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Abstract: Fruiting and germination characteristics of the dominant plant species Rhododendron aganniphum var.
schiaopeplum and their variation along the environmental gradients such as altitude (4183—4673 m) , slope and aspect were
studied at the alpine treeline ecotone on the southeastern Tibetan Plateau. The fruiting characteristics including fruit length ,
width, weight, seed number per capsule and 1000-seed weight of R. aganniphum var. schiaopeplum from different habitats

were measured and compared, and the responses of seed germination to temperature and light were tested. The results
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showed that; (1) as cold-temperature stress increasing at higher altitude, the reproductive input of R. aganniphum var.
schiaopeplum increased , with larger and heavier fruits, more seed number per capsule but smaller seeds than that from other
environments ; (2) slop aspect was the main factor affecting seed number per capsule with significantly larger seed number
per fruit on the shady slope than that on the sunny slope, indicating a better reproductive ability on the shady slope; (3)
seeds of the population in moderate soil moisture conditions (28.3%—32.5% ) showed highest germination ability; (4)
seeds of R. aganniphum var. schiaopeplum are photosensitive and cannot germinate in darkness; (5) in light conditions,
germination percentage and rate are significantly affected by temperature, and the highest germination percentage and the
most speedy germination showed at 25/5 °C. This study investigated the relationship between fruiting and germination
characteristics of R. aganniphum var. schiaopeplum and their habitat conditions, which provides basic data for the
germplasm conservation and the dynamic prediction of the tree-line on the southeastern Tibetan Plateau in the context of

climate change.
Key Words: Rhododendron; seed germination; fruit; environmental factors
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FEREAERD BT IR o A0 , FEBEAE T AE P e b X, G PG AT B AR AL RS AR 170 A e 29 5 R 15, R A
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Table 1 Environmental data of the seed collecting sites

H/m b HHAR R e e LR LHERE O HREMAEBEL

Altitude GC Slo Asp ST/C SM/%  E&V
4183 29°36'23"N,94°36'33"E 2.5° 157° 55 47.4 WIE<5% ;AN N R 5 RS
4270 29°37'12"N,94°37'42"E 6.8° 326° 43 53.2 B 15% ;1% TR R 55 2 AT RS SRk
4330 29°37'47"N,94°37'39"E 19° 520 1.13 32.5 W 60% ; B EE A LK, R,
4390  29°37'54"N,94°37'06"E 27° 289° 4.23 29.2 W 5% R F IR ZE
4480  29°37'08"N,94°38'22"F 17° 248° 1.97 28.3 T 1% 3R FIEMEG 289,
4577 29°36'47"N,94°36'47"E 34° 123° 1.2 21.83 W 45% ; H R A FEAR AL,
4673 29°36'23"N,94°39'11"E 12° 317° 0.81 21.37 T 2% s RHF . FEARY
4724 29°36'25"N,94°39'40"E 37° 309° 0 18.5 TERE 1% I\ TOURL A 3 5 DR 3R . 5 i

GC: Geographical Coordinates; Slo; slope; Asp: aspect; ST soil temperature; SM: soil moisture; E&V: Environment and Vegetation

1.2 STk
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R e, o A R IR I A RS K T8 KRS R ToRLE IR N IEZS () A, AT AR
R MIARA S0 . R Tukey K556 FBEAS R MR S S RRR IR (14 P (8 22 0] 1) d 3 22 S5

BARATAE R(3.5.1) Rl AT, AR 22 T SLCEPERE R BE T Imed £2  MASS £ ImerTest £ | plyr
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SRR ACIR, B0 B VA AR A SRR €5 (4183—4480 m) i ¥ {4 (4527—4724 m) . ST E (25 MR
F(2.13+0.18) g—(4.03+0.06) g, Mk 4724 m FESE R, K 4183 m FESR LR, REKEN
(10.50+0.25) mm—(14.91£0.28 ) mm, F:52 5% B 4 (4.52+0.09) mm—(6.22+0.16) mm, 4183 4673 4724 m K}
AR T 2.30 DL b RSB BYE K  HoAh LA A A B R S0 K 5 e B/ KB FE 3 7E2.30 LA T, 2R
SEAMER ARG, PR R A A (73.50+7.69) Ki (HEHR 4183m A AL | PRI AR £ (435.25+
50.8) ki (VEF4K 4673 m Ab) , BT TRiE 4 (0.05£0.01) g—(0.10+£0.01) g,4183—4577 m F TR E 2 F A
K, TR 4673 m Fil 4724 m (IFP TR BRI/, 20514 (0.05+0.005) g, (0.06+0.01) g,

K2 ARIBHESHRZMFFER

Table 2 Data of fruit and seed traits at various altitudes

FSHER Fruit traits PR Seed traits
Sk e A g
e E w0 B e
Weight Length Width width ratio per fruit weight

4183 2.13+0.18e 11.23+0.25de 4.52+0.09¢ 2.50+0.05a 73.50+7.69h 0.09+0.01a
4270 2.63+0.07d 10.50+£0.25¢e 5.61+0.13b 1.88+0.04d 310.25+34.3ab 0.08+0.01a
4330 2.63+0.07d 11.35+0.30cde 5.54+0.16b 2.08+0.06cd 105.75+22.8b 0.08+0.01a
4390 2.94+0.08cd 12.36+0.26bc 5.71£0.18ab 2.19+0.06hc 99.75+20.5b 0.10+0.01a
4480 2.69+0.07d 11.40+0.15¢cde 5.66+0.08h 2.02+0.03cd 158.00+72.9b 0.08+0.01a
4577 3.52+0.13b 12.08+0.28bd 5.94+0.08ab 2.04+0.05¢d 227.50+108ab 0.08+0.01a
4673 3.20+0.06bc 13.05+0.16b 5.46+0.09h 2.40+0.04ab 435.25+50.8a 0.05+0.001a
4724 4.03+0.06a 14.91+0.28a 6.22+0.16a 2.43+0.06a 297.25+47.4ab 0.06+£0.01a

[EIFVECT 5 A ) NG R R AR AN R R 25 2 A7 A 35 22 e A IR) RPN 28 5 R 3

2.2 RECERBEAER 0L

VIR BERE SR A R S H R (P<0.05,58 3) , RS R BEE IR SR TR i i b 5
RS E /N (F 1) RS E e R/IMA (2.13+0.18) g LRI 4183 m B FEHE/N(2.5°) il -+ LR
47 A% ST AR SEHE f i KAH (4.03+0.06) g TEVFIK 4700 m 3% BE 37°F H 39800 18.5% BS54
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Fig.1 The changes of fruit weight with altitude, slope and soil moisture
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mm TR 4270 m Zb(E 2)
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4183 m &b (& 2)
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Table 3 Effects of environmental factors on Seed number per capsule, fruit weight, length, width and length-width ratio of Rhododendron.

aganniphum var. schiaopeplum

. RA% TR o _ KFEL
AT Sfd nulm%ir 1000-seed it K L Len [f—width
Environmental factors ’ . Weight Length Width eng .

per capsule weight ratio

MK Altitude X2 720.40 4.14 34.67 25.89 2.62 6.85
P <0.001 0.042 0.001 0.001 0.105 0.009

Y Slope X2 114.91 3.34 36.35 2.17 30.02 14.74
P <0.001 0.068 0.001 0.140 0.001 0.001

W li) Aspect X2 70.47 0.08 0.30 3.62 5.96 1.80
P <0.001 0.779 0.582 0.057 0.015 0.179

+ R ST X? 0.12 1.04 0.08 2.98 0.64 4.22
P 0.725 0.308 0.783 0.084 0.424 0.040

T HORE SM X? 244.67 0.57 8.64 0.01 3.87 2.67
P <0.001 0.452 0.003 0.905 0.049 0.102

Ik 1) x 3 JBE X2 34.42 50.09 62.28
AspectxSlpe P 0.001 0.001 0.001

SG : e ) FI BE A AR R, 25 B 2 3 R 7 5 PR TE R 5200, P<0.05

22514
gég 24 ¢
<) B
%
KE ““[ *
B %"2.1 - *
B 201
219+
- 1 §1 1 1 1 1
4200 4300 4400 4500 4600 4700
¥R Altitude/m
2 2514 225} 63 1
Rz 24 ¢ ¢ R 24 $ g 60
W3 231 ®IZ o3l w57 : ®
®Z ot B ®E
- KE ¢ ok 541
B2l P B2 éKES.l—
B = 20 ¢ B 20 Easl
E 19} B19r =
=~ 1 \i | I 1 | | I I I = ! L L I L I |§ L I 4.5 k|§ I I I I L L L I L
2 6 10 14 18 22 26 30 34 38 0 071421283542495.6 2 6 10 14 18 22 26 30 34 38
3k B Slope/(°) 335 ¥ Soil temperature/°C i BE Slope/(°)
63} 63 15 | F
£ 60 ¢ s &6.0—{ E Ll
w57 0 @ wEs] 3 B3
s 7 = L
§35.4w 3! §35,4_ ¢ %li(%on
B\ = G\ = —_
B S1E B® =51 EK.E 12
2 a8t Zasl £ Le
4'5k| | | 1 |§ 4.5 L | | | 1 | 1 J§ | | 1 QJ I I I 1
35 65 95 125 155 18 22 26 30 34 38 42 36 50 54 4200 4300 4400 4500 4600 4700
Y [6] Aspect/(°) +3 18 B Soil moisture/% ¥k Altitude/m

B2 RIKEFEKELBEZEIKRERFHENL
Fig.2 The changes of fruit length, width, length-width radio with related environmental factors
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VAR W R | - TR Bl 1) AN 3 58 B B 3 K B L (P<0.05, 3% 3) , SRS 9 FU B IR L 31
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Fig.3 Variation of seed number per capsule with altitude, slope, aspect and soil moisture
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Wi, A VA PR 5 A i T B (P<0.05, 36 3) , K 4390 m Fh 1Tk E e K, o (0.10+0.01) g5
TR 4673 m /)N, 24 (0.05+0.005) g, H A 5 Bl v A9 36 KT Tk S/ N a3 (1 4)
2.6 B AT BRI RIS SRR IRLEE Y e L

BV i G 2 5 M T Y A A S (R T & (P <0.01) A1, HoAth PR X6F 3 38 ¥ 40 A B 00 R 1 917 & TG . 35 5%
Wi (P>0.05) , Fl i & R BE 2 VA 10 T 2 52 B 7 (6K v 1) g ) £ b 0 AR A ta 34 (1 S)

FhF A B & SEERAERCAEL H OGRR (12 h/12 h) IR MG P AR S5 00 T iE AT, 25 8 Sl s v B 1A 4 L S 1 P
FERRIE SR R ZERBAL, HAEA G SR AT I ad &, AE55 /S JRI T ik 2 46.2%

TE5/1 CHEMF 8 MR R TR & 78 15/2 C T IR 4183m BYFh 7 NS 4 JEIT 44 30 i
K, HBEE AR T B RS aa i A IR 46 06y 3 8 525/5 C 45T Tl 4 i & 5] 6] 7 1 HE 4K 4673 m
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4724 m ARG 4183 m BF¥8 3 J& Hogv g sk 340
MR 2 FFFUR A & s VRN 4673 m Fll 4724 m B AN
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4 FFTHRERBEROETNL
Fig.4 The change of 1000—seed weight with altitude

(48.0%)—4330 m(79.0%) 5k 4673 m(49.0%)— I i:g e R ﬂg A
4724 m(81.0%) Z[AIfFE1E i B 25 5 B EEE20/5°C ) O 20/5°C
3 iFig l ? *
80 | %

31 GEOUEE %i ol

AR T RS R L ER PIRZ fé g i A
[ AFETE 2 25 5 (3R 2) , W 6 Vi 4 v FRB EE 185 n, 2R gOr
SR A 5 3 R | A S AP A R S R TR 20 -
IR (4724 m) PR R S0 KR, K (14.91 + e ane & & &8
0.28)mm %5 (6.22+0.16) mm 5 (4.03£0.06) g, HI7E 4200 4300 4400 4500 4600 4700
EEAR SR 1)/ | R AR X IR, T8 7 4 R Alitude/m

FERGR ST EE R KRR, PR ER P 5 K RETNEEREENAMBMTREENHM
PKF A TE RSB I0 (B & F AU B MES,  Fig5 The influences of altitude, temperature and light on seed
ﬁi ﬁ%%?ﬁi& A tbﬁjﬁo %z%\ %i}% %ﬁ:—l‘— , ﬁéi*ﬁ%ﬁﬁ germination of R. aganniphum var. schiaopeplum
HIREA I RE TP R TN BEFE BB LR AF SR, BIDRE []
A B B 22 4 43 T 38 A A B (CRSSRRR ) eh 20 I AT LA AR T R o7 B A R M A
Aok S e AP AE PRIE (AN IR, 1 SR ARG | b R BEAR AT ) A5 il $R i B B A BB RE ) ok U R X
AR 7 A B 22 A AT R RS 2RSS R

VA R - () TR S B PR B 2 (P<0.05, &1 3, K 4) . FIfie 5l A KRBT RLA G,
ST AER TR 0 FRAE R R B RIS Y BRAE AR I 2 A R IR Y A K R T o A
H /YRR AE AT ST A e AR O BB 3 BC SR M B B T A S LS R AR TR IR ANRIRLST . S5 1,
B RER T 17 75 A S A R I 22 3k v 2 e L AL L X PR 5 a0 | 2 R R AR o R R I X 3K
MR UEAT 2 8% A M550 000 B 13 UL B RE 0 LA S 3G It SR i LR

B9 o) 2 M 9 T A B R ) R BRI IR (B ) MR 22 AT i i S AT, P<0.05 ), BR ]
PR B SRR TR 25T PRI, b 330 H 3 A5/ P ) B SR Ao 80 8 2 DR T B0 3 3 o P BRR o
FHRRAEE X5 RIS S | ISR AR A LU BB A G, A 19 A B 3 110 3 6 v 40 R Y B A S iR ) B
REFY . 2L SR AT A A O IS A A — B

e A HENE A v s AR B AR PR R T BUR 2 (P<0.05, 8] 3)  HLZ5 A 7 2 S 00 45 S ok B 448 i sl A AR 1Y
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R AR AL R R AR ARIEER 4270 m (1) TR I AR AT BE R A R AR T TR b, AR A I ( 1 45
MBRE 53.2%) , PRSP LRI 35 (310.25£34.3 ) A, (H RN~ B & RHEAK (< 60%) , 1 45808 B 7 28.3%—
32.5% I B P TR0 (99.7520.5) Ki—( 158+72.9) ki (B FD T A8 & 15T (> 60%) , Al HEH Ky Fl 7
FE A e R P A R AZ B K A il (IR AR sl 5 ) | S 30RP T AT AR, 0 R SR 7 Uk Ko AE e
T AR v PR FEL (%) 3 T A A G W K R B R T R R R R TR (R AR TR AE
R R 50 e T P 9 VA A S 3 P A A A (B A R AT ) A TR R (3 A B e Rk ) AR B
YT RE LT, R AR A A A7
3.2 WHkRFHE

B AR AL RS R0 R 2FRE 1 5 RHARE MR AR DA G o YRR Ry [R1 25 ) KL 52 e 17 L3 AT 5% e
TGRSR RH L. T . TRl AR AR B B R R L, v TR R ) R R R ke R
PR, AT RESE: Fh R A A A I TR 0 3 1 T BT R R 2 R R T R 25 S FEVE R L Wk
4300—4500 m J2: 7 BIFAR ARG AY FE VG NASIFFE 25 A F A R 2514 BT 7= Fh 7 105 & fiE
SEUE BRI  EER R Z —,

T (4 2 BER A7 02004 1% ) HLE AT EORAR , JCA PR BT 75 R An i B > IR A A 2 5 ) 7 1 % 119 E 22
PRI R (0 2 AR 1A S T PRt A A R 3G B R

SRR A A TG sh i b R R 22— ARG R et TSR RS 3R, R I A L RS R T
IR R RE A 28, i & R N (46.25+0.37) % , 1 S IG 240 R R A0 % (B & R <1%) , kAR5 b %
PR AL RS AR T R W EE RSN 2R, 7RI 1 s R X i TR 84 R E ME K H
S BRZUE N | e S AR - - 48 v 07 B LR B 42 [R5 57 ol R hy 52 i 9 7 96 4 A S B
KW —AFEIREENF WAL RS 0 3 R R AR 22 (R A AR SR AOIR, Milberg U H AR
Y8 ot e R A R £ [ v g A N w2 s D) 110 O SN2 =TS S e e Y 0 e R O
FER R A TR AR AR A S s TS B T (A IR BT R, BRI/ T A A R T
B AR Y 35 A W A AELD R AR AR T A7 e A PR /IR I 40 B R

Gk 100 2 5 i R VA 8 A RS 1 R R RN R R BRAE 5/1 CAE T 8 MIBIR AN T BN & | hi E
15/2 C (R % 63.0%) F125/5 C (WK% 75.8% ) s5AF T R34 K wi & , HId Y00 i ol i pesh—+ i i
KRR, B ALAS R ET R IR TR S R AS (R. decorum) FIFEHEFLRS (R. concinnum) IR TR AH
LT Al H A AR IR R 15—25 °C,7E 5 C A MFA K fa T453 , RN 6 B AE LA TR R I B Bl %
T B VA AR B 1 R0 TR B A 7 A T v FE M XA R R AR N R (R AR AT
(BKAZR) AN A&, 3 A ) T o FEAH ) b 7 3B G 76 P 1 B ) R Bk L A& ZR 88 25 T 1 &, AT DR IE %)) 1 19 A7
T, AP K W B e FE IR A I

4 %t

AHFFE I 1 A RS BB T MR AR B BE | (4183—4673 m) R U4 AL BY 45 SRR R ME 5 BRES 2 Al Y
KR, FELLWT .

(1) 7Em AR AR RNE 5T T, 1 8 1 40 A S B A JE B AN K, RS0 K HLB = o, I b 1 40 2 (H
B2 R AT R TR T A D BORURR A 20 PREE N SAT D

(2) 35 ) 2 ) B SRR R A IR IR, BRI B SR S b 2 R T P, 2B U6 A Y G T R T 4
B ) AT RE 1 TR

(3) %5 o FIESAVK - 00 38 302 52 W 8 6 VA 4 S 1 R 1 T 0, TP A - R (28.3%—32.5% ) T 14
FERGFP -1 & e ) fcik

(4) TR ARG A Fh TR T CHERD 7 BLIE TR RIR A L 2 A, (R B L ol 8 R AR b 5 9 i X
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KR BEDIRE , B — ot i FEH X A K Ze | 2 T M AR A B A R SRS

W 2R A RO i LR ) — PP /R BEN  TFIR 4330—4480 m (17 6 1 4 AL B 5 O A v 4k 1O T B 7
ZRFE RS AR LL , ToIe R A5 AR sl R LR IR R R A, AT RIEAK 4330—4480 m A B TR A AL RS FIRE Y
IS, 2ERAETE =T, RO R B8 1 B 1AL 1T B8 2 5 B0 B g 4 FL B FORE 9 43 A DX 1) = VAR
Pk,
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