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RERFMET , e Y A B S LG B STRTE bR B LB = 3R 7 o R R S R & DL R ) R E R AES
BEALTE S, B FT A B S AL S HL VR LB AT Dt — 2 S U ve AR I B AV D SR IR IR . IABF AR5 3 MHIE BRI B
X E A —ANr Bk A 30% % 2 —B% 6000 ( PEG-6000) 4L K 7038 , i Hoagland E IR L FRIAL , ATFE T R BUK I E TG E
IF) A0 S A AR S 4B ] 9 A BB R A3 Bk SRR IURIR ABA 5 TAA iR (LA . 45 RERH, A R
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B REDEE ALY 1 32 a8 23 4R 07 1) 12 F 2R B B I s SR BUK 20 3R5E R, 40k ABA S B3B8 N, B LA a8 9 o R
LR ABA )5 B INIE B BoR , & 0k TAA & SEEER BRI B2 TR (P <0.05) , HEARZ A /#k TAA & 5T FEiR B ok &%
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Photosynthate integration and regulation within clones of buffalograss under

heterogeneous water supply

QIAN Yonggiang, SUN Zhenyuan” , HAN Lei, JU Guansheng
Research Institute of Forestry, Chinese Academy of Forestry/Key Laboratory of Tree Breeding and Cultivation, State Forestry Administration, Beijing 100091,
China

Abstract: Physiological integration ( translocation of resources) in clonal plants can improve their ability to cope with
heterogeneous environments. Photosynthate integration may increases when one part of a clonal fragment ( clone) is
subjected to environmental stress such as drought and shading. However, few studies have examined mechanisms underlying
physiological integration in clonal plants. The objective of this study was to examine the effects of water stress on the
allocation patterns of endogenous hormones ( ABA and TAA) and photosynthates within clones of the stoloniferous grass
Buchloe dactyloides ( buffalograss) .

We measured abundance of '“C-lableled photosynthates and concentrations of ABA and IAA in clonal fragments of
buffalograss under homogeneous and heterogeneous water supply. Each clonal fragment consisted of three ramets, i.e. a
relatively old, young and intermediate aged ramet. In the homogeneous treatments all three ramets of the fragments were
grown without water stress and one ramet was labeled with “C. In the heterogeneous treatments one ramet of the clonal
fragments was subjected to water stress by 30% PEG-6000 and the other two were not, and one ramet was also labeled with
“c.

" C-photosynthate translocations were predominantly acropetal, i. e. from the older to the younger ramets. Import of
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" C-photosynthates to the neighbor ramet was larger when the neighbor ramet was suffering from water stress ( heterogeneous
treatments) than when it was not ( homogeneous treatments). On the other hand, export of “*C-photosynthates from the
ramet subjected to water stress ( heterogeneous treatments) decreased significantly as compared with the ramet not subjected
to water stress ( homogeneous treatments). As compared with the homogeneous treatments, IAA contents in all the three
ramets of the clonal fragments decreased under heterogeneous water treatments, whereas ABA contents and ABA/TAA
increased.

The results suggest that heterogeneous water supply can affect the carbohydrate integration among connected ramets of
buffalograss, and that the stressed ramet can benefit greatly from its connected unstressed ramet. Because plant hormones
play important roles in regulating developmental processes, signaling networks involved in plant responses to a wide range of
biotic and abiotic stresses and balance of sink-source relationship, the changes in ABA and IAA in response to
heterogeneous water supply suggest that endogenous hormones such as ABA and IAA may play an important role in

controlling physiological integration of carbohydrates within connected ramets.

Key Words: Buchloe dactyloides (Nutt. ) Engelm. ; clonal plant; “C-photosynthates; physiological integration; endogenous

hormone
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AR X L A 38 I A BE ) TR BT T AR AU R AR R A R AR TR AL B RS
Ve P 4 S A R AR S TR MEFR B M5 TR, 7 R U 190038 A DU 2 DA VR — o B Bt ) R e, ZE R R B
JRIREE T 43-Hk (6] B2 I fai i R B 2R b, BIFSE M55 4% S U5 B S IR AR S I i Zh S 28 (XS T4 7 sebEAE ) A=
RS R R AL, TR A B e AR ) AR KR ISR M A B A EE IS 5 ERE X

X FIETEREAEY) , KB E AR, TREE I ABA TAA @ i 5 5 M5 S, 8 shia P14 i 1
AR E , BT B R AL X 396 5 ol 368 03 2 R %), WA g R A R a8 I SR, FE R
Yy AR T AR T AR EE AR T AR R AR R A A B R IR BRI A TE B TR AR K
AR B WA TER? HXHRA RRIE,

B 4-HL( Buchloe dactyloides (Nutt. ) Engelm. ) HARAFIEF 4= F Y, 57 TR FEKE T RHBIX,
BRSBTS E A GRS, B — M A W B B 2RO, I TR LIRS R RS AL, E R IR B R
JRE A3 A S T 3 ek L T R A TR K S e ) ) SRR X e ST P[] R R v A vk, S B TET X S0
TIFS T BEEAFL A e 7 S o B 455 P A B S LR RO SARL A B . TR, AS IR 40 LA S R A 400 B 4 B R B, 5@ 4
M BK 73 B T SERE R DG A R 169 1 20 ks R R N TR R & B R AL AR G , UBHIE B N TR R TE 52
R BN S B MR R 5 8 B AR 3R S i R P VR, it — 2548 7 TR Z R IR) A BB R AR ML B LR 45
PUEE S5 2EA;

1 HREH=E
L1 bE
MEF4-F5( Buchloe dactyloides (Nutt. ) Engelm. ) ‘Texoka’ ZZA: 4 FhGE 1 AREHARHER , 38 i L& 40k
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KRS —BE 3 Tk A bR A 2R T o s b b, OB R ik R2 |
ARIBA S AREE B SRR IS , 10 008 (35) Bk (ST R1) L ; [ N/
(BE) ¥R (328 R2) A (BE) ¥R (388 R3) , 0l 1 /R &
WER ARG, & WRARREEESIKETEBRN
200mL ) =i, 5 FRWON 2 & Hoagland B FFRW (Yw ~
-0.05 MPa) 5% 30% PEG-6000 {J Hoagland E F£ ¥ (yw

~ = 1.2 MPa) ,pH =5.8—6. 0, 55 3 3 1] - K 5 e 55 Fe e Al BFRERERRE

Fig.1 Clonal fragment of buffalograss
HF AR TN RS, ® o ¢
1.2 FiE

1.2.1  “CobA RILYITE TE ke S bR E] ) AL B

WS RM R BOH 4—6 A BB EADHE 3 4> 3em KUEKR 5T A WiE LKk 203 Ak
PR IR R COLARIE, TSE 3 MR A WRTE R R PR BT (X BRAL) B 1 SRR R 32 30% PEG-6000 45
WK W8 25T (AR ) bR IE e & R s i o Bk R . SEHrise 9 AR R — X IR, (1) 47 13
SEUTARAR 2K 338 , 43 BIXT T BR iR AR COLARIT 5 (2) ABFH 4—6 - X HhBRAR FR K 43 haet , 43 313 L
bk EEAREAT " COLARIT ; (3) AbEE 7—9 : SPTARAR 27K 43t , SR V5 43 S0 AR | b Bk AR IEAT ™ COLARIT 5
(4) %t B : IS4 T 20 BIREEAR PR GERRBEF T COLARIC . AbBE R X IR E R 3 K.

“COMRES RIKHFRM L A sl . RIMRI BT, K75 B IT I 2k 23R sh B (kA T R
(3.34 £0.25) em®) 3 AMEMRM-ZE A, HHJFEA " CO, , bA EE 30 min J5 , TR K" CO, FIHIAKIIL,
BoEM 2, 4kELIESR 4 h J5 oK, HR 2 A0 B B T [ A BT 20 BRAEEvR (RL) (AR5 18] (N1) (AR (R2) |
HARTI R (N2) Z#R (R3) AR %6 6 #040, s i A HEAR P 105°CHER 15 min R, R )5 80CH T =1E
o S HIFFE SIS BURIR G , 78 505 2 H IR W A T AT N AR B0 E (epm) (CRA BH1216 fRAIE
o B ERE, LT A7) . BRMERNE 3 K, BIREARIRRIE)E U 3 NERKF I EET
Bl tro INERTHERRIZL 23503t

TEREST IR ERAL C T BE B AR R B R AR

stepizigg = AT PSR/ Cmin) = K ey -8 (mg) x 1009

BTG = 2 ERALTE B A

1B ZR (% ) =%§$g§ x 100%

1 CO,L BT B3 BE I 5 78 P E A B2 Bt I T RE BT 95 BT 76 Al
1.2.2 7K e TRRISHRIEIN TR R S &2k

B3 AN, B4 BIRE R (RT) (R (R2) B m#k (R3) #5557 4E 8 30% PEG-6000 ) Hoagland & 35 H1
BEK 43138 (4353132 7 POO,OPO Jz OOP) , B 43 #k3E 774 Hoagland B FR W s % Bl 3 BRI FR1E
Hoagland B 753 (1224 000)

Wi 25 3R B 20 R e B AR 2R BT 40, SR R T IB6 0 988 W R 35 ( ELISA ) ™)) 40 S0 00 5 4% 35 00 it 7%
(ABA) KWL Z R (TAA) A & o
1.2.3 Sitatimk

R FH SPSS15. 0 #4722 07 Kedie /N2 57 B MR 36 (LSD, P < 0. 05) , fir A W 8 fE ¥ 3R J ¥1H = brife
R(S.E. ),
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2 HZR55H
2.1 “CObE FEITESERE 53 bRIA] 1 A BB A

FIBK 4358 T, Cob G R LA TUz s 3, tA B [ s (R 1) o HHEkin 1 Co,
PRICIE . B 8.72% " C-Ot & R & Sk B 15 Ta) 32 46 , L BB B A 30 4 R BE B8 38 i , 2 3R L3R A5 0™
Cot i R EEARAR IR AR, Ho b 2 BL 4R AR A9 35 18] N1 9O & RIAE# o (5. 52 £1.67) %, o5 B i R Ay
63.30% . PRI} COBRESR A 8. 12% Mt A R AR IC Sk 1 & 4Bz i, v 1 T2 46 21
T H] TR B A K S G A R AR G B3R o B T H R 93.84%

SFEFUKSYIEET , 3K rie B okt & R A o = 0 B A, T i A RBA B, & 1 SR W F
i BEARZ BK S, bk C-ob & R 3 7. 06% , $EIRRIR AR T 21. 50% , AR 4R Hhik 6 T
BRI5 1] o 2 P R BRFREE T 9 0. 50% 38 AN ZE 7. 47% , il Zas iy B BN, Pk Z 2K amt, g
1. 11% B9 C—e & R et B & 40 bk , o IR EPREE 24 bRt & IR AL 0 S 3 189 13. 67% , (HHCARSR
AR TR C- 't A IR il Hh bk o) 4 4 SRS B B (P > 0. 05) o ImHRZIK S i, o ot & Rk
Yy R 4. 47% HARR R EOEE R Ay 1 Tk R B E SN (P <0.05) , S [R] BREREE T i Tk i R 9
1.48 %, MR 1 455N F A ), Tk SR R BUK /3 BR8P /K 20 3R, 2 20k B BRI G & R A B 24 R
SHRBRAE" CO, MRS R TR, S IRV ATE SRR B RS2 6 5 43 BC 1 S5 R Atk B AR AR 2.

®1 ARMBRASVBTHFERES KA C-RERAUUHERES

Table 1 Physiological integration of ' C-photosysthate within three-ramet clonal fragments of buffalograss under the homogeneous and the three
heterogeneous water treatments

YA AL YIE %/ % Percentage of ** C-photosynthate translocation /%

IEHR/RI F5[E] 1 /N1 In?:fz ;ie ] 2 /N2 Hhk/R3 AR /A

Old ramet/R1 Old internode/N1 aged ramet /R Young internode/N2  Young ramet/R3 Apex of stolon /A
4C0, FRCIEMM F 4CO, fed to leaves of R1
000* 91.28 +2.31a 5.52+1.67a 2.91 £0.57 aA 0.14 +0.06aA 0.10 +0.05aA 0.04 +0.03a
POO 92.94 +2.42a 5.48 £1.95a 1.52 +0.55 bAB 0.03 +0.02bB 0.02 +0.01bB 0.01 +0.01a
OPO 90.23 +2.91a 6.19 £2.28a 3.06 +0.40 bA 0.50 +0.40aA 0.02 +0.02bB 0.01 + 0.01a
ooP 96.14 +2.42a 2.52+1.52b 0.80 +0.51 bB 0.50 +0.42aA 0.01 +0.00bB 0.03 +0.03a
YO, FRICHHRM F 14CO, fed to leaves of R2
000 0.04 + 0.04bB 0.46 +0.26bB 91.88 +2.56bAB 6.70 +2.01aA 0.83 +0.29abA 0.10 +0.07bB
POO 0.01 +0.01bB 7.46 +1.17aA 89.86 +2.53bBC 1.77 + 1.01bB 0.20 +0.17bcA 0.07 +0.06bB
OPO 0.05 + 0.02bB 0.28 +0.04bB 98.89 +0.22aA 0.72 +0.17bB 0.03 +£0.02cA 0.01 +0.01bB
ooP 0.52 +0.02aA 5.80 +1.69aA 82.43 +5.06cC 9.11 £2.70 aA 1.23 £0.73aA 0.92 +0.18aA
140, FRigmkM H 4CO, fed to leaves of R3
000 0.03 £0.03¢cC 0.04 +0.02¢B 0.37 £0.15aA 1.08 +0.23a 87.48 +3.08bB 11.01 £2.90aA
POO 0.06 +0.01cC 0.14 +0.04bB 0.15 +0.05bAB 1.02 +0.19a 94.04 £2.03aA 4.59 +1.92bB
OPO 0.25 +0.03bB 0.19 +0.01bB 0.03 +0.02bB 1.76 +0.84a 94.50 +2.26aA 3.28 +1.52bB
ooP 0.74 £0.12aA 0.49 +0.10aA 0.15 +0.04bAB 1.38 +0.65a 95.53 £1.33aA 1.72 +0.54bB

NG FRERFERRTE 0.05 K L2 5k B4t B &M KEFREAFRARRLE 0.01 KF 122 FRF 5T B E M
* 000 : R4 SRR RBIBEFRFEAR 30% PEG-6000 1) Hoagland 3% ¥ ' ; POO,OPO 1 OOP: 43 | 7% JE Ak AR L RR AR R 5 FR 0 &
30% PEG-6000 i) Hoagland & 3% ¥ H i B 40 Mk 15 37 76 Hoagland B F5 3

g5 LA, B A E SRR B W R B AEE N A AL R A R S . IR T LA R R I B W
o] TP s S SRS E T, 52 W 7 MR AR SR 20k & U R 7EN 2 B S AE K FEAATIR T , /] i B
B TR 32 38 4 BRI L — 2 Y R R R L 45
2.2 JKGMET SRR AR FIFRR AL MR R & B AR L
2.2.1 JK4rHEXT TERE SR ABA & B

[FBK AT , &40k ABA SRR EBER, MR BUKSIET , Z W8 M4 #r R ABA & &1
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BIIMCE 2A) o TR H RS BB K M (POO J OPO AbHR ) B, BikbHR iK% 43 bk ABA & A (LRI
HAR R 2, B SZ S8 BBk ABA 5 B I, S R X B B 1. 54 A5 1. 50 4%, L B R
THEMBESRI A ABA 8. Hmbk32K Wi, 3 rbkit A 9 ABA & 5 i B 3 i, E4% 53 Bk [A]
ABA ZTEILHEESR

BIOMRARR A ABA 2 BALR I S0 AL S (UL (18 2B) o 3T AR Z 7k 20 Hhid (POO 4b 3 )
I, 3R - ABA & BRI BE U n, o rb , B2 38 B IEARAR R ABA BB BK 355 88.43 ng-g™
BT (EARSRARAR R N ABA & B IR BE R OK, Do 0ot B B AK 2. 00 f5 (P <0.05) o iR 2 27K 43 38
(OPO AbFE) W, HBRAR R & B3 2 84. 51 ng-g™ - FW, JyXf B &5 B ¥ 1. 86 5 (P <0.05) , {HAHAB I AR I Jr
ABA & B INIEBEROR, Jyxd SR 1.90 45 (P <0.05) o Himbk3ZEK 538 (OOP A3 B, AR R
M ABA & BRI ARk, SRR ARAR R N ABA 5 B EIE I, XTI 1. 71 £ 1,90 £,
® HIRER] B

O EHRIRRR2
B EHRRR3
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Concentration of ABA/(ng-g™' )
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S
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T
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000 POO OPO 000 POO OPO OO0P
K4y 44 Water conditions K4y 44 Water conditions

Q
o

B2 FERMBRHRAILETHSETESHETF(A) SRR (B)ABA R E
Fig. 2 Concentrations of ABA in leaf (A) and root (B) of connected ramets of buffalograss under the homogeneous ( OOO) and the

heterogeneous water treatments (POO, OPO and OOP)

2.2.2  JKATIEXT TERE SR TAA & BN

BR3P FREET , TUbE R Wi 3 AN arik TAA & B RKF, S UK A R T IAA & 8 2 BE R
FEH(E 3) o MIEHRZ BIK AT E BT, SRR R RIAR R TAA 5 84y FIFE X3 B 59. 38% 1 47.05% (P <
0.05) , AHAR ik Sk TAA & B th 35 TR, (H Bk T BRI B2 e/, i e SR &R TAA & & 400 R = B
67.98% (& 3A) 5 51.38% (& 3B) (P <0.05) . MHtkZBK5rE B, Ak R SGm ik B TAA & &5
PR Z X R TAA &8 19 40. 32% 19. 72% 1 36. 66% , TiE bR & IAA S B FTHRIEER K, EZE 16. 83
ng-g “FW W%t TAA £ 81 20.37% . M4mHRZ KT, &R H ZARR A TAA & B30 250K
IR AELASZ i BRI F TAA S B RRIR /DN, K& B m THEB AR, AR A TAA & 8 MK E R &

B

A

mEfkH A R mERRIR AR
80 O HkMA R2 80 O HERIRRR2
8 kM R3 8 TR ERR3

il
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S
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S

S
(=3
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(=3
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IAAG &
Concentration of IAA/(ng-g™! i)

IAAG &
Concentration of IAA/(ng-g™! )

|[Ht—

(=3
(=3

ré IE NE
000 POO

000 POO OPO (00)34 OPO OO0P
K444 Water conditions K444k Water conditions

3 ARMRRASLETHFERESHKHF(A) SRR (B)IAA RE
Fig. 3 Concentrations of IAA in leaf (A) and root (B) of connected ramets of buffalograss under the homogeneous ( OOO) and the
heterogeneous water treatments (POO, OPO and OOP)
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K, AR TAA &8/ 26. 92% , & HRIR R N TAA & 2t 2 BUAH R M AR L AL, S ik | P AR BOE MRAR R
TAA B4y HIRE 5T HE TAA 47819 19.15% 20.55% F142.44% |
2.2.3 JKArMREXT TERE SR ABA/TAA 300

FER K 233058 T (000, % B8 , it i ABA/TAA ¥4b FHARAE, MAERTK 4T, ABA/TIAA 331
(P <0.05) (B 4) . MEMRSZ/K S EE R, FERRM R ABA/TAA EANNE BE B oK, %o BRI 2. 59 £i%, T AHSR
PRt R ABA/TAA BEHR /N, Xt BRI 1. 54 % (& 4A) ; 2 4R 32 3K 43 Joih 38 B, A8 <8 59 35 #R BT #k -
ABA/TAA 38 g B 37 B AR T P bk 5 T 4 3m ik 52 2K 2 3 i, 3 AN BRI - ABA/IAA ¥yt — 2Bt
o, 5 ERAHAR I AR - ABA/TAA 3R BE 5e /) o

B R ABA/TAA FER UK P B B &R = (P <0.05) (K 4B) o 2R RSZ/K 4 38 i, RRAR
R ABA/TAA TRFIE N, AR FK AR5 3. 79 45 AR TAHSR I AR R ABA/TAA ; 4 ¥R 3Z K 43 il Bf , o
PR SIEHRAR R ABA/IAA 7E[A—7K T, Bk Ttk ABA/IAA, LUEHRR 2 ABA/IAA BEIREK, Joxt IR [ 6. 42
5 5 MR Z Bk 4 a B, EARAR R ABA/TAA KB =8, 20 5. 74, T MR R ABA/IAA HEIER /N, B3
TR SGEMRIR R 1K) ABA/TAA(P <0.05)

8 8

ABA/TAA
~ =

(i8]

A

mERRRMR RL
O HAkr R R2
8 EHkMF R3

ABA/TAA

(=

~

(i8]

B

mEARIRERR]
O LR AR2
8 LB AR

I

POO OPO
K444k Water conditions

LI

000

B
000

POO
K444k Water conditions

4 FERMBRRASHRETHFERESIHRMF(A) SRR (B)ABA/ TAA T
Fig. 4 Value of ABA/IAA in leaf (A) and root (B) of connected ramets of buffalograss under the homogeneous ( OOO) and the
heterogeneous water treatments (POO, OPO and OOP)

OPO OOP OOP

3 i

KRN C R R R BT EE T A 0 HOEA R — E R BB R . XxutE Rt e Rk
Vi A B S ik — DR R SERE AR RN S S PR A 5 R SR S A RAT AN B A EZEEME ., REW
R, MR E B R A AR Z A BERAERDT . BRI R, A Sl % o wk i R
KA RIX R B AR A A TR A, AN S5 4F A SR 3 B (Lolium, perenne) ™" o TiA5 670 B 43 MR 1810 2% 2 6 T Y2 1T 4
BRI AR A T RIS RE W, A R 7E B A4 SR R AE FE BN T IZ B AR B AR A, 3 ELRA 1
TPEEHA £ UKD IREE, AHE SRS XS 32 18 2 AR 6 & R HE 48, 35X 5 0B e R AR A 4 D6 BF
FGER—FP BRI A 82% LU EARE RS ALY 2k, X UL bk e Rl b A B A 2
ST R AR B B AR R R BT TN

Y NTEECER , 0 ABA TAA S5 2 FE YA B35S, 48 2 K 2 e 1 58 M BB 2= (5 5 W i, ZE R A )
ERREE T TEAIEFEENOER . ABREEREY K REFE T, 210 2k AR SS 20k 4 I8 4R
K&K IAA SERHETRE, MR ABA SNSRI, X308, FORE bR BB R 7K 43 Jiih38 , Ik A
;A FRAR e B DATE B BB R EE , B E S 0 FRE R . AU B, 1AA Fl BA X R E RS KM T E
FEARERRIE] C A N faiiig BB A —E RS2 BRI T vk i ABA SR S5
PRIAVE 37 5K M5 itk R AEEAR R E Y s B 4h , A B9 BRI BA, S 1k A — 5 B 38 20 TR A 4/ S o 8 A 4
H B AR A EXEE A, ORI T M EEEES YR . B, HY IR
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R TAA f1 ABA 2 57T F RIS T REDEE R A B G 5 3h R A R, B RIE S B S0 TEE
e

YR RE1R R R AP RS BE, 7T 51" B R a1 e B B R A R R — R R R T

AAHBEENEM, IR R IR ABA AT R R AR T P EiaE™ . AMRK
Fﬁ,ﬁlﬁﬁ%fﬁ‘?,i‘7J<§3~Bj}1_§3~H€%‘)E1%*E€B§ﬂﬂE” Sta RAY B4 B R N, 5 BRI, %5 BRI TR ABA
SR, IAA & BN S ZERR, W, Rk ol DUS R SRR RS 8 , JF il i ABA 5 TAA S B7%
PR 52 38 S0 MR 5 , VR4 R 32 ol 8 FR) AR Bﬁ%?ﬁﬁﬁﬁéﬁ%ﬁ%ﬁiﬁiﬁrﬁlﬁ%iﬂ_ﬁ%‘ " CobA R
Y1, X SIE TR A VLY S M E VLA — B SR PIRIEN, T R ibans, MW R & B ABA LK
ABA/TAA HHLFRKE MY DL SRR AR K %%E’ﬁ%*ﬂﬂﬁqé SALIBFH T T, B AL
KA RIS AT, SRR P3RS T M3 3 AR A BAR R ABA/TAA 5% (000) B 42
(B 4) , UiBH , BR8] B 7 S B AR SR 538 B e s i A R AR A

SRR G RN RANERDE, ZZMESRE. Bk, A 0EHE P05 o iRiE A
[ A1 A B R S AR AR R S W R S8 2E 4L , LASE /R SERE /AR 8] A B S LR, AT A IR A SRR
TEREAE IR LA S R BT I BT B VR A KR Y M5 5 55 AL B A
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