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SAHEMSHRNEFHORER, L 6. Tr . Pn B, WUE, B8 /T ERESABEBE L RO THRAVEERBHRAEST,
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Physiological foundation for the differences of long-term water use efficiency among

Populus deltoides clones
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Abstract: In this study, an experiment was carried out in accordance with the randomized complete blocks design. There are six
replications in greenhouse between June 10" and August 20" in 2003. Four water treatments were designed. They were well-

watered condition, slight water stress, moderate water stress and severe water stress. The irrigation intervals were strictly
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controlled. Under well-watered treatment, the seeding of the tested clones was irrigated every two days. For the others, the
irrigation intervals were every three days, every four days and every five days respectively. However, the volumes of irrigated water
were same every time, i.e. 500ml. The 10 tested clones were derived from a cross between the female Populus deltoides Barir .
CV. ‘ Shanhaiguanensis’ and the male Populus deltoides Bartr. CI. ‘ Harvard, which were named J; ~ J;5. CK; and CK, were
Populus euramericana CV. ‘114/69° and Populus deltoides Barter CV. * Zhonglin 46’ , which perform well currently. The
following physiological parameters were examined, the long term water use efficiency ( WUE, ), photosynthetic parameters (net
photosynthetic rate (Pn), transpiration rate ( Tr), stomatal conductance { Gs), instantaneous water use efficiency ( WUE; ),
maximum photosynthetic rate ( Pmax) , light saturation point ( LSP), carboxylic efficiency (Ce)), stomatal properties ( stomatal
frequency, stomatal size, superior/inferior ratio) and root/shoot ratio. The comparison of physiological parameters among different
clones was studied under different water treatments. The interrelations between WUE; and photosynthetic parameters, stomatal
properties, root/shoot ratio were analyzed. The results showed that the WUE, differences were obvious among tested clones, and
the differences became greater along with the severer water stress. The WUE, differences of the tested clones under 4 water
treatments were consistent. The best clone was J,, and Js, J;, Jg, Jo were quite good. Some physiological parameters, such as
stomatal frequency, stomatal size, Gs, Tr, Pn and root/shoot ratio of J, et al were moderate, while the superior/inferior ratio,
Pmax, LSP, Ce of J, et al were higher than other clones. Higher Pmax, LSP, Ce implied that J, et al had strong
photosynthetic capacity. Moderate Gs, Tr, Pn revealed that J, et al not only had relatively higher WUE; but also had relatively
strong photosynthetic capacity. Moderate root/shoot ratio indicated that the photosynthetic products distribution was reasonable
among root and shoot, which resulted to enough root to ensuring water supply and at the same time more photosynthetic products
run up to canopy. The stomatal differences among tested clones might be a key factor which accounting for the photosynthetic
capacity differences and WUE,; differences, which ultimately induced to WUE, differences. The clones with moderate stomatal
frequency and stomatal size had suitable Gs, Tr, Pn, and relatively higher WUE,. The clones with large superior/inferior ratio
had strong photosynthetic capacity. The WUE, differences among tested clones were induced by a series of physiological
parameters, and higher WUE clones often had strong photosynthetic capacity, a comparatively higher WUE,; , and a satisfied root/
shoot ratio. For selecting higher WUE clones in breeding program, the co-operation of several physiological parameters should be
concerned more than the effect of a single physiological parameter.

Key words: Populus deltoids ; clones; long-term water use efficiency ( WUE, ); photosynthetic parameters; stoma properties;

root/shoot ratio

B Farquhar %" 8 45 & B/ ( Triticum aestivum ) 3P BI] WUE BHEER LUK, HES X TR AR
WUE BHEZFMBRREY, ERIERNIL, R WUE 2504 B EMPTREE AR B D,
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1 HE#IFE
1.1 KB E

REEFERLR2HRERENHT, BEWBEXRE, FRNXA, HENE2WBITH. BENEEH
BEEEHIAL ,6 ~ 8 A HER L4 9:00~11:00 THABOLIEAT PAR 4128 800pmol-m ™ ’s™' , B W CO, EEMLAR
K, 45 380pmol - mol ™, TLAFFR M 15R (ISR
1.2 B R

IR RN BE I TER , A AW B ( Populus deltoides Bartr. CI. ‘ Harvard’ ) , 8R4 1L X4
(Populus deltoides Bartr. CV. ‘ Shanhaiguanensis’ ), 3t 10 M EHR, RERN I, ~Joo LHATLR 7 &R 108 17
( Populus euramericana CV. ‘114/69° ) F1 5 Ak 46 #% ( Populus deltoides Bartr CV. ‘ Zhonglin 46°) R XM, wBE R
CK, .CK; o
1.3 i

THEREET 200344 8 1 HRTEBEMAED,ZH 30 cm, W 25 em, EFHFEIHER L0 5H). HY
Q4 Ext+(QB)BETR, BEFKERN20.20%, HEEER1.274gem™’. FEMREHELDAER
RUTERHF—-, BER | R, EXSTHKEHTFER, 6 A 10 HERIX 30 cm B FKBEKAK, Z8 A 20
B4HR, BARERAZSBIKAR,3E 4 NKSLE QR 4K, BRBEK 500ml; QFF iE, B
2 d %7K 500 ml; @ EE A, BE 3d BE/K 500 ml; QEEHE B8 4d Bk 500 ml, BAEBEEHR6H, BIK
VeK7E L 8:00~9:00 SER . BAKRKEGEIRET 4 MK AL BT K E R i+ {H 451 & 16500ml ,11500ml ,8200ml |
6700ml , 45 b 32 i + 48 7K Bt 4y BRHE7E F (B 4% K B9 90% ~ 70% .80% ~ 60% 70% ~50% 60% ~ 40% , 15
AHE 1 K, 7853 PRIE 57 43 BB
1.4 WEBBSFHE
141 K. 7B 208 ,EXSHAKNEARAS  BRAE—K,BE N, ALEEPMRES B R—A
BHERWE,FHTRE,EEF BB L#F, # Rkef %~ 7£ OLYMPUS BH-2 Bt ¥ B & T WEH
MR, TEMSEAESIE SLEH S ETREMBEL MENESHEE 5 M., HP, K1
FENE m’ REA L TRESKILEEZH, BRI o’ s KILEKH, EAFESILA/DIER, B4 pm,
1.4.2 XEEAMNE SATH,EEAELRBN T &M L BEAKIHKGE, EHEF XS HIEE PP-Systems
AFIEF=H CIRAS-2 RIEHE RN A AT HEEANIE, FIENEHE 9:00 ~11:00 Mo

(BT ESH AEFHMRBEAERRAKSLAETRHREGFEANREES, SRS BEHERKY
R ETEAS BN E, RAMOK R E M EBKE S 2 RIE, 55 b A o BE il 20 R ¥R K
B3 RME. BFOCHEE PAR ##| 75 800umolm *s™ ', S AKX AR = T, CO, ¥ K 4K 380umol -
mol ' A EREMASEEREFNEN. WENEBEXAGIFEHSEE: Pn.Tr.Gs . WUE,(Pn/Tr),

QR LR ERSEKMEEIAZEKESE 2 R, wa7 2R 0 e et K, AR IER € B ral
EetE,{(XMET WUE, EHBZFHIEER, B CK, (K, ), ], 50

()Y phZk REH PAR {EHK KN : 1800, 1500, 1200, 1000,900, 800,700, 600, 500, 400,300,200, 100,
80,60,40,20,0pmolm™*s™' o, F/DRIRIEHI R A NUBHN S LR CO, ¥R EHE 380umol-mol ' £/ , FIF R EFI K
SEREBREFHESH I MBI AR LSP R FGRE M & KiE6E A Pmax,

(4)CO, WM B2k F/MRMREHR S HAR Co, WE MK &%k, KK % :0,20,40,60,80,100,150,200,
250,300,400,450,550,650,750,850,950umol *mol ' PAR ¥E#{|7E 800umolm *s™' AR EFE MK KB ERER
IR B CO, WAL LA IH ELBEMARITHERLHE Ceo
1.4.3 KHASHMAME(WUE) 4516 A 10 BF8 A 20 B, BB KRBT HATMERE LT EDE
e, M ER AT & AR REKPEMNE AR 48R, IR G5, A RSP 105CHRE 0.5, 70CHEE
E AT AZ—HATRYXEHRE ABEENSRE KB RADEN BITHE, BABEEYERESRITEKE
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ZHWEH WUE, , BHLH mgoml ™',

1.4.4 HEL WBE\ESAN0HWEYBWEHE TS5 ETYRERZ LB IRE L
2 H#BRaW

2.1 KHAKGFABE WUE,

#1 8%, MK ERME WUE, ER TS, A—K2LET, EERE WUE, 2RE %, #—#
MEEHRERER MK RMET, LJ 8K, KK L, BRI CK CK Ty JJo Jo BEN 1135 i
A RBEEMET I, B0, HKHN 5 0o Js JenCK LB CK, J i Je , BEN I Jo s PEMHAT I, B0, K
H I Jo 3 BN L BERN L J o EERBEGT,BER L, HRH 15 Js 3, BER L J Jo . B E

H o BEMTRS,L, BEKIEMET WUE, BRBEAT, KK I 3, Js Jso
%1 AEAASLETEERE WUE, ERHSEILRE
Table 1 Multiple comparisons of WUE differences among different clones under different water treatments

Tk BEME b BER I8 HEMAE
TR Clones Well-watered Slight water stress Moderate Water stress Severe water stress
WUE, (mg:ml~') WUE, (mg*ml™") WUE, (mg-ml™") WUE, (mg*ml~')

CK, 2.13+0.12ABC 2.14+0.05B 1.75 + 0.16EF 1.65 + 0.07DE

CK, 2.24 + 0.09ABC 1.91 £0.07C 1.95 + 0.07DE 1.67 £+ 0.03DE

Ji 1.93 + 0.23BCD 1.91£0.07C 1.82+0.11EF 1.70+ 0.26CDE

1, 2.51£0.09A 2.63+0.09A 2.54+0.08A 2.58 +0.16A

I 2.18 £ 0.12ABC 2.18+0.04B 1.76 +0.11EF 1.78 + 0.09BCDE

A 2.25 £+ 0.11ABC 1.87 £0.06C 2.00 + 0.03CDE 1.82 + 0.12BCDE

Js 1.89 + 0.06CD 1.59 £ 0.03D 1.63+0.11FG 1.50 £ 0.05E

Js 2.17 £ 0.20ABC 1.78 £ 0.05CD 2.38+0.21AB 2.34+0.16AB

I 2.46 +0.10A 2.20+0.11B 2.24 + 0.08ABC 2.07 +0.18ABCD

Js 2.14 £ 0.09ABC 2.17+0.07B 2.18 + 0.04BCD 2.14 + 0.51ABCD

Js 2.33+0.08AB 2.19+0.07B 2.32+0.07AB 2.25+0.12ABC

Jio 1.63 +0.06D 1.32+0.09E 1.44+0.07G 0.77£0.14E

BI{E Means 2.15+0.08 1.99 + 0.06 2.00+0.09 1.86+0.12

*»BEILERE s BR, BEWKEN 0.0, RKRFEFBEREREFE ¢ test is used for multiple comparisons. Different letter indicate the variation

between clones are possibly significant at o <0.01
2.2 MEEASEK
2.2.1 BEEEEASE R2BEER,FEKIMERME, G Tr.Pn 2ETHES, WUE 2 LT85
Gs TREBERA, BEEMBETH G UMK 20%, TEEMET Pn AR HKEE 5%, Gs. T,
Pn W TREBEHEF R Gs > Tr> Pn(F£ 3),
H2HERNEER,AEKSLETRERBBENEESBLFEER. WUE, BH 1, .00, J I 8
Gs Tr Pn &b TR E,CK, .CK, RETHITHRE 6. Tr.Pn L THRAME/NE MY, WERSH
K& ,CK, B Gs.Tr.Pn 55,43 %1% 388 mmol-m *s™' ,6.79mmol*m s~ \18.3;Lmol'm'2s_l I, Bk 234
mmol*m™2s™"',5.28mmol*m ™ *s™' \15.9umol*m*s™' o HIAKPAET I, J 1 JsnJo B WUE, B &/, EXARES,
WUE, BE W Gs IRBTHR, W0 I Jwo
Gs 5 Tr . Pn TEAHE MR R E 4510 0.96 71 0.89, Gs 5 WUE, it , XA -0.70, Gs 5 Tr B#H
KEEKRT G 5 Pn BMHXYE, XWE G 5 WUE, fifIXRIRE,
2.2.2 BARMEEEF Pmax JEMAME LSP RN E Cc R4 8B, EEMBET CK, M CK, # Pmax.LSP &
o FFRAAEEK FEIE, 0 CK, EFEMET Pmax H19.1umol-m™*s™ ', K F T4k T AY 17.8pmol  m™*s™ ' ;CK,
T K 54T 800umol-m™?s™' BI BB M4 , T 72 H B a8 T 1200pmol - m™*s ™' A M BEMH . X ULBIM
AELZ-BEBKNRINSESE TEMEREE, TREEMNE R, KR5S BIE LU, THERE Pmax,
LSP.Ce TFTEER , AR MK MEE A THFMR, B WUE, & 1,1, J; B Pmax & .LSP & . Ce Ko
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22 FRAASLBTEMHRORHXSSHNNLER
Table 2 Comparisons of instantaneous photosynthetic parameters of tested clones under different water treatments

03 EHR Gs T Pn WUE;

Treatments Clones (mmol*m~2s"") (mmol*m~2s71) (pmol m=2s7!) ( umolCO, * mmol ~*H,0)

CK, 3886 6.79+0.23 18.320.5 2.78£0.1

CK, 36423 6.68+0.32 16.420.7 2.46+0.3

5 32127 6.46 +0.61 16.320.6 2.73£0.2

L 234+ 4 5.28 +0.25 15.9£0.5 3.01+0.3

A 2309 5.63+0.42 11.6+0.4 2.06+0.1

I 318+ 8 6.40 +0.65 13.520.3 2.11+0.4

TS BEAK Well-watered Js 142 £2 3.26+0.71 10.320.2 3.16£0.2

Ts 291+ 3 5.57+0.29 14.9£0.3 2.77+0.5

8 286+ 5 5.42£0.32 15.5£0.4 2.86+0.6

T 2244 5.18+0.54 15.2£0.6 2.93£0.1

% 274+ 6 5.32+0.62 15.520.7 2.91£0.3

Jo 181+ 3 3.65+0.55 11.3£0.5 3.10£0.2

BJ{H Means 2715 5.47 £0.43 14.6 £ 0.5 2.74+0.3

cK, 321210 6.06 +0.66 16.520.3 2.72+0.4

CK, 259£9 5.15+0.75 13.520.2 2.62£0.2

5 22748 5.63+0.23 14.2£0.4 2.520.1

% 174+ 6 3.67+0.36 14.620.5 3.98+0.4

I 947 1.69 + 0.43 7.820.5 4.62£0.3

. I 1539 3.74+0.71 10.7£0.4 1.80+0.2

S2REHHE Slight water stress s 1013 1.78 £ 0.65 8.2£0.3 4.6120.1

Ts 155+ 6 3.69+0.29 13.620.2 3.690.21

5, 151+ 5 3.78£0.19 12.9£0.1 3.41£0.19

Js 1589 3.82+0.33 13.8£0.6 3.61£0.13

% 1652 3.62+0.43 12.920.4 3.560.22

Jio 87+9 1.28 £ 0.65 6.4£0.2 5.00+0.32

H{E Means 170+ 8 3.66 40,49 12.120.4 3.50£0.19

cK, 90+ 11 3.23:0.22 99202 3.07%0.21

CK, 104 £ 13 3.75+0.34 8.720.3 2.32£0.23

5 66+ 12 2.56+0.17 8.8+0.3 3.44+0.18

I 689 2.58+0.21 11.3£0.2 4.38+0.17

I 46+ 10 1.68+0.34 8.5+0.5 5.06£0.21

. I 615 2.68 +0.27 8.8£0.2 3.28+0.31

BB Moderate stress Js 47:8 1.56 +0.53 8.3£0.6 5.32:0.22

Ts 66+5 2.71+0.26 10.6£0.2 3.91+0.19

5 68+8 2.68+0.19 11.1£0.3 4.14£0.30

Js 639 2.85+0.30 10.8+0.2 3.79+0.15

T 68+ 4 2.88+0.22 10.4£0.1 3.60£0.17

T 45+ 8 1.60 £ 0.15 8.5+0.6 5.31:0.14

¥ Means 66+9 2.56+0.23 9.6:0.4 3.97£0.20

cK, 63+4 2.01£0.32 8.020.5 3.98%0.18

CK, 85+3 2.63+0.44 7.9:0.3 3.000.19

5, 83+2 2.65+0.26 7.6£0.2 2.87£0.22

I 53:6 1.62+0.17 9.8+0.1 6.05+0.25

I 3445 0.95 + 0.41 6.1£0.3 6.42+0.27

. I 503 1.34£0.29 7.9£0.2 5.90+0.19

BBEHHE Severe water stross Is 39£7 1.02£0.11 6.9%0.5 6.76£0.23

Ts 51£3 1.570.32 8.6+0.3 5.48+0.18

5, 542 1.79£0.20 10.8+0.4 6.03+0.19

T 5245 1.32£0.35 8.1£0.1 6.14+0.18

% 534 1.54 +0.40 8.2+0.3 5.320.19

Jio 41%3 1.03£0.22 7.320.5 7.09+0.15

3J{E Means 55+5 1.62+0.31 8.1+0.3 5.42+0.18

2.3 SARESE

RSB AUERAILAFESREERAER. SEUREREXWA . ILFEL I, HX 470 A/mm’,
CK, /D 210 Nmm®,J, Jg Jp Jo SFLIRE 535128 436 A/mm® 383 4/mm’ \375 4N/mm’ 370 /mm’ . S LK Bl
A CK, B K 106.8um, F KK I, 89.4um.J; 87.2um J; 86.6um, J, Js . J, Js J, B FLEE /N4 81K 67.4um.
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76.3um, 65.4pm, 76.1pym, 67.6pym, KHERE £/ T
EERSIANEE LBFEER, L J 0 5 1 B £/
THEESAKEHHMAEL.OUELE, BHHF 1.42 (],),
H®H 1.13 (1), B1& R 0.54 (CK,), HK K 0.75
(J,).0.80 (J5). 0.83 (CK,).0.90 (J,,))%F. HEA[F
H, WUE, B I, Je 1, T 0o SALBE SAKHK

NEF,HE/TRESAKB K.
2.4 R

£3 FEKSLET Gs.Tr.Pn.WUE, ELIMBE LB %
Table 3 Compaﬁsons of Gs. Ir. Pn. WU, changed degree under

different water traments

Korab Gs Tr Pn WUE;
Water treatment (%) (%) (%) (%)
F 4K Well-watered 100 100 100 100
2 BB 38 Slight water stress 63 67 83 128
o B 3B Moderate water stress 24 47 66 145
H A Severe water stress 20 30 55 198

* PAFEAr4LsK R FUE The benchmark was well watered treatment

£4 TR EEMETEERYAWE CO, 1 ELH 2258

Table 4 Light and CO, response curve parameters of clones under well-watered and severe water stress treatments

Ko THR Pmax LSP Co
Treatments Clones (pmolm~?s~') (pmolm~?s~1')
CK, 17.8+0.12B > 1800 0.15+0.01B
CK, 16.3+0.15BC 800( I H) 0.10 £ 0.03C
Fo 47K Wall-watered I 20.1z0.13A > 1800 0.19 £ 0.02A
I 21.00.14A > 1800 0.18+0.01A
I 21.4:0.17A > 1800 0.16 + 0.03AB
CK, 19.1+0.11B > 1800 0.18 + 0.05AB
CK, 16.3 +0.20C 1200 & B &) 0.13+0.04C
FEE A Severe water stress I 20.1+0.15A > 1800 0.21 £0.03A
I 20.9+0.16A > 1800 0.19+0.02A
I 21.4+0.14A > 1800 0.17 £ 0.03AB

* AR EEMELET AL ERMERRERKEE LR FEURRA RE,  BEHEKE 0L ARFERFEREYE

The light response parameters were measured on second day after watering under well-watered and severe water treatments; ¢ test is used for multiple

comparisons. Different letter indicate the variation between clones are possibly significant at p<0.01

TR B E L Z 4TS R BR, Akt
BTITRELERARE  HEKSLBETRELER
BE HF—-FHNEZEURERRNEK 6. BEMWAT,
CK, FRELL B K, &/, URTF L, HELHER
ERFBEPERET BRCK S HEEERER
ABEEEMAT, EEREMELEFBK, CK,
LEBXKLLEMNAEERRZFABE. ZAUL
B, WUE, B8 1, J6 3, Js < Jo BORRSE L )& T b (8] £z
B RACMNEAEENRELL.

3 &5t

By LHERRB WUE, FIEER, 4 MKSLHET
1, Jo 0 T 0, R WUE, BIEMEHER. RHERME
SABTESHE EGSH MELBEEESR, L L.
3, Jo 1 MR FLBE (SFLK/N . Gs . Tr Ci\ P FIIRSE
HREFEEERPHLTFEPHWLE, HEMH L/
THEESAEBEHKX, Pmax B . LSP & . Ce Ko &L

%5 EHHKRUTERRISABESHMILE

Table 5 Comparisons of stomatal properties among different clones

under well-watered treatment

EITERE
Clones Superior/inferior
Stoma frequency of stoma ratio

CK, 365 + 34 DE 87.2+10.3 BC 0.54+0.07E
CK; 210+ 19 H 106.8+9.1 A 0.83+0.13 CD
I 335+ DEF 82.8+8.2 BC 1.05+0.14 BC
1% 436 + 26 AB 67.4+8.1D 1.13x0.11 B
I3 415 +20 BC 65.3£9.5D 0.92+0.08 BCD
Is 321+ 21 EF 890.4+9.3 B 0.75+0.09 DE
Js 288+ 13 F 87.2+8.7 BC 0.80+0.06 D
s 38310 CD 76.3+8.1 CD 1.03+0.09 BC
I, 47023 A 65.4+8.7D 1.42:0.08 A
g 375+ 17 CD 76.1+8.2 CD 1.03+0.03 BC
Jo 370+ 11 CD 67.6+9.3D 1.04 £0.06 BC
Jio 28311 G 86.6+0.0 BC 0.90+0.11 CD

*ZEHUREA RE, BEHKEIN, ARFRRFERE
% ¢ test is used for multiple comparisons. Different letter indicate the

variation between clones are possibly significant at p <0.01

H—BANTHESREMHERR, RENMEERE WUE, ZEREEH,

3.1 XEBH5 WUE,

KHAEERAREYERKEM, EARNBRNEERAVYRRE AR EFRIMNEFE Po. Pmax, Ce.
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LSP A BPMEARB, EAMBENFERGT EMASHANEIEREETFREILE, B A FEmw
HMESH A LRMEAARES PAR,BEIRARBEXET=EN I B, TURT R B REA HL
MRENER BB SAXSHIEERTEHAT THARNER, ERER ), WAXETEET K, XH
XHR R WUE, 2R M RER.

26 FRAAAUABETERRARTLEZRHSELE
Table 6 Multiple comparisons of root/shoot ratio differences among different clones under different water treatments

TR FAr K REbA B Jr 38 FEEMHA
Clones Well-watered Slight water stress Moderate water stress Severe water stress
CK, 0.214 £ 0.038 0.130+0.013 a 0.169+0.059 a 0.225+0.039 a
CcK; 0.201 £0.044 0.078 £ 0.022 abc 0.095 + 0.027 ab 0.107 £0.018 be
Ji 0.156+0.162 0.091 + 0.015 abc 0.114 £ 0.008 ab 0.096 + 0.015 be
I 0.162+0.016 0.057 £ 0.026 be 0.089 + 0.015 ab 0.086 +0.037 be
Js 0.156 £ 0.027 0.054£0.034 ¢ 0.056 + 0.030 ab 0.047£0.016 ¢
Ja 0.160 £ 0.016 0.079 + 0.016 abc 0.094 + 0.003 ab 0.076 £ 0.034 ¢
Js 0.168 £ 0.106 0.082 + 0.009 abc 0.097£0.017 ab 0.119+£0.032 be
Js 0.152 £ 0.064 0.089 + 0.022 abc 0.105 +0.039 ab 0.090 £ 0.038 be
¥ 0.110+0.013 0.090 + 0.048 abc 0.119+0.048 ab 0.103 £ 0.037 be
Js 0.131+£0.013 0.121 £ 0.031 ab 0.115+ 0.040 ab 0.119+0.033 be
Jo 0.170+0.017 0.118 + 0.040 abc 0.111 £ 0.061 ab 0.114 £0.025 be
Jio 0.170 £ 0.007 0.102 + 0.021 abc 0.112+0.021 ab 0.175+0.050 a

» ZENWBRA BRR.BEHKE0S, FARAFFERREREE ¢ test is used for multiple comparisons. Different letter indicate the variation

between clones are possibly significant at p<0.05

WUE, %F Pn/Tr, R BR CO, BER KM EERI . WUE, B, RUAKT 4, Z2BERBR, WE BF
MAERER G BEMEER, 0 I,.Jo , BEEMETF PR, L. WUE, Bk, BT G 5Tr WHXHEXRTF G 5
Pn B9HREYE, XA EEB AR RIER® Pn R BT, EFEBRM Tr BT RE, 1, J, FRMBX N RER, EMTH
Gs Tr.Ci Pn &F ,BERERIEB B WUE, XFREMRIEBRIIEEIER.

3.2 SILWIAESES WUE,

AN 3T 130 RIS C.C, . CAM B RHEP M F L/ TREKABBHATTHE, ERER:C HE
MERBEH L/ TRESAKE L, FEAMEY ERXFEILPFRASRIL, L/ TERESABEBE KRR C, FE
BAEKRAE,“BH. X BEER IANEHAERN AW ETRERASL, BLERS. A ETE
B ERAT ST VLA A B b F R BT R A AT A, G PR B B A SR, 1B R Bt T 25X T
FEREREBREREE BKBANER;), SLHRN L/ TERESILBB LK, HAXLER IR, A KR
L J . ERER L/ TRERB/D, HAXKARANE, EKEE.

SARM A AREHITEEM KRB EERE SIAWAABREREMASMEBHWEER
FoxateE TSN WUE BARTAEMBER, EREV MSLEAWHRE S, KFLBX, SKILHEA
BN, BA3HELE FE 2 Y2 ( Adenophora lobophylla Hong) F1 #3¥>2: ( Adenophora potaninii Korsh.) S FLIES
Bxt LR ST AR SR KFR SRR BB N —FRA, ROBEWRF, WUE, B 1,.JiJ, Ji
L, SALBE SILKBEF , ZHPENA-EHNREEN N, BAKS AT ANSE, A L/ TRERE
X, EARENR, XEHEBRLIH ], JJ, 3 J, WUE, BHIEHE,

3.3 RElks WUE,

BATMGEFNRRRENBAFENEEINS, KPURAMNBURRX/MESEY R ERFHE
W, EEE K HIR R I IR F o Passioura 5 H AR ERBRATFHAMRAT=YEAYFERERT
EYERMFE, kS EX WE SHRBELARMAREZA REMEYESH WUE RitWL %R, 2

« KB RTEXRAXNEYKSFARRE. 1832001
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KEBARMEREREREK WUE, S EHBRBELE N TRE WUE, RTEEER, 4 MKSLET, CK, #
REARKHREL, CK, A THARS WA HETWRTRANEK  BRIEEGENR, ERRERKERET
RKEHEETY, BRE WUE, A&, I, WRELEF , FHERFRBENAGEINREN, FRELHNLE
FORTHERNER B TEREERYRIHERN LG UNEERERBRY RN —2%, T UR WUE,
BE., EHAMKKRESTREN  ATRRAZENENREERL WA KBITRTREBRAAHE, B
HRERFRKBAET 2EEFFEREASHRALOBRRWETR 0 L BH =8, FRETWRE I
A M T BB KB K 5 F R

GESH , ASCAALHRE WUE, WEFE—RIIRFEFHNERESRHE S KB, B WUE, MLt
ARGRNE . WUE, B RELEF, SABESHHERTHREIBEERRELAEIM WUE, 0%
i, SABEMIAEFHEER K 6. Ir . Pr &P, ERIERER WUE, WA BERFBEROEEED, -
FITRESABBELHEERRERRNLEGR, Bl RAREEFH LEFTR WUE B EER,BRX
EENEBMSHE R BERIN, EN X T EBESEEHEER,
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