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504 JAE = 41 %

Abstract; To better understand the carbohydrates of timberline trees, and to obtain basic data to study the physiological and
ecological responses, and dynamic changes of trees under global climate change, five-year-old Picea balfouriana seedlings
were selected as experimental materials to study the effects of different soil temperatures and moisture treatments on their
biomass and non-structural carbohydrate ( NSC) concentrations. A nested design was used in a walk-in artificial climate
chamber to set five treatments for soil temperature at (2, 7, 12, 17, and 22 °C and three for soil moisture conditions
(drought, normal moisture, and saturated moisture ), respectively. Each of the nine seedlings were given the same
treatment ; totaling 135 seedlings. After four months, their biomass, and concentrations of soluble sugar, starch, and NSC
were measured. Results showed no significant effect of soil temperature on the total biomass, but low soil temperatures
significantly reduced root biomass and root to shoot ratio. Drought and saturated water stress significantly reduced root
biomass and root to shoot ratio under higher soil temperatures. The concentrations of soluble sugar, starch, and NSC in
different organs increased or remained unchanged with decreasing soil temperature. At soil temperatures of 2 °C and 7 °C,
drought significantly reduced starch and NSC concentrations in annual needles and starch concentration in annual branches,
while drought and saturated water stress significantly reduced starch and NSC concentrations in the roots. Low temperatures
and water stress significantly affected the distribution of aboveground and underground biomass, that allocated to
photosynthetic organs increased significantly. Low temperatures did not lead to carbon limitation, and even the NSC
concentrations tended to increase with decreasing soil temperatures. The results supported the “growth limit” hypothesis of
the timberline in some cases. Drought stress could lead to carbon starvation of Picea balfouriana seedlings at low soil

temperatures.

Key Words: Picea balfouriana seedling; soil temperature ; soil moisture; non-structural carbohydrates; timberline
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JNPE =42 (Picea balfouriana Rehd et Wils) 32224347 76 3% [ P4 g 1 IX ¥ 3K 3300—4300m 1 FR AR B 5 A
SRR HBALT | 2 A2 R 3 A1 A I i PR o | 2 e e v AR TR v L i MR R ) g L R I i
RS T BEIEA A2 LSO AR FE T i A 4 SZ B, 2068 55 21 BR 1 20 1 14 42305 R J S5 AR el A 0 IR e
LR BE A WL S X T e LR A 0 B ARG G B ARHFSE L S RN m A2 W IF s bkL R
JHRE Y B AR TR S R - SRR AN K 3 AR G 9T P I R L X 3 I R K 3 AR A X i LR R
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1.1 MY RS TR

DAY ] $00H <5 )11 B 1 AR HE 3 (30°28'01"N, 101°50'02"E) N L1 B B 5 4RIV B A2 41 ( Picea
balfouriana ) VE PRI 150 B A Z M8 IX 534 3800m J11 P8 =42 160 4E RARMRAR T L3, + 38 Mtz gt
Akt pH B4 5.92, FHERTE G /KN 57% (H 8 FoK i = BHOKE R/ T L EEX100%) . %W Fh5
AT AR 7.8 C AR 17 °C 4R ¥R K & 600—1000mm,6—9 H FEK & 5 2 4ERE K &1
80% ,AF-F-YAHXREE 70% 247, T 2016 4F 6 AW NITE =24 i #e 4k 2 AN K i B AL TE SRL A % ( AR
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PEFE 135 RS RLIF H 3P Z42401H , T 2016 4F 6 A FAIFER T 3 DS & 152 MR 12 A
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R, P ED) B HERE Y R Komer ZY ST 2B B2 A K Z 6.7 °C Ao Ay BRI B T
AR, 7R ARG A MBI KA | 2 C B 7 °C (6.7 CAEA) Blim T 7 C iy TR EERREE B 5 A~ 3%
REEANRE .2, 7, 12, 17, 22 C, BMRIRTEFRAKFE A 9 RNVE AL , & R R R A AR g & B AR KA,
IKFE K R B o B R A g P R R Lo, HIV TR I AT KA , o SRR AR R AR S5 IR (2.7
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JEALBEX3 IR BEX3 AN Z X3 BRI TP s A48 ] il i v an i 1, 264 4 e e B2 i3 ( Ss101,
Dowdon technology Co., Ltd., T&YIl, ) F5/REY 3 A L300 KV HEAE R TR 209 3 A~ 13K 7 ab 3
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Fig.1 Schematic diagram of experimental design

B A, K Rl — S = AR TR AR B 3 RRA A48 R A — R |
1.4 F AR 3RS Hr

FIF SPSS 22.0 #ATEHR ST HT , LU ASAUK 3 J7 22 (Two-way ANOVA) Z3 B e 36 -+ 38 B | - 4087K 43|
THEHAE AR E IR RGN A A P o TV TERE DE R I NSC R EE R 25 5 I 2 KT
WEHR 0.05, [Fl—A RGN I AR A BEALE i 7 30K or b B, Y460 3 + 36 B 5 + 56K 43
(28 HAE A 2 Rt , ] Bonferroni M IESEA T2 JE K56, HLAE S 4> B BE b B ek 43 Aab B2 ) A K
TR BP0 22 57 LA ] — 8K A Ab BE T 5 A - 3830 B A B R A K AR BB w1 22 57 0 A BT R, T
A BT IEAS R 22 R R TERG S, R SigmaPlot 12.5 #EATAEIR RG22l

2 EREHSH

2.1 R A K A3 X A e i R

MR XS 25 A Wy AR FE R R B X R AR R A B A W R A T WA SR (R 1) . FEIER K
Oy AR BN | b IR AR A B RRE LA R R (18 2) AR A W B R e L 9 L R A 2
%, AT RER TR 2 P AR AR 2 X SR I MK 23 i I8 R, BRI AR RS2 B, 3K o0 % B A=)
AR MY R AREY) R AOE R (GR 1) o TRAABLE SRR T 12 CRER RS R Y
iy T FEAE BRI R K 237 f A PO AR A R RIAR G LG AT 2 O (I 2) T R A BN AR F K o R AR
P AR T 17 122 C I AR A i FIOARGEE HE , () It b R AR T 12 C I AR A i, 3R 8+ 05
K3 RIHR I LE AR A A 2 B S AR T (3R 1) AN R ) R R B A BT, = AR K 73 &5 8 A BEXAR
T LU RS AT AN A1 R B, 76 12 122 °C I S 25 AR T AR L, T i i B8 AR AR i S 3 .35 L SR P2 R
F N T IE R K> S AL BT ARG L, T T R AR AR 35 AL PR ROARE HETE R (18] 2)

F1 TEEEMTREKIWHEEREEMENZM (F)

Table 1 Results (F) of two-way ANOVA on effects of soil temperature and moisture on biomass

Ei=g a1 + iR +4Ek sy MR X -k 4y A AME
Index Soil temperature (T)  Soil moisture (M) (TxM) Chamber Individual
HE Y Total biomass/g 1.458 7.744 % 0.843 0.917 0.808
WMAEA by
i Y g 1.298 1.487 1.023 2.274 2.690
Annual needle biomass
M2 H- - =N
= *iﬁi%i,/g 1.087 0.442 0.964 0.904 2.745
Annual branch biomass

i V4
SFLEEN R/ 2.016 3.636° 0.394 1.955 1300
Perennial needle biomass
LA H R e
é*%ﬁ“@i/g 2.042 0.602 0.918 0.594 2.934
Perennial branch biomass
25 Stem biomass/g 2.595* 1.800 1.120 0.321 2.792
A M1 Root biomass/g 1.439 15.045** 1.246 0.552 0.379
H5E LE Root to shoot ratio 2.866* 15.123** 1.979* 0.455 3.662 ¢

# FrR 0.05 K FEFBE,; «« FIR0.01 KPR EE
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FE 22 CHEBEMET 7 M1 12 °C (K 3) s T RANF T ARTE W38 38 K T T s b/ S L (B 1 K o 7 f b B
T, AT VR HUAEAE 22 CHP B3 M THE 4 MREAE, H 4 MEELAHE TR E XS (K 4), L1
TR E XS ZEFIAR T TE R A NSC IR BESZI 2 (3R 2) , TEIEH /K& A B | 25 b v Mk B2 1
7TCRFESHT 17 C7ETEAIT , ZErh il PR NSC M 7E 7 C s, H S T 17 f122 C (K 3) .,
- R X AR A AT RS SE R R NSC R EEI A WE R (R 2) . EIEHE KT EAHR b R
5 AR H T P e i i Y R A AT VA MR B AE 2 A7 °C B T 1T C K A S AL E R AR
HORTR PRI ELE 7 C ey, H R T 22 °C (1 3) s IEH K- S AP R MR JE Mk BETE 12 “C e, H.
BEET 22 C; TR, G L8R BRI AR i@ Al NSC WA KB H 757 CRT i EE T 17
(B 3) . IEHKSSEAT Ao NSCWELE 2 F1 12 CBEE T 22 C MK SHAH T #d NSC
WREAE 7 CRifR, T 2 22 C (K 3), Wik, BRI A FEERZ R, S i 1 K T 24454
FIAR R NSC ¥R EE 33X P RBJE: FH T AEAR XS BEAR AR T AR 23350 NSC i 8 e ikt e 240 A (5] A 20 B P 250K

F2 ITEEEMIEAIWNES[RERBEME M E NSCRENZM (F)/%

Table 2 Results (F') of two-way ANOVA on effects of soil temperature and moisture on soluble sugar, starch and NSC concentration

wE e +-3HEiR E 1K R xRS A
Organ Index Soil temperature (T) ~ Soil moisture (M) (TxM) Chamber
AR g5 MRS vk 8.099 ** 18.663 ** 2.627" 0.727
Annual needle AR 2.205 2.663 1.135 0.136
TERIVR 8.700** 37.212*" 4.265** 0.761
AT PERE/SE Ry HLE 5.427 % 70.151** 7.255** 0.206
AR AR LG5 PERR K AL & P e 1.534 9.768** 0.456 0.940
Annual branch ATV A 0.431 3.730" 0.412 0.678
TERIVR B 2.255 18.469 ** 0.787 0.437
2% Stem eSS VERR KA G vk i 10.121** 6.136"" 1.543 3.200
AT PR 8.682 " 3.646 0.812 6.283**
TEM R 4.201** 3.674" 1.737 0.389
R Root LS5 PERR K AL B P e B 5.384"* 10.799 ** 3.847"" 8.646 "
CINCS 373} s 3.870** 1.696 2.133 1.401
TERIVR B 3.658 ** 9.076 ** 3.036 " 8.787**

IO AR A I TR SRR NSC vk BRI P/ SE R EL R B (R 2) , E2 M7 Chf, TR
TR T YA A R R NSC MR 5 1 AN /K 43 e Ab B 50 3538 KT 17 °C B 24450 A o 0 T NSC R JEE
[ S 1 O T 12 C I AR A i vh JE Ry VR B (&1 3) 572 2,7, 12 1 22 C I, 1 52 38 38 1wl R T
FE (R 4) , KA AR AR rp AT i b ek A NSC R EEI A 85 (£ 2) . 78 2 Ci, T 545
T YA AR A R FE R AT NSC R B B I TR AR A S AL B 7E 7 °C R, SR M B 70 T AL B R g 5 T
UK E b (B 3) . K%t 25 Al i P VERY A NSC YR EE S i 3 (3R 2) , TR B EFEL T 22 C
I 25 H NSC # B (K 3) o 3K %R Fh e A NSC o BE S mA i35 (6 2) 22, 12 F117 CH, T 5402 B
FEAR T AR SR AN NSC W, 7E 2 °C I, ZK 4340 A A 2 Ak BR A [) B 2 BRI T MR b R A NSC R
(E3), ML ESERATH, T 2% 45 88 B NSC e BE i) £ T RZ M 80K, T LR 47 Az i e b il NSC ik B2 5%
T3S SR E

SR B K A3 36 24 4E A I FIAR F JE AR B NSC v B AT P P/ S A B (L A9 532 1) A7 7 I8 3 A9 28 ELAE
(K 2) , ARFKSAET , 560 5 B A AR R,

3 iTFig
TEARMFF T, 3R B BTV = A2 4 B AR Y e B ), (HE S5 A TR A AR e b, X 5

http ; //www.ecologica.cn



24 R A8 1Y A2 4 ARG M PR R AR A 0T - SR FRE R 7K 2328 A F) o 7 509

- 15 O EW ez iR

e e U 873
Annual needle soluble
sugar concentration/%

LA AR
Annual needle starch
concentration/%

Annual needle NSC
concentration/%

LA MNSCHR

g e =
%2 2E s 2g .
BZE 225 x2S
=] w: E S
232 R 5 %5 s
%S E e g ==
@o S Zn«!
N2 E WEE IER=]
=58 5% ®E =
S g H= 8 H3 3
2= 8 & 2 5 5 g
mE g o &8
gE mE°© smZ°
g < Al <
5< 2

ATV PEREE
Stem soluble
sugar concentration/%
LT
Stem starch
concentration/%
ZENSCik i
Stem NSC
concentration/ %

TR S
Root starch
concentration/%
MENSCik g
Root NSC
concentration/ %

M ATl K 2
Root soluble
sugar concentration/%

2 7 12 17 22
+-3838 )i Soil temperature/°C

3 AETEBEMASLETIINEREZESRE RSN RN NSCIRE
Fig.3 Soluble sugar, starch and NSC concentration in different parts of Picea balfouriana seedlings under different soil temperature and
moisture treatments at the end of the experiment
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AR ARG A TP T i R 5 A e RS AR 3R 58 ok oy FUE R BT I RE T L AR S 4 R
Wt AR S AR AT RESR K 23 At FESE [RIFE FH RO ZE 2 . oAk AR ST S B LR 55 7K 0 a0 A A W S i 32 A
F Bt L IR BT, K 70 ki X AR AR e AR T LU s i) ol S 258 A AN P 3, X — 4 R R ] IR
R L) ) S I B KT K o7

AWFFELERII], )NV = AZ 4 o NSC ¥k B2 B Sl 8 (9 [ IO 80 R AR, Bomi A 35 T i
e IX AT REJE t T AEARRT BRI T, A 2 B4 NSC. Vi B2 SF Jh 6 40 i 15) 1 40 B P 25 K222 {HL NSC YR 2
W AL 38 1 B I 2 BT A 2 B T v R s T B ph TR A 2R AR IR A AR B 32 210 T4, D= A 1 e
A5 ABAEARBE ST, BEE TR R PE A2 B AR KO F AR SZ B B il | EL AR A i i A Wy R AR B 3
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R4k, B - R BE R IO NSC 2 0 i s, R
B R AR 1 P = A5 B R a2 IR, 1A
M SZRF T AR Z PR Bl X — 4R UL, B

TR, 0 H OV RRFICA A 2 F
PUEGRS— K RO A i, TR A ILE =
AN B0, TE KA AR | ORI T e B 2
B0 3 I (D) ORFSE 201, PR Vel 2

(7 R AR S 360 o o 4 2 T AR R K
TE RS HEHR A AR (LT NSC, T L5 2 J2 5 85 1 T
PRI/ TR L (LA BRI B A 52 0 0 i T BRI Soil temperatureC
gfﬁjﬁi;égﬁﬁi fl?:ﬂ\i;f tfﬁiiigii;ﬁ B4 ARTEEEMASLETINEZEZSEYEEM SR
VIR ~ = 2 HEAR SR b
W/ VR M B s T E R ED Fig.4 The ratio of soluble sugar to starch in annual needles of
T2tk [EAL AR AT TR Y EFE M i 5% Picea balfouriana seedlings under different soil temperature and
n['[ﬂ [54] , Eﬂ:%%@ Ey% ZF qET:Hj]\iﬂ_ Xd— NSC \IZE E ?2 u@ E % , :]: qu: moisture treatments at the end of the experiment
BEFEAT T AR NSC R AT by TR PO IS 5 R
Wit R R LI TR A, e IR (P<0.0%)
P KT S A TG R S AR PR 4 7
(TR R A O A FE R K250 (ARG % 90 - SR 3 I 3 T 536 XA NSC Wk FE 1
SR, 355 Adams 2505 [RFSTAE B R 0, Adams RS B, 2R )9 T S0 P R, R0 7 e 1 06
Sl AKAY. 2 A T AR O W A8 3tk 2 LK AL 2 T T B P e R, R A
(7 R RO PR AT PRt T 5 T T MK AL 2 52 0 250 B T T R
WG LB, ST T, 58 0 S T A A o ] e/ B LA, 0 0K 2368 2 1) T 5 1] e 25
TG Z RGN (R R A P R, T 50 5 MR T 2 4F A 1 oh NSC Yk B | BIAR T B 22 5
SO TR, A5 TR G G SR | - SRS R 5500 117 25 A 2 M M A Al B W 0 5
Fil 3 — BT

4 it

FIEEE XS NP A2 4 A AR o O R, R R IR TR L, NP B A
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