT AR AR AR R T PR R R i, R AR A AR K AR R DR AR
ARk, F BRI A B A R R SR e ke o S SRR AR Ak

P S5 @ oR B 25 S VT BT 3 A7 20 W) 2 T3N3 (52.8%NR, 3 ¢/Fk ) >STIN3 (100%NR, 3 g/kk ) >T2N3
(75%NR,3 g/t , U BAR Z5 0 7F 52.8%NR UL A8 R 414 A4 K, HLAT B3 1 i [ 1 , S5 (S5 1K 1 2 AN S
ANHEFFTCTINO ), 35 FH 32k J82 88 B R ek T I X5 XA 2 i 2B AN ] o 48 28 6 4 i A i B AL, 28 i 2 Ak
SRR AT b A B el AR, P P 6 456 4 19 0 BRI B (52.8 %N R) At i 2008 (3 o/ ) , BB AUAE it
WEMDEERKEE .

4 & it

g Tt e SR — R TR P B BARR T A T i 4l v s A 1) A A D R ) AR S, SR B A R IR
Ao BEAh, 3ok s b (25 ) AR Wi (BT S/ xR R 2 (R R ) A= Wy i 3 TR 58 LA
Lt B B A A L RE T R IE BADEI T . BRI OLT A A KA C IR SR A 2, 36 52 3]
ZRIREE R AR, ELAE 2R e B, JGERAN R 00 3 45 B I R A A, AR A AE RN T T R A
KSR TEN TR SR RE S . IR, 5 5 I R AN 2 YO B A 2O 6 IR R S5 3R 1 XY
T e SIS
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