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Abstract; Non-structural carbohydrates ( NSCs) are important energy sources in the process of plant growth and
metabolism. In this paper, we conducted field-based experiment with nitrogen ( N) and phosphorus ( P) addition, to
explore the seasonal changes of leaf NSCs in different forest layers and its response to N and P additions in a secondary
tropical forest in south China. Leaf samples were conducted in January, April, July, and October 2019. The results showed
that; 1) There were significantly interspecific differences on the leaf NSCs. Phosphorus addition had a significant impact on
starch and NSCs contents, and the interactions between species and P addition significantly affected the starch content. 2)
Leaf NSCs of Syzygium bullockii and Uvaria microcarpa were sensitive to N addition, while those of Syzygium leviner and
Carallia brachiate were sensitive to P addition, and N and P co-addition ( +NP) had the best synergistic effect on leaf
NSCs. 3) There were significantly seasonal changes on leaf NSCs, and the interaction between seasons and forest layers
significantly affected soluble sugar and NSCs content. 4) The responses of plants in different forest layers to N and P
addition were different. N and P additions increased the leaf soluble sugar content in the understory and decreased those in
the overstory plants. In dry season, N addition increased the leaf starch contents in the understory and decreased in the
overstory species. However, P addition had the opposite effect. In wet season, N and P additions increased the starch
content of plant leaves in understory and overstory. 5) Leaf NSCs content in overstory was higher than that in understory.
The leaf NSCs content and soluble sugar/starch ratio of understory plants were higher in the dry season than those in wet
season. Therefore, the variation of NSCs in different plant leaves reflects the carbon (C) utilization strategies, and the
change of NSCs content in response to N and P addition can reflect the dynamic changes of C supply and consumption
during the growth and development of tropical forest plants, which provides scientific basis for exploring C utilization

strategies and coexistence mechanisms of plants in secondary tropical forest.

Key Words: non-structural carbohydrates; addition of nitrogen and phosphorus; forest layer; seasonal dynamics; tropical

secondary forest

UEAEAR | Nt FHNE A A A 0k, S BOR AT RN, B e T AR S RGN TR
A AR OCRFE TN, 2030 4 R ERR AR IAE] 105.3 Tg N/a'™ . — I , TR B T 1E R 57
SR R R TR BRI S o A AU A S A P O B R A K R D B 1R - e Ak R A A
A EERE— RIS REC 2NN SRR = RS EUIEX 22— B X i R T R 2k
#]30—50 kg N hm™ a™" @ FIFZMERER . B FHREHME T T m X 35, 3 b B st
1%, Rl ETHR R DRI T 1398 R0l 1) 2 A7 , A R b A0 AR T BRI B A K R B B AR INBR K AL & W 1
J85 R AR

YIS R B 5 AR N BROK AL S PR sh S A b e sg 91 3 B RIS AR KAk & W0 7 A 0 1R Y Y
FAEE R, R 43 R 45 #4 PR 7K A6 B ) (Structural Carbohydrates , SCs ) Fl3E 285 #4 %4 5% 7K 46 & ¥ ( Non-Structural
Carbohydrates , NSCs) 01 ONSCs 3B Al A R TE M ,IETERE L2 L 9y 8 AN ] 10 ff (0, BEE
WAL ) A BRI A RORAS B X H A AE IR B i 1 5 BIFSE 3B NSCs A it AR TR AR KRR 1 S i 5
R ARG 2 B K B IRAEAE B A 2R I Bl . A T 90 % BT I M — B AR 21 3k 31 0
(ELTT EAD S B A A K ZE AT R B i R fE R AR A ) PR 55 28 Ak e UK A0 28 77, FE D RE IR BE g X 158
ARAR A PR ARG A T R R NSCs S S KT RO IR0 AR B [N 2 )
SO EIAE Z I . IR R BV IR RTS8 2 B v o nT A R TE R S NSCs &5 Bl 45 1R
R 38 T ARG O o AR A P 1y R M 5 R B K o 1 1 T BRI, T S i B K S
W A BETE R, R R M BB A R B SR A BRI ARk P R
MAEYIAP] NSCs AYBIFFT 2B H e [R]AR AR 2700 1018 20 DL RTR A 22 45 7 T, 38 5 6 BA Ai IR AR 4
I NSCs % — I IR AR, TR AR — N FRE AR DI R 2806 T NSCs I IF98 1 BRUCK
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FEBARPRIIRAE W 21 e /b, BRSSO FMRZ I 255 . B4, th TRt X AA e ] 2 A+
MRS, P AR R M R AR R PR B R AL 4 5 Y = A AP AE IR e R A 2 VTG SRR 0 BN
SCAT WAL IR 17 9 25 52 AN [RLBRZ AOARL ) A AR LE IR 157 9 2 5 2 48T, A S s 0 A v PR UK AR RO TR b
JEAEYIM 7 NSCs 75 8 IR DRI I e NSCs 1928755 728 10 KXo a0 8 o 1 o o7 L, A B T 1 A A
A RRAAEL X A1 S P 58 28 A TR vog 2R LR ey o R 3 IS AL , TR Al bk A 25 R e 5 23 BRI O AR

1 #MR57FE

11 P IAEO

AT FEREHBLAE TP ERR 2 B /)N B BT o 12 A 25 AR G 8 A BIF ST 3 T4 (21°27749"N, 110°54718"E ), HiAb ™ 2R
BVGRIES, 2 DX R B B R B R, 4 1 23°C DAL AR ROK 3 207 1700—1900 mm , HL T2
B MR (M) SR E 4—9 |, AR RN 75.8% , T2 — B 10 H—RAE 3 H . HHONER A XL
ML L1, 28 ik DA 20 42 60 ARACES , sk A T5 R EHT, L b2 75 1 MOGHR - R N TR - 2R
] YR AR B R AR E AT, ORI MOMORE 2 B R . A (Syzygium levinei ) (AT T ( Carallia
brachiate) FSIHA (Schefflera octophylla) %5 , M 2 W LA RBE B ( Syzygium bullockii) . JUT ( Psychotria rubra) |

# ( Clerodendrum cyrtophyllum) %5 4% ( Uvaria microcarpa ) %5 R 3227

1.2 it

RIS IR H LR T 2009 4F 10 |, 7 e R 52K DX BE AL SO A 5 e e | - SRR R A
FESEIEAR—F 5 XKLL, B XA 4 B 10 mx 10 m BEH7, 20900k 4 FOR TR AR B, 4045 . 1) XFRE(CK)
2) INE(+N,100 kg N hm™ a™) ,3) inf§ (+P,100 kg N hm > a™") ,4) iIN&E#E(+NP,100 kg N hm™> a™' F1 100 kg
N hm™ a™) R — X AAIRIRE ) Z IR 2 m S8R it P LA B B, B B AR A T 20 em, ZUBEWS
PR S 2 IR AT ACFICE . TR AR AR A BAT B m A BRI RE g, BT LR A L
1:1 BRI N . BALIRAKF-Z 25 A M X N TR /KPR 0 L R TR S B A s A7 o T2 i A B
PN BT RE T, BT LR AR LE 121 MACFaS ek . it A3, 47 6 Wk (Malf& 2 A H it H—k) . ERFh b
PP 7 b AR A AR A R AE 30 LK P, DATE 5 X R S 55 S 34 SO B T ARt 36 . X ERE O s
MG A [ 2 A 7K, DAk G Ak L ) PR 471 7K AR Tl s o ) S g 2320271
1.3 M RRESNE

RIS TERE T FEA K 70 H A AT 2100 4 R W kA7 BORE RN 5 | MR el J2 RN T J2 A ) 4% 2 Fil
(F1), T201941H 4 7.7 AH10 A, AEA R b3 FE b BEALIE B8 B BUA R 3—S5 MR EETT R
BRI TRAH 5 S A Y 455 10 0 R B AT B 20—30 R, 7EEF 148 B 43 IR ORE (9 i 3
bR, S50 2 5 T e T 8 2 R ZK R AR, 105°C R F 1 h, AR JE7E 65 CHAAMLT 72 h 2 1H
i, ZJE RBRMAEA K, XS A AT PR A T AR R B TR T 809 Y £ B AR B
VEN FH i AR AR I, Y55 Buysse 4578 (100 7 75 12 , 1) FH AU -G A 19 L €00 35 000 52 T 3 1 R D A %
AL PERK AL G ) (NSC) & 1 rl IR & B S vE ot & 2

F 1 EEHRTEREN 4 FEYHERSE
Table 1 The characteristics of four species in a secondary tropical forest of South China

gL Wt/ iz

A Speci Density Diameter/ Height/ L

ami Species ei m ayer
¥ P /(A hm? ) mm g Y

PEA IR Myrtaceae EER Syzygium levinei 650 141.0 3.43 M=

FaRop it Rhizophoraceae 145 Carallia brachiata 283 228.5 5.33 Mot )=

e ARl Myrtaceae MLETEBE Syzygium bullockii 1400 16.1 0.92 TR

KR Annonaceae 4L E 4% Uvaria microcarpa 300 21.3 1.04 VNS
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A 5 S BT 7E Excel 2016 A1 IBM SPSS 22.0 Hi#E4 7, FIIH ANOVA 4387 Fb A R0 A ) Ak 3 AN
[FERAE R RIAE 0T - NSCs & 1 22 5, % [l — )2 A NSCs % St 76 T 2= AN 2 (0] (1) 22 53 E A T RO X ¢
R, IR P E AR . 255 0 K E R P<0.05,

2 HBROH

2.1 FEYIM A NSCs A 21484k

AWFFE R Y R NSCs & HA BE N 25, HYF 527 0938 BAEH 535 52 w7 o] % 0
MINSCs S (£ 2), ZEMYT F R JEk & NSCs &t — BRI T35 TR g, Bk, B
Ak SRR R AR S R ITE 4 A O3 BB 1) SR8 AT R TE R & B AT
(4 AFT A)BARCE 2) , W\ al s Hom & i B Rk vE R & e 10 A (T2 RAR(E 1 A 2) .,
PRHETERR R BRI 0 NSCs #3880 4 H (W82 SR (& 3) . nli e S ek 19 LU (E AR fh o
52 %%, FRMETERR A T R S VE R ) EUAEAE 1 AR 4 AR A RT 1, SR/ 4 110 A HAL, B
FEFAE 4 AW RTEYENE SIEM A LY N T 1K 4) .

F2 Z=T5(Se) NHH (Sp) MR EMRBEH M FIELEHERBRKL S MBI E R T ESH

Table 2 Two-way ANOVA of season (Se) and species (Sp) on leaf NSC concentrations in a secondary tropical forest

A5 SiiHE Y Yy FAT XY
Variable Value Season Species SexSp
QIRadn i F 8.594 33.415 6.057
Soluble sugar P 0.004 0.000 0.001
TER F 6.526 30.074 0.323
Starch P 0.011 0.000 0.808
|32l e F 18.312 75.380 4.376
NSCs P 0.000 0.000 0.005
Tl TE R F 0.230 8.562 2.040
Soluble sugar/Starch P 0.632 0.000 0.109

NSCs: Non-Structural Carbohydrates

FAck [N FIp [ NP

100 ¢ 100 - s
SRRk Uvaria microcarpa

80 ¢ Caralliabrachiata 80 ¢

60 60

40 | 40 ¢ -
g0 (B Beae OB HH] i i ’ |
g 0 5 E ) o 5 ) % o o ) s g .0 i ) @ﬁ@ﬁ ) )
= 5100 100 g4y
%‘; 80 | 30 | Carallia brachiat

ab &
60 |

60

Soluble sugar concentration/(mg/g)

40 | 40 |

20 | &

20 | £

10H 1H 4
SFAERF ] Sampling time

10H
E1 SEERMYAEEYHFEEESSHNEn
Fig.1 Effects of nitrogen and phosphorus addition on leaf soluble sugar concentrations of different plants

[f]— A 3 PR/ ING R A B ) 25 57 1 35 ( P<0.05) ;NP N P &
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ek [ON BEip  [INp
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o
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120
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40 by
ks Y e

e 4),% -
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B2 \BERmMAEREY RSS20

Fig.2 Effects of nitrogen and phosphorus addition on leaf starch concentrations of different plants

ek [ON FIPp  [INp

200 200
SRR £ER
160 Carallia brachiata 160 Uvaria microcarpa
120 120
3 80
o0 F 80 +
£ T bbb
= 40 + Al -
i S |
@"é 0 %ﬁ@ﬁ N Z-Z
9= 44
Z 2 200 ¢
g Hif
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“ 120 a
b b
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21 % bl
Ll % 1:
l ]
PAEAE o LB 221 5 -:-:
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B3 ‘mBERMAREEMMN 5 NSCs & EH#M

Fig.3 Effects of nitrogen and phosphorus addition on leaf Non-Structural Carbohydrates ( NSCs) concentrations of different plants

2.2 R[EWIFhH R NSCs &% 2 B I 6w o7

FEYIT R NSCs & HEAEAE S RN [B) 25 5 (3 3) o BRERIXT it e al A pEmE U8 0 il NSCs & i BLAT 1 3%
YER, B Fp S It ik R P & 2 A W S HAE T (6 3) o FRMETE AR AN EE R 86 N BRI g 1 4 A
R, AT XS PRI R IR B Ao o AT i TR SE A R NSCs 75 52 ey , SR i Bk
FARCE 1) . +N FI+NP AFEHE T RMEE AR A JE s & i, BL7E 10 A +NP A3 3 T A AL B BR 4
HAF10 A+P Zb¥EJe 7 A +N 4B N P BINFEAR T A2 R e &, +P LUR+NP AbBER 88 hn 1747 i i
VR AR (R 2), NP UINTE 7 A $EmH7E 4 A BRI T RMHEPER NSCs &, N P It m T8 E&M
NSCs Fft, BR 1 HAM, +P BA0 T 4/ NSCs &, 1 H+P AFRAYATHY NSCs SR BF T CK(K 3), A
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Fick CIN  EP 1 NP

8 8
TRMEEBE EEH

@ 6 Carallia brachiata 6 Uvaria microcarpa
8 a
T
5 4 4t
B
E 2 2 &
= | | ; |
= = % R

4l o e e vl ;
2 k2l g ﬁ bl 2 ﬂ
HI]TI:H 0 %!"m‘ Z :-:@iizi-i i & 0 i
& 1A 4f 7H 1
=0 % 81 i
:t’\g Syzygium levinei Carallia brachiat
I 6t 6L
£
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= 2t . &5

: 1
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B4 SEBERMMAEEYM R AREESE/ Y SENRM

Fig.4 Effects of nitrogen and phosphorus addition on leaf soluble sugar/starch ratios of different plants

WEFE R AL ATV PR S T 04 PO A S 3 B IR) 22 57 (3R 3) o F - RIS SR A4 m i PAbie 5 0 o )
FefE s TR ERATT, BT 1,
2.3 OR[FEMRZAEIH e NSCs X ZUBE R I A e 7

MO ZAEYI BT VERE SERY L NSCs S it i TR 2 (£ 4) o ABEASINSE I 1Ak T 2 A8 n]
PR S D T MO E AR TR B (R 4) o AE TR N RN ARBR R TR Z AR M A T
R M +P AR PGERHE R & i, Ho+NP AP 3 T +P AR B +P NP Ab B I T MO R AL T R
i, HAP AP R T +NP AR BE T +N AR B D TOHGER S (R 4) o RIS ARSI TR Z A
MO Y AT &, 7E T2, +NP ARBR AR TR EAEI R NSCs & i 2w T CK FI+P ARBE, X TR
T2 NSCs S AT 005 T 3e by & i RIS DU AL . X TAK T JZAEH , RN 0 2 i s Ve -5
VERY B LUABRAEARG , (EAE T2+ P AR BRI LU, X T2 ), 7613+ N AR BT+ NP Ab 31238 hiAE 4y
AT PR S VER 19 LM, HLANP 2B 8 25 T CK F+P Ab3 (HFEIRZE, +P AL Z 340 1 ka4 0ol v
PR TE Ry B LU AEL, 1T +NP b P GARG L (R0 HL 2R T oAl 3 Rk PR ( 4)

R3 RRMN) BERM(P) FF(S) MAFREMEMH FEFAEBRKUENZMN=ZEERHFESF

Table 3 Three-way ANOVA of nitrogen (N), phosphorus (P) and species (Sp) on leaf NSCs concentrations in a secondary tropical forest

5 b SiiHE A BRI WrFh R AxWFh Bl Fh R X
Variable Value N P Sp NxP NxSp PxSp NxPxSp
CipZiai F 0.794 0.026 29.531 0.094 1.415 0.397 0.206
Soluble sugar P 0.374 0.871 0.000 0.759 0.239 0.756 0.892
TE# F 0.085 6.046 31.779 0.329 1.235 4.822 0.786
Starch P 0.771 0.015 0.000 0.567 0.298 0.003 0.503
e[Sy il 3 S ] F 0.168 4.439 70.064 0.058 2.404 2.446 0.661
NSCs P 0.682 0.036 0.000 0.809 0.068 0.065 0.577
YR TE R F 1.236 0.156 8.295 0.365 1.049 0.626 0.647
Soluble sugar/Starch P 0.267 0.693 0.000 0.546 0.372 0.599 0.586
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F4 FENTANAEREEWH FIESEEBRKUSYWHZIE

Table 4 Effects of seasonal variation on leaf NSCs concentrations of different forest layers

A hE = Aib B NI VN . P
Variable Season Treatment Understory/ (mg/g) Overstory/ ( mg/g)
AR T X} 8 CK 29.9+1.72b 41.99+3.01a -3.131 0.007
Soluble sugar A +N 31.77+1.72 38.29+4.39 -1.279 0.222
Jinwg+p 31.96+1.89 38.88+4.31 -1.332 0.206
TN +NP 33.59+2.38 39.38+3.75 -1.229 0.243
s XT AR CK 21.94+2.46b 40.79+3.78a -4.022 0.001
FA+N 22.16+2.62 40.63+3.85 -3.470 0.005
Jnwk+p 24.14+2.48b 47.67+6.24a -3.919 0.002
T +NP 22.99+2.72b 34.35+3.53a -2.642 0.019
TER T Xf & CK 17.78+1.64ABb 27.22+2.06ABa -3.930 0.001
Sarch JAE+N 19.8+1.64AB 22.3+2.04AB -1.373 0.191
Jnwk+p 16.98+2.81B 36.38+7.12A -2.455 0.029
T +NP 23.712.72A 31.7+13.32B -0.554 0.590
TS XTHR CK 13.32+0.64b 21.09+2.71a -3.190 0.007
Jn%E+N 14.24x0.74 21.78+2.83 -2.493 0.028
Jnwgk+p 14.65+1.08 23.92+5.92 -1.765 0.105
TN +NP 15.83+1.57b 31.85+4.64a -3.344 0.005
|3yl S R T X} CK 47.75+2.74Bb 69.21+3.88a -3.739 0.002
NSCs JIAE+N 51.57+2.69AB 60.59+4.44 -1.728 0.106
Jnwgk+p 48.94+3.68Bb 75.26+8.22a -2.478 0.028
JN+NP 57.29+4.21A 71.08+12.64 -0.939 0.366
TS X8 CK 35.37+2.35b 62.08+5.75a -4.061 0.001
TNz +N 36.35+3.03b 62.41£5.76a -3.591 0.004
Jinwgh+p 38.78+2.3b 71.59+7.61a —4.647 0.001
TN +NP 38.83+3.57b 66.2+7.23a -3.575 0.003
R TE R T X} IR CK 1.88+0.78 1.79+0.26B 0.501 0.623
Sugar/Starch JNZ+N 1.76+0.16 1.98+0.27AB -0.794 0.440
Inwk+p 2.55+0.44a 1.42+0.19Bb 2.800 0.015
TN +NP 1.64+0.19b 2.62+0.35Aa -2.301 0.007
Tk Xt & CK 1.75+0.26 2.29+0.35A -2.333 0.035
JNZE+N 1.55£0.18 2.13+0.25A -1.781 0.100
Jnwg+p 1.75+0.23 2.88+0.61A -2.116 0.058
H%+NP 1.560.2 1.3420.17B 0.839 0.416

REFHEFR AR A R Z A B ;NG FREFR R T A R A2 A B9 52 ( P<0.05)

FHN  ANRIBRIZ BIAE I R NSCs A7 W28 B9 2= PEAE Ak, H 2275 56K 18] A9 52 B AR 35 5 Wi A g 1
Fr AT PERERT NSCs & HAT (K 5) . MOTJEHEYIM A NSCs 35 A1 TERE-S FER 9 LU R BN 30
THRZ MO JZ AP TE R A NSCs 5t R B[R], ]y Vb & 5 Al i PR S 0k B9 U E R B2 R T 1
F(K4),

K5 FF (Se) MHE (L) MAFREREYIHIEEHEBKELEYEMPINEZFESHT

Table 5 Two-way ANOVA of season (Se) and layer (1) on leaf NSC concentrations in a secondary tropical forest

A5 Variable %511 Value Z=45 Season NES Layer ZAXHRJZE SexL.
QIREdn i F 7.152 57.245 10.751
Soluble sugar P 0.008 0.000 0.001
TER F 4.964 23.137 0.024
Starch P 0.027 0.000 0.877
egE KIS F 11.507 71.092 4.612
NSC P 0.001 0.000 0.033
Al TE R F 0.236 2.040 3.292
Soluble sugar/Starch P 0.628 0.155 0.071
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3.1 FAEREY I R NSCs 25 5t Y 52

TRIIFE Y i NSCs (1925 8 A2 AR AR BRACHT L R Beilt . AR N NSCs 78 188K 73 A2 fh i (1 R
FETHARRCI TP R R 0 AR K g™ RIS & B2 2 B G R ZE M T e NSCs B 6
DITEDFE R, Z3d o TR A 0 T O (Y Rl o S A A P NSCs 19 2 1 PEZE A /Nl 8 A i 0 i
A NSCs fif # 65 T- F A IR RLAS TR, NSCs 2 S HERS AT TS W (935 0 Y, A5 oh #4) NSCs 7E 4 H
b T RARIK A X AT RESE B T 7 iE AL TR W T R E R AR, B LA — B BeiE i NSCs & 2 BUIK
W S A R o AP IS 2 B, R A TR 0 DA B TV R TR A NSCs R AL
GeNg AR A T AR HE R AR R M S S e R i R R A K A v
i, Song 2l % B8, B AT ( Phyllostachys heterocycla ) W NSCs 1) e A% (. H PR AE B 4% 1 B ik A K300, i
Hoch %V BB H NSCs 1A KA & S fe i, MG 2 FRERAAE 10 AVEM TSR, T WA R A 76 T kL )
X NSCs PUFI SRS AP (e 2 2 51

TIH AT R I, B AR ARFE I i NSCs PRUMRZAS 6] %8 2= 745 28 4k 0w 3 AN [6] . AR 2 AR
NSCs & 2 Fl Al i VENE S5 vk 1Y LU 3R I T 28 TR 3=, BF9E 3R I, A i xS Pk g LG HT
FI A IS SRS Y R R NSCs A6 AL SR AR, S BUE KRB AERESE I R JE BB L Wiirth
SV o R AT TT K B, H A NSCs R RB N T 201 ki TR 2 R A T 2R H TR K,
Liu 255 it 2, T RS2 1L B ( Fagus sylvatica ) I F NSCs W BEREIN A= K BOR TR, A
WF9E R MG ZAE Y Ve R F NSCs & iR BN TR TR 2, X RFER U T 2 ia THY M ERKZ
B, BLER T KA NSCs, RS H S B00E b 18 BRI AREE S22 mT VA M A o AN T I M 5 T B 1Y) He
ERINIR R T T3 X AT RE R i T 4 1R Z= R I, K 7352 T T 54 S A 00 53 53 0 SRR T, AT 71 1
A VERITRA G K i 1 AT VA ML 25 RE B I 2R AT 2l RTMCT 2 A b T BRAACHIS P 2o 85, TR /K e AR
SRR, S EOK T Z AR B 7K 533 R, B 237t 2R 17K 3 REAR T R R P i e ml s Ems = AR 1Y
M HA PR, AR R A R il ATE #1225 S A — e FEEE B RE S Sz b ) A RS A 1Y 2R
KIE FT R AT 3R] eI AR ) (10 H A B BRI 1938 7 1 126 H 1 SR
3.2 ABEES A R PR - NSCs #5200

PSR G D R E TR AU Y - NSCs & A7 AE B ARl 22 50 0 )y 74 0 SR gy 3R W, )
TR AR W) 22 R Ve 22 S 252 ) NSCs & BB EZ N R Z —, AU R, MY 7w NSCs A7 75 i 3 1 Ffi ]
25 X HHRMIR AR 2, AREEYERMEFTNHEEEIFRITR, RO RY], BB HEEAS £ R
NS I8y o Ry A B, AT NS el Ry (AN (] A PR AN [R) 0 Ao N AR R0 TG DA R B 11 22 5
WEFE R, N BN — M e e R A A K0 R e A R A — 8 4R THVE F, TRT s AT D4R s HL A p ek
fearpyr i HEMZ A NSCs BUBLR o (E7ER N A0F T, Xk N BUsE w5 A6 5 1 AT RE B
il ARHEE H N I — i R LA T R T AR AN T AT A NSCs i, (HRR AR T A AT A TR
PR RITE A S i, U6 TR AR FIVE AT N Wi R AF 76 i A 25 5 R AR R B N U T L3 in ok i g0
( Fraxinus mandshurica) " R A PERERTGEAS & i 10 £ 34 IRIE N BSINEEAR T K4S (Stipa grandis) F17F
¥ (Leymus chinensis ) My BRIV M b & i, HoAAHE 52 0 &K B = 42 ((Picea asperata) B TE A3 S 10 R Z0HS NG Dk
AU AR IR A A S 2 R U TR Y NSCs X IR AN 4 i Ry 2 S 1 R SR

AWEFEH AT I TR VE R AN NSCs s Xt PO ay e B O U IR AR, P R E R
SRZ AT OCE A A A BRI G SR R -0 RS P AL BRAR BR A0 38 i, Al A 7 4k 22l PESA A Bk
K, MR IR PR o AME PO IN S R A R A T RO A 3R i, DA AR 0
e A R e S i — A AL AR Y NSCs S fL . 5300, WIRIAOR F , Z s ds s 4 i A
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NSCs A AR AT (5 N P S RAIA R TR iR Ar X B N R P A S (Rt fin 22 i 1 1398 £ Ul K
il 2 T A A KON TS p B IR DR T SE T AR K AR G W Y S R, E T I A NSCs A e Y
Z A AT LB 2400 N 23 Be 25 i R i LG ot s 1, O 22 13 PR, SRS T 80—/ N B p s
hn, 3% 5 Z BRI ( Cinnamomum camphora ) ™) Je K75 ( Clerodendrum cyrtophyllum) "»" BIWF5T 45 e —%k

TIAI, AR R 4 T VA AR S Ve LU A HL R T 1, SRR 5 NSCs (19 LU R TIE#S
X 5 AR XA NSCs B i LAVERS hy E MR oE 4510 A Y 5 0 TR A 0 0 2E RORmEARL ™, AT RE
PR Ay g Ao el e DX A 5 BB 22 B DE R AR RS TR (IR PR 8 IR W O AR BRTE 8, 5 ZAH LG AT 5 X3
AR R i AT AN TR BT I 2 A TE A R I R E IR | TR e e Ak n] B AT A nT VA PR , T LA
(A B A A K PP B G b R R SR R
3.3 ABRAIN AR Z AP R NSCs HYFZ0

AR I, MR 7 NSCs & i — e TAK T2 302 R s RIS ARLE THOETIUZ |, 4R )
JERETE £ LA A R TR Y A BRI S B TE 2 B AR)Z B A RRAIR, o't FER B B R AR, AR A
JEBHIE N, MR JZAE YA RE RN RN A FRAOGRE , IFRR T AR ZAEYOC SR 4, S ERT JZ Y
Fi NSCs & B, 380 T A 3G sm A B 5887, 8 58 2 A8 F LA 1, AT 3145 BE 22 i A= A7 BT R A
2 AT T PR RD L PR ARG T NSCs it AT i MR 2 A A 4 fih 21
JEHCATER , B 22 I B A, {2 NSCs & B AR, SRTIAFE A RIFA—50, X ] REJe th TAHESE B Pty
AR A v C R 5 8 oAbl it BA PR Y 22 5 0T A R LIS BUNSCs & BRyZ2E SR . nlis vl S TEk iy
PO S T AB ) B FH SR AS IS bR J2 9 R PR W 5 T b 1 LR/ D TMOEJZ | 53X 0] BB %2 W Fioks
S B TR BB S A A7, LR R 1 BT, 22 LAAE A5 v A s ™

ARWFFEH A FEIARIZAEP A NSCs & XS N P ESIIAY M N AN ] KR JZ A0 N B 0w 1 55 o SUR% bk
TR P ESINECHBURE . AFEARZAE I iy TR 5 TE R Y FE X NP S i B B A [, X3
AT ZHEY) , BBEASINBEAR T Al Vs 5 0E R 10 LB, (B7E T 2= +P AL IRER & AR T 2 AEY) nT VA TEbE 5 Tk 1
FUAEL, AT REJE PR i AR AR L S W AT ROPE A, AN SE T8 R 1Y P3R5 A & R St ] i M 1 20 2% T A PR
gy, TR S VER I LR Z T . X TS E A, 76T 2= N SN BnAE P vl i AR S ek U e, (3
TENRZE P AN 2 0G0 1A (0 TV PR 5 VA A0 LU (B, BERHOK 315 P S IR AE ) T 3 M 5 DA 1Y LU
AR ERSZEAE KA AR & 0 E S5 e D | AR A A XA ) AR A 2 R
W BAR NP IR BRIE NSCs 2 S0 B 262 EEIE k526 R B 4% Ph X EL B R T 22000, FL
MRIZAS[RIOC AR 60 A B 22 St 2 S BUR R AR Z A NSCs 2B 22—,

4 #ig

AT LB, Pli BRI A NSCs BA 38 (19 1Y S A8 AR AR AR, [R] A7 75 0 38 i b ] 22 5%, A
(B9 X AR T e 17 ) SRR BE A7 A 28 S, AR T2 AEL D) SRS SR T 58 2000 N 9 00 ) e 17 Ay BB, T A
JEAEY A AR PSS B MO SZ AT B RTVA PERE JERS LA NSCs S RS TR
T3HN AN TRIARZAB 0] 21 AL A B i 3 AN ], MRS T P 5 B O 2 v T 2 AR JZ A NSCs 75 5
RN 2 3w TR, ARWEFE R A BT AL 4 A R BRI e AR N BRI JH SR, 5 T [ 2 A
FREE RV KA 5 0 235 A A RO U N N B8 e 17, B A AL T3 7 20— PR A BRI ST
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