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Characteristics of photosynthesis and spectral reflectance in Betula platyphylla

from different altitudes transplanted to the same habit on the Changbai Mountain
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Abstract: Environment is one of the main factors which influences the physiological characters. By changing the growing
environment of plants to study the change of plant physiological characters is the hotpot of physiological ecological research,
while high altitude areas with vary environments provide a good condition for the study of species to adapt to new
environments. This research compared the light response parameters, spectral reflectance, and spectral reflectance indices of
three Betula platyphylla seedlings from different altitude and a single common altitude on the Changbai Mountain by means

of transplanting ages from 3 to 5 years of Betula platyphylla seedlings from altitudes of 750 m,1200 m and 1400 m to the
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same altitude of 750 m to analyze the differences and similarities of physiological and ecological characteristics between the
initial stage and 1 year after transplantation, and to explore the adaption of Betula platyphylla seedlings to the new
environment. The research showed that by comparing the physiological characters among different sources of elevation of
Betula platyphylla transplanting seedlings as well as wild Betula platyphylla seedlings of the original elevation, the
physiological traits of different Betula platyphylla seedlings including net photosynthetic rate (A, ), stomatal conductance
(G,), and intercellular CO, concentration ( C,) were significantly different( P<0.05) and spectral reflectance index were
also significant difference( P<0.05) in the early of transplantation. After a growing season, the physiological traits between
Betula platyphylla seedlings from different altitudes and Betula platyphylla seedlings from situ altitude of 750 m were not
significant difference (P>0.05), as well the spectral reflectance index ( P>0.05), but the physiological traits between
Betula platyphylla seedlings from different altitudes and Betula platyphylla seedlings from situ altitude of 1200 m and 1400
m were significant difference (P<0.05) , Similarly, there were no significant differences in spectral reflectance index( P<0.
05) .The research shows that various physiological indicators of Betula platyphylla seedlings had changed due to the change
of environment, but seedlings still retained the original physiological characteristics of the situ wild Betula platyphylla
seedlings in the early of transplanting; After a growing season, the transplanting Betula platyphylla seedlings gradually
adopt to the new environment and the related physiological characters has changed, which means the physiological
characters of the transplanting Betula platyphylla seedlings have convergence with the wild Betula platyphylla seedlings. By
comparing the change of physiological characters before and after the growing seasons, The research shows that as a pioneer
plant, when Betula platyphylla seedlings transplant to new environment, they are highly adaptive to their environment,
which means they can adjust the physiological characters to adapt to the new environment. The significance of this study is to

provide reference significance for succession of seedlings and forest regeneration.
Key Words: elevation; Betula platyphylla seedling; physiological trait; transplantation
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KB PR L, B m R W, A FGRAD W, 4 5.5°C, H 3R B 5 IK-13.7°C , it & 20.4C,
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Fig.1 The average temperature and relative humidity from May 2016 to May 2017 of Changbai mountain
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S LR AE AR ) Pl (T4 750 m) (WEAS 747 AR (TR 1200 m) , XUH I8 LR (4K 1400 m) 54k ik
B9 BR 3—5 4FLERR (32.546.2) om , FEAE(3.1+0.4) mm FHEL 1 (MRS TR LR 200 i Bk 3 e 4 i
BH BM BL) , 4l A= (g e, JCI A (1) o SIBCRIZ A 3 MBI, RAZJF B EAR 20 em 193
Febkrh A IR B TR R R IO S R BHEAR 750 m B9 FERRE B (A AR AR S R G RE v (K 750
m,42°24'2"N,128°6'29"E ) 3 AR T EA TS T AR B, FRL A e — UK, DRAES i AN R KZE 1S

GEHi— RS BT R BB SO TE R E AL AR R JTRE 3 B 1.5 m x 1.5 m BY/NREDT BEAAE D
FEARA [RIVER SR A TR A FIAERI P, 4 1 22 TR A A 1] B > 0K, o Jo] — R B o T3 PR 2 o, 8 Sl B S A 8 /A
[A], [RIETESS N30 10 R AR K IR BEAR LAY B A= AR S 25 X IR (CK) o SEd sl bR A 3222 53 4k
( Quercus mongolica Fisch.ex Ledeb) | 111#5 ( Pobulus davidiana) 75 ¥ W% ( Acer tegmentosum Maxim.) {4 (Acer
mono Maxim. ) FIEEH% ( Tilia amurensis Rupr.) ,A8FEE 0.59, FEARWIM (T, ) W& 4 WA R AR, &0t — A K
FJ5 (T,) T 2017 4F 6 A F R T4 U4 BHEARINE

F1 BESEH HIESRRREERE
Table 1 Altitude,latitude,longitude and the community of sample plot

MR Altitude/m £ Latitude(N) 2% Longitude(E) BEYE 2T Community type
750 42°24'00" 128°06'37" [ RAR A
1200 42°09'45" 128°11'13" (el A A ] R Ay 7 SR X
1400 42°06'01" 128°13'18" BT bk

1.2.2 ARSI AL B G R

AAHFEAL ] Unispec-SC OGIEAL (& [E PPS 24 w] ) M i o ii S S 238 I s i KT DGR 1 E S 100%
FABFEIR 4 ms, EEHERECH 3 W, e BBk Sk i R 60° M, B 10 /A S —k, ik
BRI HROR IR FIMERS R 401 v PN BT A G 3 Ak RERRIE I 10 5 B fgERR A i B4 7 o, 3 i3 3 3K,
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F 2016 4 6 H 8 H 2017 4F 6 H 10 H B K447,
1.2.3  AN[RIEROR IR eSO 10 20

FEHEAT T AR I 22 09 [R] ], S AR RS R A R 3—5 Ak, B ARAEL R 73 0 B X 3—5 R se &,

{45 0SS R (Li- 6400, Li—Cor Inc., Lincoln, NE, USA) X454y it F A i it Ze ot Al = , 43 4 A

HITCAUH (2016 46 8 H .9 H 10 H .11 HFI2017 456 J 10 H |11 H (13 H 14 H)#EA00E , 0 5 5]

9 B 9:30—11:30, PR I ik 72 v oA PR BT PR e HLI B, BB i 500 mL/min, SRS 2 IR
h 25 °C AAXHBHE 60% , 6 FHVBAARIE CO, SRR CO, M A 400 pmol/mol , -5k iy it 4 A Bt b 3 47 390 512
5, AFRIHORE ARG | LU E 15 5O 3 AR E DR (PPFD) BBEE ] Li- 6400 B9 TOLIR ( LI- 6400-
02B ZL#GIR ) , I F 8k 8 i (1500 ,1200,1000 ,800 600,400,200 ,150,100,50,20,10.,5 .0 pmol m™s™") ,
1.2.4 RAE MREE OGRA ST BB T ik
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SRS A, & AR B HE 5z — A AE B 10— fk 358 20 ( Normalized difference vegetation index, NDVI) , iX
MEE S MRS EA R AE LR, AN

NDVI=(Ry50—Rs )/ ( Ryso+Reys) ' s MR Z A —EAE %L ( Chl normalized difference index , CRINDI ) J& X} -4
EHN, i 5 CRINDI= (R,50—R.05 )/ ( Rygy+Rops) SISRAR  REA S N Z 488 ( Carotenoid reflectance index, CRI)
S 550 nm A1 700 nm AL SUFHME SRS 510 nm Ab S SHE EIEURY 22 5 ISR BN I N R AT
UG, N2 CRI= Ry X (1/Rygy—1/R, ) ' s H A5 TC 45,2835 51 ( Structure—independent pigment index , SIPT)
SO B AR R I N RS, A SIPT = (Ryyy — Rus )/ (Ryp + Ruus) 75 64k 22 B 5T 35 %K
( Photochemical reflectance index, PRI) 5L M4 R S MR & EA R A CH:, A58 PRI= (R, -
Ryyy)/ (Ryyy+Rape) M o RN SR 38 B 2R — B i 43, 680—750nm [ il 24 foe AR 11 I A< A 8 BV 21 30 46
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Fig.2 Temperature, humidity and radiation at different altitude in June of Changbai mountain
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B2 KBL2016 £ 6 ARREBKEEGEEMERILE

IR A 84.21% , 4K 1400 m Ab Y e iR R A 76.68% , AT 75 14k 750 m Ab

AN[AAR 32 (A1) PH (AR T30 R & 1 22 S R0OK 1R 1200 m b 310 PH (EiRAK, HIEA A & &
WA B ; VR 750 m ARBRURE 5 SRR 5256 5 2 (8] 3 PH S A A S R E S AL (P>0.05) (£2),

Table 2 PH and soil nutrient content of soil in different altitudes’ plots and experimental plot

K2 ARBHBEREIBRMTEPHERERSE

i AL 2R X AR ARk ARA
. PH Organic matter/ Total N/ Total P/ Available K/ Available P/ Available N/

Altitude/m

(g/kg) (g/'kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
750 ( S5 HiL ) 6.43 556 15.3 1.23 107 12.55 328
750 6.44 575 15.4 1.33 116 13.41 354
1200 6.29 523 16.4 1.47 121 12.56 283
1400 6.38 527 17.5 1.11 126 10.69 297

2.2 ANTRIREAR A IR A RERT i L 2 AR
2.2.1  A[FEIEEAOR IR ARSI B BT G I A A2 1R
K 3 SRR A (T, ) FNZad —AMER R (T,) 6 FiAb B A HES A Sem bz 2k, 6 Fl F AR 1ot
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B (P,)LE PAR /NTF 50 wmol m™ s™' 54T, FIMELN B 6 6 mm 107 il 42 A8 AL HUAR Y T B 35 25 57, T #E PAR
KF 50 pmol m™ ™' A N B E 225 (P<0.05) . H13& 3 A1, B Ak 00 11 (T1) A [R] v 4 J5 AR 40 1 4530 A
PEMRARAFAE 2 5 R IRIVHOR TR A (A HERS R 4 1 45 0L BEMOIR 2 [ AP e 22 57 AR T A A M Kokt
HHAE(A,, ) K/DMIFH . CK3 > CK2 > CKI1, BHk4h i e Kot &K/ MF ) . BM>BH>BL, BRT BM
5 BH Z 53R BEAN(P>0.05) , R IE THEK 750 m 4 BL Al CK1 5 BM BH 2 [A] 2% 51 .35 (P<0.05) , %ot
— AR ARRESRRIRR 3 MRS AR LI ET (BH . BM BL) 544 750 m BUEFAE40T (CK1) Z Al Kigot A
HOR (A, ) BRI ES HZEF A EE(P>0.05) , 3 HAEKFWIN 4 F ML H 0 6 ME S (LCP) IR T
W H R (R, ) AFTE R 25 573 (P<0.05) , T Zoid — DA KRG 22 S R i3 (P>0.05) .
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Fig.3 Light response curve of Betula platyphylla seedlings under different gradient of light intensity in 2016( T, ) and 2017(T,)
CK1:734% 750 m B2 FIAES) 1 Feral Betula platyphylla seedlings from altitude of 750 m; CK2: ¥4k 1200 m BF 2= [A4E4) 1 Feral Betula platyphylla
seedlings from altitude of 1200 m;CK3: #44 1400 m ¥/ AHELN Y Feral Betula platyphylla seedlings from altitude of 1400 m;BL ;¥4 750 m £ 4k

X1 Transplanting Betula platyphylla seedlings from altitude of 750 m;BM ; /4% 1200 m F£3% %) i Transplanting Betula platyphylla seedlings from
altitude of 1200 m;BH ¥4 1400 m #4401 Transplanting Betula platyphylla seedlings from altitude of 1400 m

®3 AEEHKIREOHLE 2016 £ 2017 EXMASH
Table 3 Light response parameter of Betula platyphylla seedlings under different gradient of light intensity in 2016 and 2017
e 24 Light response parameter

TRV
ey o CRLEEE Hohb ot P
Year Treatment photosynthetic rate, Light compensation point,  Light saturation point, Dark respiraliofl ra}e,
A /(umol m2 s~y LGP/ (pumol m?s')  LSP/(pmol m”s™") R,/ (pmol m™ s7")
2016 CK1 4.612+0.54a 13.41+0.41a 942.2+13.25a 0.878+0.24a
CK2 12.74+0.63b 12.89+1.23a 1356.63+11.73b 1.057+0.36b
CK3 13.58+0.69b 6.564+0.95b 1040.73+41.42h 0.569+0.21¢
BL 6.026+1.62¢ 14.07+1.55a 911.0+23.29a 0.648+0.12d
BM 8.244+1.04d 6.945+0.01b 978.8+57.4a 0.807+0.16a
BH 8.172+1.01d 8.819+0.66¢ 965.1+37.2a 0.699+0.09d
2017 CK1 3.771+0.73a 7.796+0.83a 942.7+90.8a 0.449+0.57a
CK2 12.35+0.97b 13.19+0.59b 1054.75+36.64b 1.153+0.14b
CK3 9.516+0.45b 7.745+1.19a 964.7+46.32a 0.448+0.11a
BL 4.005+0.92a 7.712+1.77a 920.2+72.3a 0.444+0.077a
BM 4.384+1.27a 8.603+1.37¢ 956.7+37.8a 0.554+0.13¢
BH 5.082+0.74¢ 9.010+1.03¢ 980.3+79.9a 0.596+0.014¢
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2.2.2  ANFETEHORIE ML) OGN S T A 3 g

H 2 4 vIAS AR (T, ) AR R IR e W FE IR S5 T 45 T A R - 25 S B 3% (P<0.05)
WRYE TR 750 m AR (BL) FIEFAE (CK1) FIMEL) 28 1 3R 5 (7)) AV AL S (6,) 5 R TR
1200 m(BM) Al 1400 m( BH) () FAKEL) 1 22 5 5.3 (P<0.05) , 1 2K PR T4k 1200 m I HES) 1 (BM) A9 it [1]
CO MR (C,) KA R (WUE) R T4 M 28 SR = 8 (VPD) S5 A2 B IK 75 H Al 35 8 TR G (R D i 25
SR (P<0.05) s &t — MK ZEE (T,) , AFRTEERRIR Y AR AR AT 54K 750 m B4 FHE) 1 (CKL)
Z )£ T AR B 22 S RSO (i 2 (P>0.05) , TS5 TR 1200 m A1 1400 m BF AR FAHEL) 1 2 18] 1) 25 S A7)
13 (P<0.05) .

F 4 FEEHEFRIEB KL B 2016 750 2017 FAEEIER
Table 4 Physiological factor of Betula platyphylla seedlings under different gradient of light intensity in 2016 and 2017
HHFEAR Physiological factor

W A s AL ML COTRIE i TITRAARSUR S,
Year  Treatment  Transpiration rate,  Stomatal conductance,  MCCNUA €02 o vee efficiency, ii‘i“r‘:dd;;fﬁ’
Tt/ (mmol m™2 s71) Gs/(mol m™2s71) ;;T:zz;l;ti) WUE/( pmol/mmol ) ! VPD/Pa ’
2016 CK1 1.45+0.252a 0.0719+0.006a 272.03+10.96a 3.06+0.32a 1.84+0.19a
CK2 3.16+0.232b 0.208+0.022h 242.13+13.2b 1.88+0.43b 1.45+0.09a
CK3 2.46+0.68¢ 0.158+0.043b 294.05+13.56¢ 3.44+0.34a 1.54+0.34a
BL 0.868+0.304a 0.0679+0.017a 253.56+8.68b 7.11£1.09¢ 1.16+0.14b
BM 3.03+1.13b 0.211+0.106b 272.92+10.8a 3.53+0.38a 1.44+0.13a
BH 2.73+0.743¢ 0.158+0.026b 276.72+13.4a 3.29+1.04a 1.68+0.55a
2017 CK1 1.31+£0.3a 0.0748+0.023a 266.02+12.46a 2.96+0.42a 1.64+0.08a
CK2 1.02+0.26a 0.0887+0.034a 256.76+16.4a 5.93+0.19b 0.845+0.18b
CK3 2.06+£0.69b 0.146+0.069h 288.36+11.81b 4.76+0.36¢ 1.49+0.41a
BL 1.11+£0.37a 0.114+0.013b 284.76+7.72b 3.67+0.35b 0.912+0.18b
BM 1.39+0.36a 0.0644+0.02a 243.06+11.57¢ 3.06+0.15a 2.08+0.30c
BH 1.27+0.15a 0.0753+0.019a 236.01+16.1¢ 3.90+0.25h 1.61+0.18a

2.3 AFENEHRIR FREL T G H g
2.3.1 AT, Maid—AERKZE (T,) 6 Rl EHELN T 596 TE IS 3 i £k

Kl 4 2RI (T)) 2t — KRS (T,) 6 FEMEREIE SO 2k, 73 BI7E K 500 nm F1 780 nm
LEAT BB PR T DX, O 2000 B bR S B 2R WG AT R A AE IR . Ak wI i 6
FIHES B 1 G ST AR, 7 550 nm A0 — AN S04, AR AS [R) 4R R U5 (I MES) 1 ( BL . BM BH) Rl IR 4K
FIHEL T (CK1 CK2 ,CK3) Jtiif S 56 32 19 22 7 B A I Br s A W fi, K/l . BH>CK3>CK1>BM>BL>CK2; 28
ot —AMERK G FIHELE 300—400 nm Fl 1100 nm 2247 B GHE SR A Frdd i, 78 550 nm K206 A [F] V4
SR A MEL B OGRS ST R K /N . CK2>BH>CK1>BM>CK3>BL,

232 BEOBI(T,) M&EE— MK (T,)6 i #4 i ik 1 £ L

TEYCTEFR BN, TAEYIA NGRS & A aR R RS RS, MRS T, BRI (T) A
AR R ) FAMELN T 2 (DG FE 2025 S 4k i 35 . 480 o6, R T ORIETB3R 750 m YRS AR1T (BL) 55
TR BT A 1 (CK1) Z A BAR B U — T8 8 (NDVI) | iH4g R 0 — {4850 ( CRINDL) A3 N84 CRI) Fl 5 45
FTERALTRIEEL(SIP]) 22 5 A .35 (P>0.05) , efb 2= [ S8 4 ( PRI) 22 57 W35 (P<0.05) |, 1M >k U8 Fi4K 1200
m H1 1400 m FFAR FAAHER (BM) F1( BH) 5R IR T4k 750 m 9 BFA4E FIHERT (BL) Z MGG HE 5 =5 B 3%
(P<0.05) , 18 5 A B AE FIFERT (CK2 \CK3) Z DG 52 7 A8 .3 (P>0.05) s &0t — MK FEE(T,) ,
AN R AR R JR ) RS B s e gz i) 22 S A .25 (P>0.05) .
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Fig.4 Spectral reflectance curve of Betula platyphylla seedlings under different gradient of light intensity in 2016( T, ) and 2017(T,)

®5 FEIBHKIEAMLHE 2016 £ 2017 FEHEH
Table 5 Spectral index of of Betula platyphylla seedlings under different gradient of light intensity in 2016 and 2017
HeiEFE %K Spectral indices
232 AP 4% - Al L 1 B
T4k R IH— L2 FHE M RIER e SRR by e 0, 2 R

Chl normalized Carotenoid photochemical

GO b3 HBEH — {38 5

Year Treatment  Normalized difference structure-independent

vegetation index, NDVI d“'f“gz;;];‘dex’ :f}::‘fgg; wﬂmﬂ;;; index, pigment index , SIPI
2016 CK1 0.796+0.009a 0.293+0.027a 1.44+0.18a 0.028+0.003a 0.748+0.007a
CK2 0.830+0.064b 0.375+0.061b 1.39+£0.49a 0.012+0.003b 0.755+0.060a
CK3 0.759+0.050¢ 0.299+0.049a 1.20+0.37bc 0.031+0.005a 0.731+£0.047b
BL 0.795+0.007a 0.339+0.036a 1.53+0.34ac 0.040+0.004¢ 0.748+0.006a
BM 0.870+0.014b 0.432+0.037b 1.67+0.40ac 0.019+0.005b 0.792+0.014c¢
BH 0.807+0.023b 0.401+0.073b 1.15+£0.58bc 0.047+0.001d 0.753+0.02a
2017 CK1 0.824+0.016a 0.381+0.046a 1.44+0.27a 0.0146+0.012a 0.771+£0.01a
CK2 0.815+0.064a 0.294+0.072b 1.03£0.50a 0.0213+0.007b 0.762+0.06a
CK3 0.853+0.049b 0.442+0.048a 1.61+£0.37a 0.0229+0.010b 0.799+0.046a
BL 0.802+0.014a 0.403+0.065a 1.50£0.12a 0.0182+0.003a 0.743+0.01a
BM 0.806+0.070a 0.436+0.015a 1.35+0.54a 0.016+0.003a 0.744+0.07a
BH 0.774+0.053a 0.364+0.062a 1.04+£0.41a 0.0147+0.002a 0.723+0.05a

2.3.3  A[EHEFHORIE FMERS RS 1 5 B A PR B OGS R X L

XF HEAS [ BRI FAMERS 32 21 ( BL . BM A1 BH) 587 AE FOHEL i (CK1) Z A1 6% LA T 15, B kw10
(T,) , FERT VGG, SRR T 1400 m 1Y AL ET 5 RIR T 750 m B 2R 4 i Z (B 09 LU A 46 245 T 1, B
1 AR 1,15 2R U8 TR 1200 m (9 FHEL B S5 3P AE L 9 LU B AR 2N T 1, AR E R 0.81 ;2K U8 T 750 m 114 1
HERF AR T SR AE A I A IR A 1 A2, Gl — NER BRI (T,) , ARG HOR IR (AL 1 5 B 4 4h i
B BB O AR [ 0 AR fR B 35, 7R 4 R 400—500 nm 22 B 3  FEME IR 24K F 1, 7F 500—700 nm 2 8] HUAE A2 5
TG BT TR K 600—700 nm Z [AI 5 ETHE T RER A RIE TR 1400 m (19 AL B H (A 4G
L T HARP AN, (0B IARAS b 34 H A R R G R AR TR
2.3.4  A[RNEHR IR FIHED LA B T

CLINNLE (A ,red edge) /MR B B AP E5 , LR R S 7E 680 nm JHI ] H B — 2k, e
N B R E R S E AR R iR bR, I 2 A AT R B AR (T, ) AS RO TR (A ME L T
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Fig.5 Comparison of Spectral reflectance between feral Betula platyphylla seedlings and seedlings under different gradient in 2016 (T, )

and 2017 (T,)

CK1 4K 750 m B A (A MES) 1 Feral Betula platyphylla seedlings from altitude of 750 m; BL: ¥4k 750 m % 3% 4 & Transplanting Betula
platyphylla seedlings from altitude of 750 m; BM : #4% 1200 m BAR LI Transplanting Betula platyphylla seedlings from altitude of 1200 m; BH ; 44
1400 m FAR4N M Transplanting Betula platyphylla seedlings from altitude of 1400 m

HILL I B AFAE 3 25 5 (P<0.05) |, SEXIE R/INA : CK1>CK3>CK2>BL>BM>BH,, 1t W 75 7 4% 400 01 87 4 (3 #E
f iR 282 B B B i TR AR I TR ; 2808 — AR KRS (T,) |, AN R HROR U 1) AR Sy v 210500 6 1 22 A7)
3% (P<0.05) (HRIE TR 1200 m F1 1400 m 1 FAMES) #8] 22 57 A .3 (P>0.05) , If HOR IR T4K 750 m
8 IR R LL AR R I — 8 AR AL, SR GE 1 — B i o i 2215 50722, BEEA 4l i i it 4 3R 35 1 TR
S AR SR A R R R 25N (L 6) |
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8
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Fig.6 Red edge of Betula platyphylla seedlings under different gradient of light intensity in 2016(T,) and 2017(T,)
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SR A T IR U A MR . ST SR A L, v VA b DX AR I 1 S A a5 v T G S 3R
v I g VR AT 0 1 B Kol B e R B i TR i 07 L Y AR5 2 K LR R T 6 B 14 At g
PTG KB, MR 2000 m B ME R KOG H0R = T 1750 m B9 EHE, AT, B840 1]
(T,) BRI A RE L OB A (LSP) AR KL Al % (A, ) & TR BRI 2 1, a2
(LCP) MR TSR IR ST, M2t — A ER G A RGO IR L) i s R G i (A, ) FDk
TRAS (LSP) 22 B A 3 (P>0.05) . ARFSERIY, W —P R e AR R BREE T, A= SR B B
(AR, Christian 457 % AR ML 210 57 b 14 [R1 R 2T WA B A% B AR IR PR B2 25 0 T BT 57 il AR
LR AEBRRR , SERAS (LSP) JEME S (LCP) Ml KiEHE AR (A, ) % N T HYI 6 Y 1 fig
Wt BN [R] 98 B T8 1 M v 106 G RE ) AT SR AR B

IF) A P 5 B, o YA X P R LA IR P 7K 3 R 256 (WU ) FIAR R I 25 S 38 (T,) 24 AR
FEN SRR IAS R HROR IR 1) FTME LN B A & LR 4518 (AR &0 — A 1935 NS , A R IR 1 B 4k 41 i ( BH
BM \BL) 514Kk 750 m BFA= 41 (CK1) ZE 18 3805 1) 22 PR 1 3 (P>0.05) , 7K 43 1 FH S84t 52 AR R i) A+ 4B
P, BEIAS RI AR R IR 04 U MEL B FE AR [T PREE T, A B 00 A MR R AR elis
3.2 R[EREEHORIR ARG OGR4

P R G AR B S R B R S R O T R A O R R R AR R R N
NDVI , ChINDI 253550 5 4 2 i pUAE LE , 17 SIPT CAT ZR 38 805200 8 P RS | e, X T1 fn T2 0
AN BT RT DL B, #% R0 S A ] v A ok U5 %) AR ATy 1 2% OG5 B0 2E S v W (P<0.05) . S B AR I E
(CK1) #EA75%F Fe & B, AR TR 750 m (09 FIMELT T ( BL) 58 4E MG ISR 522 B AR 38 (P>0.05) , EEJH
PRI R ARt B R JR AR TR] , A AR 5 1 b M R VR %) A ME ST Pl 0 A B s I IR B8 25 52, S 8061

RA2E 5 W (P<0.05) . ARFFEFRIA, F R b 2 0 it B T BRI T v e A AR AR 720 P SO A e B

AN TRV ) G ME T GaE SURRE MO GBSO SR 25 5. TAE T2 BHHFS AR L i Z 18] B e85 18] TG 35 2%
5(P>0.05) 5B EA 4 (CKL) M TE B 3 25 5 (P>0.05) , DL AR (b S B AR 4 i 4 35 7 1
RAAA, [FIBTLONLE Ay, S E PO A RGR AR EM: , iHER R O BB, 2006 IR e i, S 3k
AR Eh Y AT H X T A T2 BN AT L& B, S R R IR RS AR G 1 LT3 0 B A o W B K
AR | E— 25 WS [R) R R VR 1Y) e S i 2 38 B i R AR Rk
3.3 AFEHORIE AL M OGBS RSB R I C R

Y R SORDGIE R ECS G R B VARG, b it PRI 8 800 BR 5 A8 Al o BURR R 0TS A )
MG ARE I H R AR, 50T R Y PBUEAMSCOCR P AR P ER AR AN R 4R (M B 4 4 (BH
BM BL) 5 53R B A= 4l (CK1 ,CK2 ,CK3) Z[8] PRI 255 3 (P<0.05) , [AI A R4 i A RE 1 P22 1]
W2 57 W # (P<0.05) , it —MERFEZFHERLE (BH BM BL) 514K 750 m B4 4 (CK1) Z [A]H K
PRI 5065 H87) Pn Z M 25 5 24 (P>0.05) ,{H 54K 1200 m F1 1400 m BFAE L)1 (CK2 | CK3) Z [H] 5 i 2
225 (P<0.05) ., PRI 528580 N R4 3 & i pl upi e bR R4l i 10 (0 R S i A 7E Ak, I 5 305
A RS RICE &5 (P>0.05),

S TR B R A 25 5 R ORI AR SR A 4 B 2 (A e AR SRR 22 55 AREE R 3N,
W AN TR PR AROA UR T AL T AR IS | 38 AR A I HROR TR A 40 B AT O B RO RR AR T 180 A PR
P, IS5 B8 v R G e A FMOIR A W 22 57 (P<0.05) , BFST IR I, 7F Zead 5K At 1] A9 R B2 94k
Jei AN )RR R VR ) FAMES 55 3 B0 r B AR 4 A B MIR 2 ) A 22 AR SR B35 (P>0.05) , Ui e
A RS PREEIE N 1 |, RE A L IR B 00 AR BRRIRIE IR AR X i — 2B R R T TR S e B R AR W 1
I E A . AW EEAARER ST BT, 2T A LA R B b S I T, A R AR T
FHA Y PRI S AR BRI A A R e — 2B AR
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