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(1. PUALRMBI R 2B, Mk 71210052, FHILRMBIE KR Blaf 240, % 712100)

A WFST T R0 X & TH2E (Malus hupehensis) KT ( Malus prunifolia) #2227k J14589 S He PV ik S8 , 5 E
B 51522 Mok a3 %) 2 FERal AR TE T 4R - 3 AL BRI ) -5 (PV) BRI 150, 31 5 e 4
(HPFM) , U5 - B FZS R TR R K 14540, 255 3R . B /K 43 et i n a7 B EAS A7 AR 3R Sk 3R AR & Lok
MR KR B FEE BK S FIEE BT R T, P B A R i L S K 3R 43 i R kAR R i B Sk R
95% 1 92% , - B FH AR R 25 b T K R AT B TR R 25 L K1Y 52% M 62% , kT 51 B BT AH LU ZEAR R 25 Lt SOk 3R
MRZRM KR LBt s, R T 84 P EUKE I E A B 1EZ FHH], SUE AR R SR M BIREL, 4kimi 33 T
b BB SRS AZ B T S TS P BRI EE T RE LA TR K AL AR 1 SR R R AR T R B . 7E 2 Aok
SEAETT T BIRIIG B RE B I BB B3 (™) TS KBS BB (™ ) WILR FRE S B B AU AR ST /K & 5 (RWC™) WL
JRBE 53 B A AR XTI K B i (ROWC™) 20 ZUAH L B AR St PR AL Bt (&) (5 1 (2 M L e 3 b T B Ik OF, Rk & i
(Va) (EAMER KT, XF PV Ik oS b A7 35 8 R Zs A VA 45 1 A A (B AT K T B RIS, F B B SRR T =2 1] b
H2E 5 AN, FEIE BOK 3 FVER BE T 520 10 M AT i B s i AR WS O TP B IS . PV ITZR K 73 2 BRI SE R AR AR R Y
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The response of pressure volume curve water parameters and root system

hydraulic architecture of two apple rootstocks to drought stress
ZHANG Linsen" ", ZHANG Haiting’, HU Jingjiang’, QUAN Jing', XU Shengrong’, HAN Mingyu',
MA Fengwang'

1 College of Horticulture, Northwest Agriculture and Forestry University, Yangling 712100, China
2 College of Life Science, Northwest Agriculture and Forestry University, Yangling 712100, China

Abstract: Water deficit is a growing problem affecting the production of high quality apple fruit in many different parts of
the world, including the northwestern region of the Loess Plateau of China. The use of genetically drought-resistant
rootstocks is a promising water-saving practice in these apple-producing regions. To understand the mechanisms of water
absorption and to better evaluate drought-resistant apple rootstocks, research on the relationship between hydraulic

conductance, aquaporins, and osmosis adjustment in apple rootstocks during water stress is critical. In this study, we
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measured the effects of water deficit on hydraulic architecture and pressure-volume curve parameters of Malus hupehensis
‘ Pingyitiancha’ and M. prunifolia ‘ Qiuzi’ . Experiments were carried out on both rootstocks using two different treatment
regimes; a suitable soil moisture treatment with soil water at 70% —75% of field capacity, and a drought stress treatment
with soil water at 40% —45% of field capacity. Root hydraulic conductance was determined from mercuric chloride-
mercaptoethanol immersion treatments, which trigger reversible inhibition of aquaporins, using a high-pressure flow meter
(HPFM). Gas exchange was measured with a CIRAS-2 portable photosynthesis system. A pressure-volume curve was
constructed from parameters obtained using a Model-1000 PMS pressure chamber. Hydraulic conductance, leaf area specific
conductance, and sapwood area specific conductance in roots of M. hupehensis and M. prunifolia decreased when subjected
to drought stress. Under conditions of suitable soil moisture, leaf area specific conductance and root sapwood area specific
conductance for M. hupehensis were 95% and 52% , respectively, of those obtained for M. prunifolia; under severe drought
conditions, these values were 92% and 62% of M. prunifolia measurements. Malus prunifolia had higher leaf area specific
conductance and root sapwood area specific conductance than M. hupehensis. Drought stress can reduce aquaporin activity,
thus decreasing root hydraulic conductance and subsequently affecting net photosynthetic rate, transpiration, stomatal
conductance, and intercellular CO, concentration of aerial parts. Therefore, to resist water stress under severe drought, M.
prunifolia may be able to express higher levels of aquaporins than M. hupehensis. Under both treatment conditions, osmotic
potential at turgor loss point (5" ), osmotic potential at saturated point (is™ ), relative water content at turgor loss point
(RWC™) , relative osmotic water content at turgor loss point (ROWC™) and maximum bulk elastic modulus (& ') were
higher in M. hupehensis than in M. prunifolia, whereas bound water content ( Va) was higher in M. prunifolia.
Comprehensive evaluation of pressure-volume curve parameters using subordinate function analysis revealed that the average
value of the subordinate function (A) of M. prunifolia was larger than that of M. hupehensis; however, the slope (b) of the
linear regression line between turgor pressure and leaf water content did not significantly differ between M. prunifolia and
M. hupehensis. These results show that under both conditions, M. prunifolia employed a better water-use strategy than M.
hupehensis. Both rootstock varieties were able to respond to changing environmental conditions by adjusting pressure-volume
curve parameters and hydraulic architecture. Investigation of pressure-volume curve parameters revealed that M. prunifolia

had a greater ability to maintain turgor and was more drought resistant than M. hupehensis.

Key Words: root system; hydraulic architecture; pressure-volume curve; Malus hupehensis; Malus prunifolia
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PV A YT RIS 0 B 2T B TR AR TR AR B F A H T S i 98 Th R R TR 223 45
B PV HIZR ARSI A ARG YA FEM G PEAT T 09T, N2 07 1T B3R T A (B LB S B R AR

http ; //www. ecologica. cn



3326 JAE = 33 %

VERSERA o 2 B ARG, 25 A R Lu A LAY ) SR AE R, B N b 25 B B — A ) 48 L AN R i e R
(PR FRE 5 AR K G54 5 TR T RS AR R v R A (HPFMY) |, 43 A1 1 52 Jh i %o 32 R
AFEREAZE R KGEE & SRR SRR Z A6 R LGERRGA PV #h £k K0S 807 i (I 7T it A DLARE
XA E K 3 26T 2 RS AR RK T 45H9F0 PV il Ze S 85 7K 38 38 2 0 0 R 2L 3 A A o ok B e
YRR K 1458 A PV MRS EE T 2Bk I 5, S0 0038 PR A2 6, PO RS [R] 7K 3 4 3T 3 21
i AR IR K S 254 PV 2 SECB AL ALEE , R BT R RGN EF P SR AR RS AR
1 #R5H%
1.1 XU E] e

I T 2011 4F 3 H 2 8 HFERR TS 5 B A2 H 7 b B AR A 75 9 i ] 7 38 W9 4 v £ 47 (N 34°187E
108°04", V4K 543 m) , @ B 7 2= XU IR AU X,
1.2 MR A

2011 4F 3 A A0, S HL 1 AF AR X 80U A °F & I AS [ Malus hupehensis ( Pamp) Rehd. | F14T 5 B #fk+
[ Malus prunifolia (Willd) Borkh. ], #ZFTFHUE R 45 cm x 30 em BERME: KA, M 1 bk, B+
SRy 38 WA BRI S FE B 0—20 em BRI L . H3EFH 50% £ 5 R AT R IR 1 21000 BC RS TN R, +
SRR 1:1 W HL RS (HERRK BN 28.4% ) o BRARAREEFR 1 15 ko A HEMIAR A AY 38 M 76 B> SR
FRRHRET 3 AS/NFL(T emx1 em) , AFEFT K S48 B 1 438K ol i R 28 &, 7EAm B4 ZE 45 em X 40 cm
Y SRS A A SN A SOGRR, B 1k S8R B . AR E b e R HK S i
1.3 5t

KATREBRAE T A FAIHEAT 8 AW TS, RIS 2 KT - BIAE FLZK 43 ( Control , 3 7K IX. 8] 4y H 1]
KK 70% —75% ) ; HE T 5 ( Treatment , HE /K DX [H] 2 HI 17K £ 1) 409% —45% ) ,2 AR 3 4 AS4b 3
FAEE 7 AR HLHES
1.4 50T
1.4.1 F/KR HRKE

FEE Dynamax 23 7] 42 7= 14 8 HE LAY (high pressure flow meter, HPFM ) #£47 H 6] 54l &2 ., HPFM il
FE T ) L3R B ADIA 3—7 kPa, WHAEW A SUHATHE SRR 238 1 3 K2 500 kPa B, MR 48 25 730K it 2 A1 s 77 B
ik TR A9 A8 A G 2R | BN AR ) P BEL 7 R 7K SR B s ] R A8 400G 2 2R RPRRR FoKkoR ) B 5 e ) 22 4]
B HCAE, 76D AR 2R AR B B RS AT U A B S em Z247 FHOT R D0, D1E S DLV ER R 5
IKF(K soil-stem) , MR FR I G FHR AR TR G HEFAT LA (K, root) , R R ZE L FHRNRRFAKEEZE
TR A AR Y HS{E(Kh root )
1.4.2 FMR(MC) K B-#idk 415 ( B-ME) Zb#f

3 35 O B Rk S K o3 A B 3 B AR R A TR AR B (1) 50 pmol/L MC AbFAR & 20
min; (2) 100 wmol/L MC AZbFRHR Z2 20 min; (3)500 wmol/L B-ME AbHRZHTH MR Z5 20 min; (4) 1000 pmol/L B-
ME - PEL AR R 20 ming (5) %6 (1) Ab3, #5050 1 (3) B0 (4) SEATIRSZ PEAL BRAR 28 20 min; (6) SEH1(2) 4b
FHLFEA A (3) 80 (4) ST E AL EEAR 2R 20 min,
1.4.3 PV i

T 8 AWPE I ET AR 10 em KA T4, SERIH T 0 2 —H P RFFREEE , SRIE R S0 A%
KB, BT B AT, A K 24 h, U B H A0 Fn i 5 7 BB A SE [ PMS A R AR R
MODEL-1000 £ /1%, | Hammel """ 353647 PV th£k i, thF PV iR B P4 ™" 43 b 3 2 e %
1—2 DRERHEATINGE . THREARIAG BRE 7 B R O B (BB 3 (ps™) MRS KB BB (ps™)  WIUR T
BEO B A O B AR XS /K B (RWC™ ) FIAR X8 B 7K & /e (ROWC™)  ZH SN0 L s R s e R i (&) R4l
KGR (Va ) JEEREM 7K ET B s 1 B2 RN b B KrS 50, I ISR eR U 1543 B 45 K

http ; //www. ecologica. cn



11 SRARRR A RS R A AR R K T 450 B PV ek 702 00 1 53 i i i 3327

Oy SH NHEN IR T I AR I AT LR A0 . SR FH R JE s A 0N
X, = X
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1.4.4 AR SS B g 0

FH2E [ LICOR 28 74 7= 1 Li-3000 M AL FIHE E PP-systems 23 74 72 Y Ciras-2 8 4 2564150 51 E
AT TE R SRS 3 A I
1.4.5 Fdior

K SPSS17. 0 Geit o3 Bk A5t A B s dE A T A B, 1 S X AN [ A BRI 647 07 22 0 #r , 25 57 W 3, ik
— i T LSD ZH L, KA SigmaPlot10. 0 #A71ER
2 HERROSH
2.1 KATHF B ISP AR R K 45 p AR 1L

FEAK G377 BB B TS AR AR R K R AN L Rk IR R 2B Sk RNk | PR, EET5
CINDR GRS & N /G 05 D 1 PR T N e B 11 Py D1 G e O W2 STE N R o 8 o [
R HK AT R 50% F157% o 3G KA BRI R SKER TR R KR (HREERE
FREEUT, FEMIARAR SACREGH LB /N, BE T2 UL SEUR &0 SRR T, K5
Ab PR [B) 22 5 4 2, L rP o7 B RIS FORK T8 2R 8 R AR R i bR KR e A Al K A SR TR Y 78 %
F180% , i E/KAT A THRFMT T EFIAR R KRN TR R LSRR T B AR R et
Fb S KR4 AR AR R I HE KR A 95% Al 92% , TEFE T 50T DL EUR RZE L /KR R, K oAb
[i1] 2 5 1 4, HC e o (2 B SRR 76 3 B e AR 2R 25 H /K OR 43 B SR B K 43254 1 60% i1 50%
I EK S A BT R A TR E RIS R 2L SRR N TR R 2L LR ACR P BRI R 22 S KR
SRR R ZE KR A 52% M1 62% |,

lu’ijkzl_

R1 KRS THRI T EMEMMF KN ERBIRNE

Table 1 Effect of water deficit on hydraulic architecture of Malus hupehensis and Malus prunifolia

TEEK ST (T REEK R 70% —T75% ) T (HFERK R 40% —45% )
Sok% Suitable soil water (70% —75% FC) Water stress (40% —45% FC)
Hydraulic conductance SE&E s e & s T
M. hupehensis M. prunifolia M. hupehensis M. prunifolia
WRFKEK root /(K, 1070 xkg-MPa™l-s7!) 3.51a 3.25a 1.76b 1.84b
MWAEMHSIKF K, root/ (K, 10°xkg-MPa™s-m2) 54.01a 56.92a 41.97b 45.74b
MWAEZEHFIKEK, root/ (K, , kg:MPa™l-s7"em™2) 0.89b 1.71a 0.53¢ 0.85b

NG FRIIR P<0.05 K, B —F7 A5 A HT IR 7 PR 622 5

2.2 JKIEIEE FHIHI (MC) FZmEIFR (B-ME ) A FE R A9 & FH A AR Sk Rk As 1k

F 2 WLLF Yl KA, 283 50 1100 pmol/L MC AbFRJE | - & B 25 R 2R S /K 3R 5% BEAH R &
T 49% F155% Wk FHIMR R AR ST IEAH L R BE T 26% Fl 41% ;)5 33 500 F11000 pwmol/LB-ME 4b B,
& TS AR R G CR S RIAN AR IR T 6% —32% BT 1A 22 K S S5l BAH R & T 119% —
31% . JEHETFEF, 253 50 #1100 wmol/L MC AbHJ5 , - B F AR R KBS A L FFET 16% 1
26% Wk T-HYR R KR 5T HRA L T RE T 16% 1 30% ; BEJ5 3 500 11000 wmol/LB-ME AbFH | S (2 FH 28
FIAR 2R KBS AL PEAH LR E T 6% —30% , kT B AR R FACR S 6 AL BEAH LK E T 9% —38% , W]
DAFSAN, MC ¥ B =7, /KB 2 2 I 2 iR SAOR R R 2 ; B-ME ¥ BE R =7 AR R Gk ek &2
Z ARSEEWE , fE TR, Wi v gE &5 R T/KEE R AT N, TR R F/OR TR,
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F2 KBEFREMAFMEMEF N EEHFMMFRAESKEHZ M
Table 2  Effect of inhibitor and exhibitor of Aquaporins on hydraulic conductance of Malus hupehensis and Malus prunifolia
7K Hydraulic conductance/ (107®xkg-MPa™ -s™")

& FK Sy (H R 70% —T75% ) T (KR 40% —45% )

AEFE Treatments Suitable soil water (70% —75% FC) Water stress (40% —45% FC)
- AR ¥ RAEEIPS ¥

M. hupehensis M. prunifolia M. hupehensis M. prunifolia
X HE CK 3.51a 3.25ab 1.76de 1.84d
50 wmol/L MC 1.79de 2.40b 1.48e 1.55e
500 wmol/LB-ME 3.65a 3.31a 1.78de 1.81d
50 wmol/L MC+ 500 wmol/L B-ME 2.0lc 2.66b 1.57e 1.70de
50 wmol/L MC+ 1000 wmol/LB-ME 2.93b 2.70b 1.62de 1.75de
100 pmol/L MC 1.58e 1.93d 1.30e 1.28e
1000 pmol/L B-ME 3.43a 3.24ab 1.73de 1.89d
100 wmol/L MC+ 500 wmol/L B-ME 1.97¢ 2.31be 1.52e 1.65de
100 wmol/L MC+ 1000 wmol/L B-ME 2.72b 2.54b 1.69de 1.76de

MC; 544k ; B-ME ; B-Fi £ 2 1

2.3 KAy B B AP SRS S R TR

K1 R FEEH T 5T P E Rt E HR 2R AL 50 AR LY W R R, M
] CO, V&5 XF BEAH L th B R R, Horp P BRI A 1o A iR 28 B dR AL S M) Co, YR IE 5% IR
FHLE A NI T 71% \82% \94% 41% ; WkF It G R 28R LS MlE) CO, Wk B 5 X) UAH Lk
T RET 66% 80% 85% 54% , FE/“E T2 FEFEAARKF MGG HE R FME co, EHHIT
W, AT AR BTG-S SR A e i A ALBR W5 7

20 .6
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Fig.1 Effect of water deficit on leaf gas exchange of Malus hupehensis and Malus prunifolia

2.4 KO THRFEEFHERIET PV K 0SB P Rk g

73 R U EE T, P B EE AT 09 s AR T R, S5 IR A 0 R R T 27% F113% , Ui
BT S0 N AR AR R AR AR B TR, TR TP E AR 1 s 50 B A R R T
18% Fl1 10% , 168 B T BT ys™ AR, HARRE BRI R B I AR Z BT Raysgm, TRIET
-2 R R 20 P 52 815 0 5 A 35, Bl s~ AR T BB A I AR, HE TR TP E AR
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FIBT 9 RWC™ 53 BEAH HE 2051 B R T 16% Fil 16% , F & HE A8 AT 59 ROWC™ 55 %6 BEAH He 2030 F I T
8% F120% , FEFEE T 0, -5 EHZS AT 19 Va ARISAE 390, 34185090 7% 1 1% , EJE 5T
A1 & 5 X6 B LU A3 3 TR T 6% Fi1 20% , 2R WTH BRAE S /K 73 b 30 B 2 i A5 28] 1 3G, T BECRD
TR B AT b B S, 4 & FH R AT IR AR R B 128 & i TS 219 A {8 A
SISk BRI BT A R AT A (EEEE TR 6. 14 551 2. 45 175,

£3 TEHENMF R SHRTHKRSSH

Table 3 Water parameters of Malus hupehensis and Malus prunifolia under water deficit

HIUf T BE

FIRRBTRE AR WIRRRTEE HLgp )
. s} 8 e % JEBEN
b - shontty wtes st PR enk ke MR g
: BB EH MRS E P = [y . PREL(H
Treatments Rootstock | ‘ ! TR , b{H
ys v RWEE powen % © Slope b 4
/MPa /MPa /% /MPa P
/%
T FK 43 (R K TFE A
-1, -1 .93 ) . . ) )
W 0% —75% ) M. hupelensis 1.52 1.14 83.9 72.11 39.63 7.47 0.84 0.14
Suitable soil water W
(0% —75% FC) M. prunifoia 1.87 1.16 70.13 66.53 40.57 7.02 0.88 0.86
F5E(HAEE TFE A
-1.93 -1 ) : . ) }
KR 40% —45% ) M. hupehensis 1.9 1.34 74.09 62.56 42.24 5.87 0.87 0.29
Water strss s -2.12 -1.28 62.49 49.74 40.90 4.69 0. 84 0.71

(40% —45% FC) M. prunifolia

5" ; osmotic potential at turgor loss point; s ; osmotic potential at saturated point; RWC' ; relative water content at turgor loss point; ROWC'
relative osmotic water content at turgor loss point; Va:boundwater content; &’ ;maximumbulk elastic modulus; b value, slope b value in line regress between

turgor pressure and leaf water potential; A average value of subordinate function

3 g

FARRFIR B R ZE BOK -5 7 8 i 225 BN R B 09 LUAEL, Sk ABOR, oK RE T M, L &
AR W N B ) oy & S ek BN S AN WTRSAR S DR RV SR s o & S NI R DR SRV TRAR TN
REJIsR S A KA IME AN EE O B RS AR R KR R R I L KR R R 2 SR
Plb S AT RLREARAR AR B K T G R ARAE  (ER AR5 (2 BH A AH LU AEAR 2R 28 L oK SRR 2 i L F ok
R MBI, N7 —E R b AR TRIR A KO I TR, A0 R T R 2
ST B R T AR AR TR AR I H KR R AR ZEH KR B>, (R AT B R 2R K
SRR ZR M oK A5 B2 RHERAR B BE T 8800 A0k B 7 Pt PRI B4 S5 A T AR 7K 73 B RO A 1)
SEI ST MR AP, B R 23 B A R, DS AR FI SR RAE TS B K SR

Stedule' " 4 i1, P38 2> FBUEPIAR R FIKF M FEAR , Togenetti ) 45 A 7K 54k FL i ] 5 B A 4y # B 5
RBL, Gead T AL BRSSO ELHOR SRRt AR 28 4L, M2 B R
I3 N REAE A 22 Bl SE S, 67K 3 235K T TR A JB AT K 35 I, A8 PNk T 38, AR B e 2K 3R e
85 o ARZR AT LU S LK 3 R BRI 8 B RE Ty, dd i 5 R ABA BU AL OCHAT , [R] I A JB A0 7 A= <
FOIFG AR T, AR 1A A S oK B 0980555 , IATIT R 7K 431800k, 3k B ARK ¥ F Y™, ok e n] LA 7KGE T 2R
F L TRT A e R S 4 45 SR AN ) /K 3 £ 5 AR TG 1, B-ME AT LR R Ak 53 o3 5 S5 o 590 o /K 3l 1 2
(VP T, SHe Mk S AR 2 200 D 380 0 049 7K 43 3k, DA T K SR ARL 2 S Kk 3222530 g g Kl il 1 0 M K S A
520, Lovisolo AFFFT & BRI 5 (1% 3 25 it Pl EL A B = 119 240 - 40 L =2 ] i A (49 7K 38 i , 3 € WA 532 o )
e LA B2 KALEABER S HAKSE, Z5d MC PG |, F B 5 A S KOCR BT B A 5 K AR L
JE EJRAE Y H AR, Z2id MC ORI B-ME AR5 AT /K SR B B R EAT B R A AR R 3, X B ™ o+
RIS S TR L R S SN Py ] A i S WS DN Y 1 e S ESus o 13N i I e ) SE R BURO R SR P S
Ik~ 7K A 5 1A 00 74 550 0 25 0 0 50 Ak BT LUK B P &2 2 AR 7 15 K 70 A58 R 2547 100 pmol/ 1L 5
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FETRANHL T 1 FACR 5 P R T 1) FoKORAE R — B K | 3 18I K 43 ol B 2 EH 2R AR TR R
SRR B AR B R 22— | n RE R PR R 7Kl T8 2R 32 80 T T 5099l S0l kG 18 8 0 P R, i —
A AT DLIE A 58 T K T A A SR DR s A M N SR I R T AR R Sk R 22 R 5 R K FACRM)
FE AR R A A Rl AR R BRI 2 B ik it . 787 B RIS k™ 5 T 5, Hdoh 6 iR 281
R SILTEE M Co, REXH I T R, AKARanE e AR Z 2RI, F 5 S SRR E
HE

Y A B BEE WA BN 5 A B BB T8 N PR AL . s™ s™ L RWC™ ROWC™ Va b %5 PV £k
K SHECEG Y A AERERE W RE 1A O, o (BB R 3R P 40 B B s Pl . A ZUE /KRR, sk 2
ZUHAR PR S AR 3 K A R PV ik S8R 28 1k, R BLT 4 568 38 55 04 B AR i
R PR EH AT PV LK S BT L B, T E T R A B R B R AT PV 2Rk 4
SHEGERA T BT — 2@ AR, I s™ s . RWC™ , ROWC™ &' {5 5 B & A AH
FEAS AL F AR, Va (AR R K, RIS PV 287K 43 S 500047 S 388 eR 80 B 28 5 40 W A5 i k7
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EPER I 5, AEE EK A RN BT R AR TR A (R TR AR A 8, 28 WM 7E L R 4 R 5
17 EP- B RIS R, (AR RS BRI E T RAM T PR T2 0 b (AR A B, PV il
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