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A E & kT 7K B #0 ( Fraxinus mandushurica
Rupr. ) 1R EZFWRETEHE

1,2 1, % 2 N 1
1= BT BREY T OHREE EKRE CARY
(1. bRkl KA IR ILE M S E M ERLRE,Jb3 100083 ;2. HFARE LRI, K F  130033)

E R RIRGRITR KRR M ERA TGS, T BRI 28 P 05 2 2 i 245 28 1k S Ho e [
&, R B R 1 (Li-6400-06 M2 %33 Li-6400 HiE R, CO,/H,0 3 F R 4) B15F T /K B0 ( Fraxinus mandushurica Rupr. )
HIARB R BRI RIEAR R R TR ZRER KM ARPRERRAL I ENETEE, B5SR
¥ Z AR ACRUARAR R, oo EUAR PRI RTE 0. 5732 pmolCOy g™ s ™' (A2 <2 mm,10 A ) ~7.1861 wmolCO, g™ s ™' (EAE <
2 mm,7 A4y) Z 182k, REARFRE R GR 7 A5, 53] 0. 6848 umolCO,-em s ™' (EF: >5 mm) ,10 A &A%, {TH
0.0132 pmolCO,em s ™' (EE <2 mm) ; AR PP IR 3 SR BEAR E A2 28 AT R ARG, 26 T BRI R ok R AR AL LA U 8 AR R A6 R
S %o 7K BRI B A AR R 3 25 2 M B IR T R B (B 5R , HLAE 6 ~ 8 A R SRR R A B B K (0. 0007 < P <0.0424)
K HAIE AARPP IR 2 5 3 T 10em + 38R BRI B B AFE R (R? =0.779 ~0.981) ; IR ( E AR <2mm) PFIR IR R B
Qo fE7E 3.45 ~8.48 Z [, MIHLIR ( EAZ >2mm) Qo fHTEFEN 2. 07 ~2.96, Q, fE AR 542 3 K T FEAIK i B 5 32 A K i K
SRR 1 E A S I BE Dl SRR s AR Q0 fEL7E BL UK PRI 22 53 35 (P = 0. 0392 <0.05) MR MR B, R HIEHREKPFEE
MR Q0 fHZ
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Seasonal dynamics of root respiration of Fraxinus mandushurica Rupr. seedlings

with different nitrogen rates
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Abstract: Root respiration supplies energy for root growth, maintenance and ion uptake. We studied the influence of
phenology, temperature, root size and nitrogen fertility on root respiration rate of Fraxinus mandshurica Rupr. seedlings
using a Li-6400-06 leaf chamber and a Li-6400 CO,/H,0 IRGA. Seasonal variation regularities of root respiration rate were
consistent with air temperature, moreover highest respiration rate observed in July and lowest rate in October. During the
growth season, root respiration rate ranged from 0. 5732 pmolCO, g '+s ' (root <2 mm in diameter) to 7. 1861 wmolCO,:

g s ™" (root <2 mm) on a dry weight basis or 0.0132 pmolCO,cm s~ (root <2 mm) to 0. 6848 wmolCO,-cm s~
(root >5 mm) on a surface area basis. Root respiration rate per unit dry weight decreased with increasing root diameter but
root respiration rate per unit surface area had a reverse trend. Air temperature rising influenced the response of root

respiration to nitrogen fertility, and the influence was significant level ( P < 0. 05) between June and August. Root

respiration rate increased exponentially with soil temperature at 10 cm (R* =0.779 —0.981) , with a Q,, of 3.45 to 8.48
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for fine roots (root<<2mm in diameter) and 2.07 to 2.96 for thick roots (root > 2mm). Apparently, fine roots was more
sensitive to temperature than thick roots. Nitrogen fertility influenced the Q,, of fine roots (P =0.0392 <0.05) but not that
of thick roots (P >0.05), thereby indicating that Q,, of fine roots was more easily affected by soil nitrogen concentration

change than that of thick roots.

Key Words: Fraxinus mandushurica Rupr. ; Root respiration; Seasonal dynamics; Nitrogen treatment

ARAHR 22 P I AR S AR 438 P 0% ) B2 20 RT3 (T oy BRAK L3RI ) 10% ~90% ) , 45 4F BT 1 #E ) P
R BB A SR TER I 50% AR REMAE S RERRES FERRZ —, KA B4R
NBM T BB FEAESRABRFEREEZME T o AR FR AR50 0 % 0 F6 8 AR HB1  , ARAR H
RS R ST 2 A LB B 25% |, T T AR R AR - REHL T MR 30% ) AR
F PR BT TEFE Bk 32 T B AR A gERe A i 3 DA SRR 4R HE R &, TR , AR AR IR IR X Rk A 7= )
AEZEW, REFAEMARTHFRRMNARARRFRAEBEZQGZ 0, Kb FERERA L3RR
B MRAERKNY RALAEED T KRS COWE " £ sk E T K
ANFH %, BRMAE KR MEEEFRITE, HRRORF RS AR A KRBT,
AR SRAR T EHFIHE, RAREE R EIRATRMEER T2, WAEAR R,
AW A BRAT BB 22 9 T A M S E , K [ 5 ) o B 38 % ~ 52% WK AL & IR TR R IFFIRIE#E,
WREK YA AR B A iE sh DA ORI SR R R B . BAT, BN E 78 R E M AR MR R I R
W AR R PR 1S ARG Sh A Sy W AT T WS T E R X O T TS A R . A SCEE MR
R TR P IR s B X T R BE 8 KT 1 R RE AT, ke 3R B b il X = B A AR AR A0 ( Fraxinus
mandushurica Rupr. ) ZA2 R R R Eh2S SR R R 5955 70 B R G AT 015, UIBE N IERR VIR
[ AR X AR R BT ) SRR SR P 3% BRI BB R R R GAR BEHIB KR
1 HREH=E
1.1 5 Ao

PRI B AEJL AR R 2 b 1 5 ARbR A Tl AR MR B B SE T B (39°54'N, 116°28'E) , L T RAT I
At SRRV L L3, JB R I AT B LU BRAR R A AR , KGR R, EFETEZ RN, EERMEW,
A ZETHRIES . HEAEER 130m, E£XSR 12. 20, H R AT 39. 7C , &ARSIR - 19.6C,7 AHF
SR 24.7°C 1 AREESIR -5.5C R R 700m, BAEAR LR, BEPET ~8 Ay, FFHH
TR G40 27690, TCFEHA 180d, 7R T 4 H bA), RAETE 9 A bA), WA KN 220d,

1.2 RA5bet Ak

EFIAAE R 25em x 35em x 30em (JIFE x b A48 x &) KR, B 2K R 0. 5% th R IHFE4F 17
WYEN B AREE FREE IR (4 EWr s Y 2em 2y, MBS K FVEFRIR) o ASIRH R H] Hoagland IR, S IRVEE
i A 2] e Ty T8 X4 R, BARE 5 40 F :4 mmol - L~ NH,NO, .1 mmol-L~' KH,PO, .1 mmol-L" K,
S0, .1 mmol-L~" CaS0,6H,0.1 mmol+L"' MgSO,-7H,0.0.05 mmol-L~"' FeSO,-7H,0.0.02 mmol-L 'H,BO, .
Spmol-L ™! MnSO,+6H,0.0. Spumol - ™" CuS0O,+2H, 0.0. Sumol - L. ™' ZnSO, 0. Spmol + L™" KI,0. Spmol + L ™"
NaMoO,-2H,0, &3 pH {&F] 1mmol-L'Ca( OH),5 10% H,SO, &% 5.8 ~6.0 ZJd],

PIATEL B E R BR K TR R % G i Y 1a A /K MDA B, BR e B R B & 7E 17 ~ 18cem Z JH], B
ARRAEREHIEAR B, 4 APEHEE, B8 3 th, 30d JFIFRAAR N KF#HIT A3, g 28 E 57
Wirp NH,NO, ¥ 3 IN 2N 4N 8N 12N Fl 16N 3t 6 ok AR R (BIE R+ N ¥ E 510 1.2 4.8,
12,16 mmol-L ™", A1 4 mmol - L'yt BE/KF) , HoA SR EAZE , A HE 10 45,3 d 36 1 B R, B R
EEEK, RIEEAKS TR BERIEEARWERZE TH T , NIRRT SHEERE. BT A% B RE
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TN, AR AE S 3. S PO FF 7 LAV WA €2 Y8 Rk v A3 T O P4
1.3 WEH:
1.3.1 #RRFFRAIE

HR 2R P IR FH B AR ZR VA A2 , # Li-6400-06 M2 3% 23 Li-6400 fE#;5X CO,/H,0 /#7244t (LI-COR
Inc. ,Lincoln,NE, USA) Jll AR R AFIK . 2007 4E5 H 2 10 A, 4 H T AN BA KW @ PP 3, - 2
TAEZEMIE H /) 10:00 ~ 16:00 5E o

KR E Iz T, MBS R R AR Z IR E N (REEHINE H 10:00 MAXSIRE) HER
<2mm 2mm < B2 <5mm FIEZ >5mm 3 MEF K, FEHAR R U) R AR ( 22 B 1k 7= A R 5 07
%) BRI 5rBIHA Li-6400-06 M2 N, RS A shAR 8 Ja T 3h i3, e R R B CO @ &, B0 3
3MRM AR . MEIR BB Sy E R B Ch AR B IE AU E YIS ZL R T 10em AR BE) , T 8 2R 5%
FINEBE A KA , AR R /K IR T Li-6400 SHA1E F 4 A {3 TR M i, s i =2 v i 28 ST BE AR
FrfaE
1.3.2 WRRAKREHRMTEMNE

LI R 5 R R AR R B B8 B S0 %, BB B AR R B T AR R /K 43, SR A K Epson Twain
Pro FR{GRBUE S BRI R AR R 2041 R G Winrhizo 344, %R 78 3R 18 R 5 468 bR gk 47 00 &
0T SRR HEARARE B  80°CHE T 48h J5FREE .

1.4 BdRsHT

RIEME ) COEREBARMBRASH(RATE MARER) IHEMPRER, DARRTERIEMIT
AR RPN R B AR R T RIE GRS BEAUR CO, BE /R B, LAT (& FR A HUAR IR 1% 38 38 ( specific root
respiration rate) , B4 wmolCO, g s ™" ; DAMR 2R 2 I FRUM I RE 55 AOAR 2R PR W 53k 5 O 4 5 JBOKAR R K 1
TR R CO, BE/REL, TR R 2 T FRIPE I 4 3R ( Superficial area respiration rate ) , #4447 umolCO,: em %s7!,

B BEBI% A Microsoft Excel 2003 #4317 /3 HrAb 3, i+ E F X AMEEZ MR R, R ZER
BT 5 843 B AN R BERKE X 7K WA R G AR 22 570 SR PR B0 437 J7 ek 2 ST 38 BE S5 AR R e O okt
Z IS ARY  ARYE LR & R R ERA QB ZEXT 8 T BE 247 /3t it , A% RS F R,
{HAEZEAT VRS T , S22 R - 3R B X AR R PP I PR 5
2 GZR55H
2.1 RFEARGAR FE P 0o 2R f) 2545 A8 A FL AR

K HIAPh AR RIF R BB T AR L. MR AR S80TR, R RIER K HAi0 4 i #5300
HRE) PR EREA B ERN S A a7 Ak, M8 A Mg ARG , ks R m
BT RE, B 10 A F AR A 1 AR K B B4R TN R B 450 IR (4 7K ST, BRI , 7K A 40 2 S 2 P R 5l o A K 22
ARl £ B B (18] 1) o ANRIZETT7K BHAINA) B AR 2R A5 A2 0 EUAR P I8 T8 24 A4 Y1 Bl 2031 04 : 0. 5732 ~ 7. 1861
pmolCOg s ' (H A <2 mm).1.3516 ~6.5319 umolCO,- g '-s ' (2 < HAA <5 mm) . 1.1786 ~6.2935
pmolCO, g '+ ™' (EAE >5 mm) , SMHIHIZE 12. 64 45 4. 83 £ 5. 34 £ ; 0 2 T AP W 33K 3% A 30 BT U 43331 0 -
0.0132 ~0.4693 pmolCO, cm *s ™' ( 42 <2mm) 0. 1027 ~0. 5716 wmolCO,:cm *s™' (2 < H2 <5 mm) |
0. 1960 ~0.6848 pmolCO, cm >s ™' (E 4% >5mm) , HIZ4MBIIAF 35.55.5. 57 451 3. 50 4%,

AR RSB0 8 AR R TP s R P 2 9 2R A A A A AN (] - FUAR PP IR B 3R B AR R B2 AR K
BWFEG, RA 10 A ER <2mm MR RFRERETHERY, XFTEESHT 10 AMhEYEIEER
J& MR TR Y , RSB A, A BV B B, 40 AR I 4R K B FE T T BOX F AR AR IR I AR A B i s (&
la) ; 3 H AR PR IR 3 S NI BEAR ELARAR R i, 3 H N 5 A4 3] 10 AR e MET 2 —3 (& 1b),

2.2 BEEKCEXK S AR R PR S
XFAS [RI AN [ AR R T & HERKF 7K B4l v AR PP IR S Z8 9047 5 22 704, AT LA S A& HE AKX
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Fig.1 Seasonal dynamics on root respiration rate of F. mandushurica seedling

(a) FL MR IR 34 % Specific Toot respiration rate ; (b) Z2 A FLIFEI 3 % Superficial area respiration rate

HRAR PR 25 Zh AR (9 S 2 AR BEJF A — B0, X PR I IR R AE 6 ~ 8 H [ i m kB 2R B3 (P <
0. 05) PA_E 7K, 1t B AE B A A K B AR, AR AR X R BT R38R, AR R PP I R R B R, LR
TR B TR AR AR 2R P I 3 AR R ™ A S 3 S s BR LA <2mm B ETARAE 6 A A 9 A M EE (P <
0.05) 5b, AL RAIHA(S Afr) ERARI(9 Afy) FvEm (10 A 6r) iR R PP R B, Bt RKF- X 0 ik
MR WA R R 10 AREABARZR(ELD) .

F1 FREGEKETREREKE I ERFEIERER P EFH

Table 1 Analysis of P-value on root respiration rate of different nitrogen rates at different stages

HAR IR 33 3R Specific root respiration rate 216 LRI 33 %R Superficial area respiration rate
I\ﬁn{fh M E /2 Diameter 2mm < R EHRE MR EF2 Diameter M E 42 Diameter 2mm < 1 HZ MR E 42 Diameter
<2mm Diameter<5mm >5mm <2mm Diameter <5mm >5mm
5 0.280 6 0.1352 0.256 0 0.371 4 0.3472 0.2737
6 0.046 9" 0.0191* 0.0127* 0.0153* 0.0470* 0.0362*
7 0.002 3** 0.006 4 ** 0.008 2 ** 0.001 2** 0.006 8 ** 0.0125*
8 0.005 2 ** 0.003 7** 0.0175* 0.000 7 ** 0.042 4" 0.0381"
9 0.046 7* 0.059 0 0.065 8 0.0106* 0.094 7 0.1390
10 0.541 9 0.3715 0.461 3 0.692 4 0.576 6 0.474 2

w o« ZFMIH B E Strongly-significant differences; # 2253 Significant differences

R R J3E 38 20 X 7K A0 A AR P 0 o AR A PR SR 4 1 £ A, W0 A0 A 4 B B SR — B BE 2
5 Aty , B e MBI R AE H AR TRE Y B, B 58 FRYI R ATHFE AT LA 2 AR K 75 B AR R P I
R, RAR N AR BUBMER 2, R R RAR AR R IR B W8 52 5 26 — NG Be L 6 H 6
208 A by, Kigh AR, O T IRAME R AR E 7Y 5, AR KRB PRAR , MRk K3 i
R TRAN AR A AR, RAR RS 23 & AR 2 TARRIER, BT LUK A B BAR AR P I 2 4 i it
R R TIRgIn, —F BB 8 AMEI 9 AM, BARAERKEEAZ, YHAKERT 8
mumol - L™ Ff , 4% 28 S0 AR Il 220 B2 A1 18 00 T e AU, %o AR 2R g P W SR A O 40 o 5 65 DB BE 10
HARERE LW, AR KB T AR RO RE RS , RURE T B 5 37247 (8] B A 4R P I LA AR F 2
A EEAPRES , Ao SR B2 A8 0 AR HA 55 (11 2, 181 3) o
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Fig.3 Seasonal dynamics of root superficial area respiration rate of F.

mandushurica in different nitrogen rates
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Fig.2  Seasonal dynamics of root dry weight respiration rate of F.
mandushurica in different nitrogen rates
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EEERBL QAR 0 =" HHAE (b KBTI EIHRE) ™ a3 K4 Fim. HED
F 2mm ARRK) Oy HEIRT 3, M AR B IGE AT R Qo fE B T LA AR PR IGE R R 2 MH, SRl
ATLLIKE] 8. 485 TS IR RS HOTH AP R E R, EAEKT 2mm ARR K 0, fHH1E 2 ~3 Z[E], K HE
2 ~5mm Z[A]# QufE 3 AI7E 2. 11 ~2. 87 (LALUARPPIREE RIHH) 1 2. 41 ~2. 96 (AR E I JOE R ) Z
], BAZ KT Smm () Qo fHAMAITE 2. 13 ~2. 81 (LA FUAR PP IR B A5 ) F1 2. 07 ~ 2. 46 (LA [ AR P F3
) Z 18], Ut B 4R R R % 10em -S89 AR 1k 1) S B R AR

HERKFXE K HM e AR AR PR R EHA—2 . RERE<2mm B, AFREEKFE Q ([H2ER
B3 (P =0.0392<0.05) , Q, fEFERM BT+ M A8 K, T Bl — RE 72 B FE R R B ) T T 22 /), Herp AR
FPIRH A Qo fHAE A YK BE Sy 8 mmol - L™ i 5 B f5 5 {H 4. 62 (38 2) , T 3% 1 AR WP WG o 36 7 R VR BE Oy 12
mmol - L™ Bif B 55, 24 8. 48 (3 3) s M EAR > 2mm B, EEUK 18] Qo fHZEF IR BIE (P >0.05) 3 H Q, fHKE
R T B

F2 AEBEAKETKEPERLRFRERS 10em THEEHX R
Table 2 Relationship between specific root respiration rate of F. mandushurica seedling in different nitrogen rates and 10 cm soil temperature
M E 42 Root diameter( D, mm)

PR

Nitrogen rate D<2 2<D <5 D>5

(mmol-L.~") Expjfjﬁﬁ grgnodel R Qo Expffiﬁ%gnodel 3 Qo Expfjﬁﬁ%gnodel R 1o
1 y=0.1522¢%12% 0.885** 3.45 y=0.558 9¢%47* 0.965** 2.11 y=0.795 9¢>%06  0.966** 2.13
2 y=0.140 1e>138% 0,909** 4.07 y=0.545 4¢%%3% 0, 957** 2.29 y=0.788 6e>%7% 0.963** 2.28
4 y=0.138 1e>1% 0.906** 4.20 y=0.457 4¢%12%  0.981** 2.78 y=0.693 1e™1®7 0.969** 2.74
8 y=0.139 5¢% 1485 0.899** 4.62 y=0.439 5¢%1%5% 0.973** 2.87 y=0.683 21015 0.973** 2.81
12 y=0.130 8¢9 0.896** 4.44 y=0.445 1e%126  0.972**  2.72 y=0.684 6e™1%% 0.964** 2.67
16 y=0.116 8¢%13% 0.904** 4.43 y=0.480 5¢%1%2% 0.954** 2.66 y=0.750 2¢"%8% 0.961** 2.63

* % P<0.01 y FLARMEIR 3 Z Specific Toot respiration rate  x 13 ¥ Soil temperature e H %Y Constant(2.718281828)

F3 FEBEKEKEIHERAZARERFERERS 10em THEEHX R
Table 3  Relationship between root superficial area respiration rate of F. mandushurica seedling in different nitrogen rates and 10cm

soil temperature

M E 42 Root diameter(D,mm)

Nﬁoi;:f?:te D<2 2<D <5 D>5

(mmol-1.71) Expjfjﬁﬁ grgnodel R Qo Expffiﬁ%gnodel 3 Qo Expfjﬁﬁ%gnodel R Qo
1 y=0.071 1e>87  0.927** 6.19 y=0.503 1e>%0% 0.829** 2.46 y=0.7352&"%0%  0.976** 2.46
2 y=0.0813e>12% 0.916** 6.89  y=0.5227&>%% 0.830** 2.41 y=0.846 7¢%%28  (0.951** 2.34
4 y=0.074 7¢%24%  0.914** 7.57 y=0.526 8¢%%05* 0.838** 2.47 y=0.894 5¢>984 0,959** 2.19
8 y=0.075 6e%28% 0,915** 7.86  y=0.5261e>%2% 0.815** 2.51 y=0.943 9¢%0 5 (0.889**  2.09
12 y=0.069 6e>?2% 0.903** 8.48 y=0.524 1e%%%  0.779** 2.59 y=0.940 3¢%73% 0.874** 2.07
16 y=0.072 8e%2®% 0.909** 7.89  y=0.5202¢%12% 0.859** 2.96  y=0.8548e>%%* 0.906** 2.30

* % P<0.01 vy, REFAFFIE R Superficial area respiration rate « + 3V B Soil temperature e #%{ Constant(2.718281828)

3 itig
3.1 SN 7K AT 4T AR 2R R 23R PR e

MRAMR R IR R A A SR AR T EE ML AR RARE W EFRRPRE T2, H
ERRFW AN, AR R A BRI, 377 B RE 7 R e IR AE F#RR I T B a3 Ryan SERF5EIAN,
2 U4 27 P R BE RO AN S IR AIAR i, PR 28 , AT BN 23 — 7 T SR AR 0 R 2R 4 R W B s A7
Amthor WFFE &I, [Al—AH ) 55 AR FR I ) A AR PP I EL AR 85, 336 2 R 37 A AR R A 4 v v 1 RO R B 1
M, ERYAEIE T B 90% MR AR FURIE AR , X 458 R M9 B B R TR #E 20% ~60% I
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REE, BT LA, PRI (LR IEIR) SHARSBHEUARL . Gough M1 Seiler A 4R T RS A BT
BE EIREAREIE R, F O S R E A AR AR RN R FE AT AR E TR E HRE K
HEER, MARATRAER™ . BRAMAERRFRK B REQHRE . 4 TR S BEXEYER
5 BRER Y T K58 RS R UIEE A K AT, 8% 8T R AR RO E R R R &
K TR BAR B AR RE i B Y, R TR R BRI R IR D A A B RS AL
A, BN E T XA RISCR , ORHE B 578 AR 6 B R T R RN M T RE , (EL R R0 A A K P
W B BG4 56 BREEAR A (H T B R R SR R Bl B0 A IR MOR 7 AT ARG R R O 5 R
WA BRI I HE RN SRR AR R IR A B0 BB 1A 1 i 5 B E %, iR
BB T X P R S 45 SR 4 7 A ), ANTE /K B v, 25 B AR R 3R 0 K ML 28 sl , L P G
B B AR BRI, PP o R e A A

A5 A SRR S B4 728 X 7 AT AR 2R IO R P S S22 B B S 2 e U, S ) A K B S i e
ARAAIR X R BNG 3 B R R IR T T AR AR R R AL B R, AT AR AR 2R X 8 i, 3 7
WARRHWED . BEEHHEL,S ~ 10 AR HIRETHEERAR, b TIRET SRR R R AR
FOMR I, B AR LA RO, TR 2R RO AR AR IR ) T B i R 26, B, 7K L 0 40y AR 2R I I 3 o A
SIREE 6 ~8 A BN EUK A B WAL T 9 H 4 LUG , 1 TSR TR, 7K B A A4 3% 2055 , 40
HRXT R MR EARG , SR 1A AR R RIS M i A /s (18 2, 181 3) |, X 5 R R UK Tk
R4 IR R RS BN RS R —3
3.2 AFEBFKHMMERER Q0 IH A LA

TEARSMT , LR RAYAR IR IR R T2 — " ok AT A AR I % 32 R S - R
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