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Abstract: Changes in global warming are expected to have profound effects on precipitation. Root production plays a key
role in ecosystem carbon, nutrient, and water cycling; however, the response of root production to soil warming and
precipitation exclusion is not well understood. The aim of this study was to explore the below-ground responses and

adaptability of the most important timber species in southern China, Chinese fir ( Cunninghamia lanceolaia), to global
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warming and precipitation changes. A factorial experiment of soil warming (ambient, +5°C) and precipitation exclusion
(‘ambient, —50% ) was carried out in the Chenda State-owned Forest Farm in Sanming, Fujian Province. We measured
changes in fine root production (fine root hirth) after one year of soil warming and precipitation exclusion using the mini-
rhizotron method. Results of two-way analysis of variance (ANOVA) showed that soil warming and precipitation exclusion
had no significant effect on the total number of fine roots produced, whereas their interaction had a marked effect on the
total number of fine roots produced. Compared to the control plots, the total number of fine roots produced increased
significantly in the warmed soil plots, but decreased significantly in the warmed soil plus precipitation exclusion plots
compared to the warmed plots and the precipitation exclusion plots, respectively. Repeated-measures ANOVA including soil
warming, precipitation exclusion, and season showed that the interaction of soil warming and season, and the interaction of
precipitation exclusion and season had significant effects on the number of fine roots produced. Compared to the control
plots, the number of fine roots produced increased significantly in the warmed soil plots in the spring, and in the
precipitation exclusion plots in autumn, but decreased significantly in the warmed soil plus precipitation exclusion plots in
the summer and winter. These results indicate that soil warming, precipitation exclusion, and their interaction influence the
season of fine root production. A three-way ANOVA including soil warming, precipitation exclusion, and diameter class
showed that the interaction of soil warming precipitation and diameter class had a significant effect on the number of fine
roots produced, which was significantly higher in the soil warming treatment than in the control at 0-1 mm. However, the
number of fine roots produced was significantly lower in the soil warming plus precipitation exclusion treatment than in the
precipitation exclusion treatment and soil warming treatment, respectively. These results indicate that the effect of the
interaction of soil warming and precipitation exclusion on the number of fine roots produced mainly occurred at 0—1 mm.
The three-way ANOVA including soil warming, precipitation exclusion, and soil layer showed that the three-way interaction
had no effect on the number of fine roots produced. Only the precipitation exclusion treatment resulted in a significantly
higher number of fine roots than the control in the soil layer of 20—40 c¢m. This suggests that the interaction of soil warming
and precipitation exclusion on the number of fine roots produced had similar effects at different soil layers. It is concluded
that the interaction of soil warming and precipitation influenced root production through changing the fine root seasonal

distribution and diameter class allocation, which may play important roles in the growth of Chinese fir.

Key Words: soil warming;precipitation exclusion ;fine root production ;fine root birth

P IPCC(2013) #e 7, it 130 4 (1880—2012) 4= BRif i 22 R V- YR R 4t B TR T 0.85 C;
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1.1 R X HEA

RIS A T8 d = W AR ARAE S RS 5 BRI 58 5 R LI 55, 4> 2235 R AR A el R Rpoll A bRz Y
(26°19'N,117°36'E) , V4K 300 m , J& H W HH Z RUA e, AR AR 19.1 °C L AR R K 1749 mm (2
e 3—8 M) AEHZ8 Kk & 1585 mm, FHXERE 81% .,
1.2 kit

TRG R FH 58 A BEHLBETT, 15 B P T B 25 B K WA 1, 36 4 AN b BE B 1) X AR (CK)  ASBETRL, KB
RE7K 52) B4R IR 5 °C , ARRREIREK ;3) B REK (WP) L AHEIR, R EIFEK 50% ;4) HE TR +F% BT FEK (WP) - 3
5 °C L BREIFEIK 50% ,/NXTRAL 2 mx2 m, BEAACHE 5 ANEE 358 /NX P JE SR H 4 B PVC #(200 ¢cmXx70
em T SR A, 55 JE SRR, B 1k /NX 22 [l AH B 4, /X R E A BT A2 AR 1, 432 (0—10,
10—20,20—70 cm) HX[Al, SIBRHAR A A HALZ Y 5, 25 IR A 192, 3f4% 20—70 ,10—20 F10—10 cm
FILM] 2 mx2 m SEH/NX P [R] B SR Sy i RIS i SRy H A SR (R 1), T 20134 10 A%
RN (I /NIRRT AR R HL S ) AT AR, TREESN 10 em, [0]FE 20 em, I 7E B AP AL — P | RUERE
MBI 5IE . 2013 4F 11 H 84 2 mx2 m ANX ISR 4 R 144 2 AR MR AZ R4, F 34 &
F(25.7+2.52) em , 4 F T AL N (3.3540.48) em AN BEIAL TSRS LE 2 0], FEE /DX ARG AR
ARG ET J5 LL 45°RHA MR 90 em MRS FH DI AZ R R A K FFET- 348, 2014 4F 3 HFERE
Hi/N X R AR BB 0.05 m %25 0.05 mx5 m (Y EH U BUAE, 357 Rl e s i 0/ MK, IR S 50% [ RE7K (56 1A
) S BEZK B0 1994.2 mm) , FEHBAT 1 50 BUS FH iR S (2014 43 ) .
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Table 1 Soil bulk density before and after backfilling ( g/cm?®)
+J2 Soil layer/cm

TiH Item

0—10 10—20 20—30 30—40 40—50 50—60
JEA A3 In situ soil 1.04 1.21 1.23 1.28 1.29 1.40
[AI3E +3E Backfilling soil 1.05 1.13 1.29 1.40 1.41 1.31

1.3 MRFRAGR I AR R4

AWFFEIN 2014 4F 3 A AL E 2015 4 3 A XTAIARSEAT T 3 1 AR se il . 54 A - AFn T ) (a1 Fe
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AR AR T AR, R USSR 17 1] S 56 28 4 FH Rootfly IR A3 A 30C1F X HEth A7 Ab B 53R A5 45 1%
YR B ARG B DL R Bk AR AR 5 A5 e . [ S 0 AR SRR . 1 AR RS (i e SRR AR, R
7 )2 7% o 3R B R A A AR 8 SR AEAR T AR A i R AR TP AR AR RO A AT
1.4 e 5 0br

RIS 2014 4F 3 7 % 2015 4F 3 A ARHE A S50, % 3 .4 5 AXila hEZE % 6.7.8 1
WR5r REZE K 9,10 11 AR5 Rk 12 1.2 Al w42,

KRR ZE ANOVA i 6 - 858 | 25 Bk 0 R AR A AR — 4 0 A= B0 i 52 el 5 >R FH B &2 I ANOVA
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WIS, A MG T 7E SPSS 19.0 BF EREA T, B MIKFiE N P=0.05,

2 #R

2.1 EHEREFRK S

RN - SR RE FNK A3 B S R B KO (P<0.01) |, 397 55 B8 B R /K 1958 AR FH R - 398 Y B2 A K
IS B (P>0.05) | 11T B B B 7K %ot = 38 7K 4 1 52 1 36 B B B 2 7K S ( P<0.01) , Ko 4 8 35 BE VA 5% 0 ( P>
0.05) (% 2) ., 5L —4EW A, CK W P WP %) 17343 FE R & 7K 52535018 21.56 °C £6.74 ,23.33% +
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E1 FELLELSEREMSKENFEEL(0—10 cm)
Fig.1 Annual changes of soil(0—10 cm) temperature and moisture under different treatments
CK, %18 control; W, £ HEHE IR soil warming; P, B& B K% 7K precipitation exclusion; WP, - 3 3% I + B& 2 [% /K soil warming plus precitapition

exclusion

F2 TEEBNRERAREZEEANTIERENRKE ARSZHEHEXMHNEARFTESHR
Table 2 Two-way ANOVA on the effects of soil warming, precipitation exclusion and their interaction on soil temperature and moisture, total
number of fine roots produced

P {& P value
T Factors et HG AR PR — 4 it Bt
Soil temperature/C Soil moisture/% Total number of fine roots produced/ ( number tube™ year™")
W <0.001 <0.001 0.639
P 0.563 <0.001 0.341
WxP 0.706 0.685 0.002

W, + 3R Soil warming; P, i 9 [ 7K Precipitation exclusion; Wx P, 392 1t vl 55 B B R UK BO 22 HoAE ) Interaction of soil warming and

precipitation exclusion
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WAEDUR P ALFE S CK A 4R B A i I 5 % =
5 (P>0.05) ; i fEBG AR B0 T, WP A3 (1 40 AR 24t A § .
BB ERT WAEE(P<0.05), fERAMBHAN w2 ©F
PR, W ARFE LY CK A4 40 2 A it 5 35 18 ( P<O. ﬁg [ c
05) TERRESHE KR WP B i iy, B S [
LT P AHL(P>0.05) (& 2) % 40 -
22 IR ET S £
Ay RS N IS EAE T R B MK 45 2 Y § ol
B H AR PR AR ) A 0 1 5 0 3 B4 K (P<
0.01) T IR U WA BIREK | 2715 = 3% 1 38 EL A T Xt
AR AR B A 0 (P>0.05) (£ 3), fEHEE,W .
A AR A R 3 T ORI T A i £ AR K w P WP
HUE IR (P <0.05) T 20 Ab 302 [ 0 G & 3% 2% 5 AR Treatment
(P>0.05) ;75 2=, WP b BRI 40AR A= ¥ g KT 2 FRARSREBE—FRHEYE

CK( P<0.05) , ﬁﬁ/ﬂ\:,ﬁﬁ ALI\IE Z‘,I‘Eﬂ E(J QHH:E ll_u /_;Eﬁ%/ﬁﬁ A Fig.2 Total number of fine roots produced per tube one year
%%%’:( P>0.05) ,E@(é P ﬂ\ﬁﬁﬂ/‘] éEH*EILH ﬁiﬁ%ﬁ% under different treatments

BT CK A W LS (P<0.05) Tt Atz gy 0 e W AR e 0 A R
B (P20.05) 64T, WP SR R L e
FILT CK AP AL (P<0.05) M EALBZ [MTCRE g v fiating 2

225 (P>0.05) (18 3A) o AN[F AL PR ARAR H A= Y 2= 15 A

KA —E2ER, CK EFRYAAR AR 025 & T HA T (P<0.05) s W AL BER T AR T A B0 B & T
FAhZET (P<0.05) 5 P AR BB =R A= Ko o 25 v T A 15 (P<0.05) s WP &b BB = ) AR Hh A= i U
BERTHEZMAZ(P<0.05) (F 3A),

*3 THEEE RERKFETHHRHEHEZMNESNES ZSTH P ER
Table 3 P value of repeated measures ANOVA on the effects of soil warming, precitapition exclusion, season on total number of fine

roots produced

K+ Factors
W P S WxPp WxS PxS WxPXS

EEARE AR —4F 1 A= ot
Total number of fine roots produced/ 0.639 0.341 0.001 0.002 0.005 0.001 0.074

(number tube™! year™!)

S,Z=4T Season; WxS, 388 5 F 5 128 HAEFH Interaction of soil warming and season; PxS, F B kK 521 1922 HAEF Interaction of

precipitation exclusion and season; WxPxS, T34 B RFEK FIZEYT =34 28 TAE M Interaction of soil warming, precipitation exclusion and season

2.3 AR O R G I RN 4

TR T+ HERR W B WK 8 =85 1 3 TR PR AR Hh A 500 0 6 W 3 5048 5 /K - ( P<0.01)
R A S T B K 5 R 4 5 A G AR A SR B0 (P>0.05) (£ 4) 7 0—
1 mm PR, W ASBRATAR HAE S 255 T CK, WP AL B9 41K A2 B0 U 5 2508 T W ARBHAN P AbBE, i
12 mm YRGS A S A4 A TR 1 T 8 395 5 (161 3B) , A ALY 0—1 mm FRZRAIAR H A S
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20 |
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0
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3 AEEN AR IESREARHERE
Fig.3 Number of fine root per tube under different season,diameter class and soil layer

RIIKE FEFRAA I 5 B3, A NG B R ] — A BRI 1 PR 1225 503 s PR T B o P34 i 22
o EMAIAR AR A B9 48053 (CK O 94% ,W 2 96% Py 95% , WP 4 97% ) (FE 3B)

x4 TEEE RBEEKEENAERDEHSESXIMP=ZERFTESTH P ER
Table 4 P value of three-way ANOVA on the effects of soil warming, precipitation exclusion, diameter class on total number of fine

roots produced

KF Factors
w P D WxP WxD PxD WxPxD

RV AR — 4 A 0 A%
Total number of fine roots produced/ 0.649 0.352 0.000 0.001 0.848 0.428 0.002

(number tube™! year™')
D, %% Diameter class; WxD, - 38 i 542 % 1928 B AEFH Interaction of soil warming and diameter class; Px D, B & /K 512 9% 19 38 T AE
Interaction of precipitation exclusion and diameter class; WXPxD, SR PR BRI = 38 HAE ] Interaction of soil warming , precipitation

exclusion and diameter class

HJZ RS R RS AR R RS K S R R S AR IR R R AR B R K S R =R
SEH A PR AR AR B B R0 (P>0.05) (3R 5) |, 3ARB1 SBe08R  FR g Fa/K i s i K W 4 22 ) ) 52 BAE
MAARLIEm R, 75 0—20 em L2 AP ZFNITCRF 2R, WAL 20—40 em 12, P AL BEAYAAAR H A= %L
T CK, A A B 2 (W] 2 T8 25 22 5 (181 3C)

3 e
31 iR E AR
5 CK A EL , W ZBAR S AR B0 2 i, DR R R AR A 7 | X S5 2 i g R —800" Bl

U, Majdj 251 35 B HL AL 8 2542 ( Norway spruce ) HEATHA IR R AE A2 HAK5 | & B 1996 4F 10 H = 1997 4E 6
JF) 458 R S T U -+ i A R %) AR A 7 i I8 3 e O R M R A M, s A SR IR A AR A R B
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A DX K R BV RS 509 K Bt ] B A2+ SR 5R AN R SRR B SR DL 7 BE S, 247K 23 il
T AR BRI DR I AR AR L3043 9 A K, B 43 BE S8 22 ) Bk AL & RN 3% 40 T TR A R 2
R SR F 32 WD K 23 SR R AR A 7= B0 Gaul 251 3840 X6 25 [ 2R R O 4R B 2 A2 6 J3 Bl 8 K/ G
KBUAE 6 JR e B 50 W) AR A =0, F2 2 DR 1 kb S0 TR AR AU T 1 i S S5 A0 AR A Yy A
&Ko AW RRE W ALIRFN P AL EIAR L, WP Ab FRAR AL S AR 0 2 AR 3 s i G 1 S R [
P - St T B A KIS ) T LAY T SRR B AT RE 2 R A AL D' AR T B0 b TR AR R A R B it
o7, ETAT U D AAR A 72

x5 TR BERK IENEBRHEHESMPN=ZEARAEZESHH P ER
Table 5 P value of three-way ANOVA on the effects of soil warming, precipitation exclusion, soil layer on total number of fine roots produced
HF Factors
W p L WxPp WxL PxL WxPxL

AR AR —4F A B 2%
Total number of fine roots produced/ 0.748 0.509 0.570 0.016 0.639 0.134 0.145

(number tube™! year™")

L, 12 Soil layer; WXL, -8R 5 + JZ 128 B.AEF Interaction of soil warming and diameter class ; PxL, B& B %7K 55 1 2 f9 52 HAE A Interaction

of precipitation exclusion and diameter class; WxPxL, 1= R BB PR A+ )2 = 8938 B AE H Interaction of soil warming , precipitation exclusion

and diameter class

3.2 HRMAEBER R EIA

AR, CK IR AR AR A e E GRS R L, B F D, X 5 AR as R —2,
Hendrick 25" 38 i Sl AR A5 F AR 5& B AL 5 i o] - I 52 WA, AR A P e B R R e 22 Rk B die /b s WL
A S o AR A F AR A = I AR B 4l AT 9 S BN B 2 ) 30 A 2 R R ZE AR A
KGR/, 3 X A1 A A IR R AT e R R LR R, oK i 2, RHE S K3 I A R 2 i
SEAF IR KL B LA YA R TR R R EA K F MR B E KOG A TR £ 5 KERCH =)
AYECEN T 6 T AR AR X RR A TR R Y KR AR FF ARk K D R A R R A A BC 45 AR
FI KA AP A 2 5 CK AL, W AR IR Z AR A R W 1, 85 W AR R R A
FOT A R DL K T 2R R HOR A SRS A (B 1B) o P AR S CK AH HE, BR =4t A Hici W& g,
XATREREH T 58 P AFLA HHEA/K RS CK A FRE A & (& 1B) , WAL T P AL B AZ AR 4T
HEINANARA ;= DIARI 6K 4 . WP B CK A Lt B ZR 4 AR A 550 3 B AR R I 22 5+ R
e, TR S KA G WP AR S CK AH LA ZR AR 1R A 45 i o S5 RG22, 5 CK AL, WP
Qb P4 ZE (1 S T KRR, BRAIR T B ARG EAE T, 20 Be 25 T BB /K Ak 5 s/ | TRl i 4 2= - S IR FE TS AR

i, AARITE WG T FER I, T 255 T 2500T FH AR A& 7= i K b & AR 2

3.3 4R AR HCE ARG Tl AR B A

WL R W, TR | BR 2S [K SR Y 52 BLAE R AR A= B (0 52 38 31 2 35K T B3R W] +
SRR 5 B R K ) 58 AR X AR HE AR B S e B A AR TE 0—1 mm A2, ORI 0—1 mm 4R 2
W ISOK 53 R 50 I B E SR B S (R ) B3, [ B AR oA g DR T 0T - S R 858 PR 17284k (2
HHEFRGY K GREE) FOL AT R AR LR U 1 1—2 mm 4UAR EERBEEER, e R T AT,
YeF5 ARG, PR 38 3R 5% I T FAR 4 A6 B AR 28 I A AL U MR /N 25 AL FRY 0—1 mm 4R AR50 5
ZHHR B A B RIS R 90% LA b, W 0—1 mm ZHARXT 4HHR A P A Sk R . X S5 R0 A RIBF g —20*)
B AR DO ST e BRI BT T AR AIRA K ARAK 0—1 mm 40HR 5 A4 7= i HE B Ik 3] 909% LA L,

AW R Won , HHEE S 2 REROKS T2, DU R R KRS 2 W8 AT
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AR AR R WA R, IR IITEAN R 12, e | B B I K S LSS E AR IR 2R A 5O B9 14 A+ A0
N, AL B A B 20—40 em HJZE Y PARBARMR H AR K0 B 3% = T CK, X A E 20—40cm
TER LR N TR A 5, IERIR BB R T AUR LRI AR, AR5 S T KT AN SE
[7i Fsf o 25 KoK it — 2 BRI T 7K 43 BB 3, AT & P AL BRI A2 AR &y v 2R 1) TR 2 A% AR+ 46K 43

4 i

AHIFSESE R s+ 1) L 8 T B S AR K ek A AR AR 7 B S (EL 25 A S AR AR (2 %55 5 CK Al
FE, WAk BEARAR G A 5 W, T WP A BRARAR B AR R U AR T WAL B P AR 2) SRR
XZ=T PR A K < 2T X AR H A R A S R T B SR T RS 9 R K PR R A SR A T ks
T AR A A FE T 53 ) SR U < B A K AR GO AR A B A R R, SRR S R R K R S
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