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Response of seed germination and seedling growth of Pinus koraiensis and

Quercus mongolica to comprehensive action of warming and precipitation

ZHAO Juan', SONG Yuan', SUN Tao', MAO Zijun"*, LIU Chuanzhao’, LIU Linxin', LIU Ruipeng', HOU
Lingling' , LI Xinghuan'

1 Key Laboratory of Forest Plant Ecology, Ministry of Education, Northeast Forestry University, Harbin 150040, China

2 Liangshui National Nature Reserve ,Northeast Forestry University , Yichun 153000 , China

Abstract; Increased human activities have had a significant impact on the global climate. Global warming has become an
indisputable fact, but the precipitation patterns will change greatly in the future. Therefore, it has been more and more
important to explore the effects of climate change on germination and seedling survival of two plants to predict the trend of
the development of forest community and germplasm resources conservation as well as tend and regeneration of forest. The

seed is the basis of natural regeneration of forest vegetation, and seed germination plays a key role in populations continue,
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population dynamics and community structure. In addition, seed germination and seedling early settle play the most
sensitive role in the environmental change of the early stages of plant growth and development. Pinus koraiensis is the main
constructive species in mixed conifer and broadleaved forest and has important ecological significance and economic value.
Quercus mongolica is a major component tree species of the northeast natural secondary forest. We regarded the Pinus
koratensis and Quercus mongolica which were constructive species and dominant species of cool temperate zone
theropencedrymion as object of this study. Space substitution method was used to simulate temperature rise and precipitation
change to observe the seed germination and seedling growth under field conditions. The results showed that the germination
rate of Quercus mongolica seeds decreased 13% and 18% respectively compared with provenance under elevated
temperatures and precipitation increase (average annual temperature of +4.9 “C, +330 mm) or decreased precipitation
(+2.8 C, —249 mm) conditions, but the difference was not significant. The germination rate of Pinus koraiensis seeds
increased 2.29 times compared with provenance in the case of elevated temperatures and precipitation, but decreased 64%
under reduced precipitation condition, different locations have significant differences to germination rate of Pinus koraiensis
seeds. It has been shown to have different effects on growth of Pinus koraiensis and Quercus mongolica seedling in different
temperature and precipitation, and the plant height and basal diameter and main root length of annual Quercus mongolica
seedling were significantly decreased in the case of temperature and precipitation increases and precipitation reduces, but
the difference was not significant for Pinus koraiensis seedling. The interaction of temperature rise and precipitation increase
or decrease make total biomass of Quercus mongolica and Pinus koraiensis seedling decrease, especially the biomass is
minimum under conditions of temperature increase and precipitation increase, dropped 62% and 20% than provenance
respectively. However, statistical analysis showed that biomass of Pinus koraiensis seedling had no significant differences in
the three plots. Temperature rise and precipitation change decreased root to shoot ratio of the two seedlings, while no
significant differences in specific leaf area. Therefore, this study showed that seed germination and seedling biomass of
Quercus mongolica will decline when the temperature increased 3—35 °C and precipitation decreased by about 30 percent or
increased two folds, however, temperature increased 3—35 “C and precipitation increased 1 times conducive to break

dormancy and germination of Pinus koraiensis.
Key Words: climate change; temperature increase; precipitation pattern; biomass; root—shoot ratio; specific leaf area
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ARARTE 5T BRI ST 2 W] - UM AR I 5 7K A R4 DR A B AR ity PR AR AR AR NR LU, R A
Folv 552 7ty A 1 L DR A A 1 RV B B 14 A 25 MR BEE T BB B e SR B (AR T

AR/ R M B AR G L i e Rl A AN i U W R A R S 8V 2871 (R A K /N
PRI , A 203 IR A R MR BRARHIR " o -2 ARMRAFL A AR ST 1) il | 7 2% AE RN |
FiEE S A FAETA Sl AL rh i SCHEAE | TR 17 22 AN &0 1 W 0 S e R 2 1 R 8 0 TR 9 B ] B B A
PRI BTATESE T LTANXS 7K 2 ih 360 7% A B o 70 K 0 B T g %o 52 AR i 2R R i s
TRUKEE IR TE T BRI X 52 i BRI 4 A BB ], Dai ' S5 ) A AR R I B 5T T K S kb X 52 oy B RAT
FALI B HYSENE o 3245 AT ST RA I S AR 1 BRI Tl AR K A2 A 25 5 /E TR e AT SEAR D JE R
HEAM A AR Z A T R8I R A e A AR X A 2 A g i B B 53 A I ARG T

ASBIFSE A FH R - LEAR AR IR A1 DX A B4 b B2 T BT T J ) 1 R o S8 R KA iy B A [, A0 32 T

http ; //www. ecologica. cn



24 1] BRAR A ZDAN RIS T AR T e Bl i A RO T RS R R S A TR e i 7793

1o SRR AR AR (D FIEG I AR TR, K B SR PRAP DX A Z0 0 T 58t AR 23 54 A T/ N ) B SR 1R
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1.1 FpFREELAbH

FiFT2010 4F9 H 6 HRE TR IBILE BUKERH AR X (47°12'N, 128°50'E) f 52 BRAMCFIZL A
Mo R B T E RN ST A E (R 1) o SEE A AP 50—55 °C 1R KR Fl 15
min , A F 3k TR ) A R T A R T 22 05 T 0. 5% B 1 FR AR TN EE 30 min, K MR T A
4 CUKFEIRAFE .

K1 ORIMTEHRMFRINEER

Table 1 Initial state of Pinus koraiensis and Quercus mongolica seed

H TFRiE FA EREP|
Species 1000-grain weight/g Ratio of seed capsule and nutlet Viability of seeds/%
ZIH Pinus koraiensis 554.43+14.28 1. 627+0. 032 68
SR Quercus mongolica 3180.57+58.31 0.1509+0. 007 72

Kl o VI (Ar R 22)

1.2 FprdiRsesdit

SEGRE LAY IR AELLRA S AR X0 3 ASAS ] B 26 3 I 28 3 | Bk B R 9 A SR AR X HFHT /N L T8
H AR RS XRIL 7 i) AT R SRR X, A Z0AA A A0 DX SEAS 1 0 L2 2 AL 1, /NI iR 41
YIRS F oK i 2.8 °C AR K UMK 249 mm , BIV/D T 47% 5 (AR FAYAE IR FLROK R 4.9 °C | iRk
BT 1A,

2010 4F 10 H 7 H—10 H 19 H M), 78 L3k 3 A H S 8K/ N EAR — AR E (30 mx30 m A£47) , MRE
JE RS R BE X 29 20 m 24, ZEREAREE N ARSI 3 A 1 mx2 m (9 RFE T B/ INIL AT A 6 T4 7
P10 em PRFE EIEBR, T2 H KR Z0RAAR P 9 22)2 1 BUR, U sdl /b i RS R o R 38 iR 2%, 78
Bt ORFEF A R N B bR T 4 s AR AT BRI 2 S 1 mx1 m /MR,
S5 R/ INRE DT PAER 30 40 1 2 AN DT T /M (R 2 a IR ) |, 43 B4 5038 R 52 /R 100 %, B 6 ST, FELTHA
INEETT N300 4 4 AN IEJTIE NS (k4 a WLER) | 40| B 50 AP Z0HA 100 A, B 12 A EA, S8l ARAIZL
FAFIF-HI2K FROKFRER . A0 A SRR BLIE R , BT FH 026 )2 e 20 AR AR A L SR JE 2R T4 25 , LA T0UBI s B
FHRYFN T SRR T % . o 7B - A4 R 3R T RO IACSE T K B SR DR X I V5 9, AR AR £ 158
TRLRE | IR s 5 (4 AR RS R AR5 K 4y, O R 7 i R Angh it A KA AR B AR L B Ik
ZRL SRS B LIS SRR T 0 1 mx 2 mx 0.3 m BRI B AR R EHEAML T2 0. 15 m,

®2 ATRSZEHEMERERL

Table 2 General situation of different forest site

b - et b oMY TR T

o G E 1K N i 4R A SRR i
. . . . Mean annual Mean annual

Site Longtitude Latitude Ascept Altitude/m L.

temperature/ C precipitation/mm

UK Liangshui 128°52'95. 8" 47°10'20. 8" PEALIE Northwest 358 -0.30 676.0

/IIE Xiaobeihu 128°36'09" 44°10'43" VU3 West 754 2.50 513.9

F1 4117 F Baishilazi 124°47'04" 40°56'23. 1" ZREEYY Southeast 689 4.60 1349

T B 15 M K A BRI AT 10—30 4F 3 /3t i UG s A5 2800 B0~ S0 0, AL PEE 4% Al st T 7 T A 9 AL, BV P O 4R AL Dok 25 "< 4 il T 7
L5 24 1o T AL T A R 2 T A L 2
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Fig.1 The comparison of monthly mean temperature and precipitation in Liangshui with Small North Lake and Baishilazi during the

experiment (2010-10—2011-9)
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A5 3 YRR , 100 BRI RE 5 I L —AS /N T ) AR ZT AN ) 7 AN S o AR T AR s S B[] S 56
FIATETFEHR T . AR I D17 o3 BB 10 BRI AN IS T BRGI .  T A1)
TRORBIRFEPE |26 1 AR A0 & RARMR, DA MURE D7 NG BCR AN 2 10 Bk RSO0 32 B fs A7 40 i 43
DIZE Sy ke AR R R, Z SRR 4l el 25 i 3 348 7E 80 CHtARTPAL 48 h BHE , TTH
Hg A AR ek mA
SAEYE (g) = MR B BT E A+ R B T
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M T AL (em®/g) = M AL/ 5
1.4 FdEaHr
FH SPSS17. 0 F1 Microsoft Excel 2003 58 B A £l 431 , I 2 B 3K origing. 0 #1744,
2 HIRGR
2.1 ZIHS SETTRRFR BB A XA [R5 R A 2 A 2 AR e
WS R 2 A FPFh 1 K R L TR 5 B K AR A RO AN [R] SR b £0RA T 1 & SR B e fi%
TEMER(E 2) . SFMIEHAR LG, 5 ARFD 72600 B T SR KGN ( 1A a1 R db ) s K (/NAE R
) B TR TR T 13% M 18% (H2ER AN E . LIFARhF 7T T+ 55 5 MK 38 in B i 0 T B &
RILA IR ML 5 T 2. 29 A%, MIREZK I AT B0 N IR B T 64% , AS[R] A 1S ZEAAFh 7 I 8 & % 22 el
F(P<0.01) RSB ) A AL T B &R S5, 298 35% 7eq
2.2 ZIAN SETERANTE B9 A RS [R5 R A LA A A e
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Quercus mongolica Pinus koraiensis
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Fig.2 The germination rate of Quercus mongolica and Pinus koraiensis in different latitude gradient and precipitation conditions

LS R ; XBH B2 TH i85, K /K sl BSL M BE T , ek 38

FITEOLT 1 AR 5 BRI iR R B4R AN AR B 29 BB R R, SRR Hh 25 55 0 35 (181 3) |, T e T T
FHOLT 2 PR SRR S ARG i A K s i 22 TN 0 2 K/ ) &0y o ok v 2B K I 2 v TR K 3
THEOL T BT (P<0.05) , B4 M R K el /b s S 25K T B /K BB 19 97185 (P<0. 05) o 78 i BE T i 5 B /K 3
TEBLT 1 AR LIRSS B AR B AR RN EAR B SRR IX S i 0 0 35 25 S . (BAERE KB G BL T bR
e A K HORR M 0 2 v N (P<0. 05) B IEAREIBH B /b (P<0.05) .
2.3 ZIRA SENARGIE S A Wi SO O AN [ IR EE S R K 2H B SR Y e

S AEFEFM R T A K I R (4 A2 B AR X S BRI I 0 A A AR — o R AN R
(Kl 4), L RS AY & AR LA B T B, EAR AR L i AU 3 R a3 (B R R A S E R E W 2ER, &
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Yt re 3 AR B 22 5 . ARG LR 3 A FE M 22 5 B IR T R AR K AR AL B R A T 4 (AR i
Eb AR TR AR K G i K (B 4) .
3 g
3.1 ZIRA S5 BRAN I AR BE | K S A 8 i iy

PRI EE SR K I ZR G AR AT, S8 BR R 10 1 R BI85 5 T 2R T 1 & % X 5 R R
FhRhFRePE B OC 52 SRR Z A 1 A IR AR D), 75 B 7 5 AN A BT %, e i) e BR s 1 — 2
Ffr 200 St R 78 AL I8 5 A BT & 2R e SR PR R B 7E AR AR, S AR AT R 8 K 1 b
TFARPEE A RIS T, MR RR ORI RIRAR S | 3% ] BB -5 b 724 B 19 45 4 B2 9T 25 0 I i 4L J 00 A 6, 40
AR F B T URARAR LT 78 [ AR B b, W 200d 2 DNABRIRMF Tk Rigm™> X EE S W
P NS BB A S TR, ZEAME NS AR 1A B K SRARMR, R 5% —22% 2 [A) L
AR R AT I , R IHATE J735 90% LA L Ul AT b TARMRAR S . £LAAFhFTE US55 2 AR R
RIS %R 5 AR 0 PP i 5306 1 A A S MR B T 7 I TR R IR A

FEMRE TR 2.8 C L AFEREAKID 47% (/NI 09554 5t BRNZLAA R 87 & 26 5 Fh il s AR LU 354 BT
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Fig.3 The morphological indicator of Quercus mongolica and Pinus koraiensis in different latitudes and precipitation conditions
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FEER G, T F 5 R 5, 2K 22 S A0 P B BE A RIS sh e Bk &R, 405 BR ) ol 18 42 400 B 453 473 ) 4
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Fig.4 Biomass indicators of Quercus mongolica and Pinus koraiensis in different latitude gradient and precipitation conditions
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