5 35 5 3 FEHXRLHFR Vol.35 No.3
2017 4 05 H Agricultural Research in the Arid Areas May 2017

X E 475 :1000-7601(2017)03-0144-07

doi: 10.7606/j.1issn. 1000-7601.2017.03.23

TEBEXNZTEERRESR =/
ZIA NTH, FEA

(HAAR R /B TS YA E RS, H 22 730070)

B OE: RAEHRTE,ART 5% 0 LM G KEA B ZEH AFEBIHAT 15 d o ih T F Mt xf
FIATHRERRAEKEFENRH., ERENA, 5L2EFNEFHAR(T5%) M, = T F Mg 4 58 4 (K
THEWTHRERE, o ST, B A 5 5 3 130T 4 R AR A2 BOR BT, 9 B8 T 2 28 A8 R 3
KETHFEAMS TRMEAEFNH T RANAEK, 2B T F M xR R £ K i 7 5 B A 5 B, 28 45 K
MEMBEEZRTLE ALEENEFRTHR, Z2ENTEHERRANRAANEEKERART, ERABSHE
FERBMHEE T AEAME; =AMy XA TREAVWDREELEK, BEKEHF £ T T RAME, o
B AMEROR M Z LB T E M B E 7 2 W3 1E A & oK, W IR 20.419% , ok 0 2 E 1, o xt R

1% 6.63% , o BT 2R T Y TR &,

REWR: GE; TEMERABS; TORE; ~ &

hESES: $529; 0945.79  XEKERERD: A

Effect of drought stress on root morphology and yield of pea

LU Ya-dan, GUO Li-zhuo, LI Chun-chun
( Gansu Agricultural University/ Gansu Provincial Key Lab of Arid Land Crop Science, Lanzhou, Gansu 730070, China)

Abstract: Pot experiments were conducted to study the effect of drought stress (55% relative water content for 15

days) on dry matter accumulation, root system growth and yield of pea, with three treatments for timing at branching

stage, budding stage and early flowering stage. The results showed that dry matter accumulation under three drought

treatments was significantly reduced compared with that under the normal water supply (75% ) during the whole growth

stages. Besides, root growth was also significantly inhibited by drought stress, and the inhibition caused by stress at

branching stage had hysteresis effect. Positive effect of re-watering on root growth was detected for drought stress at bud-

ding stage. Furthermore, all the three drought treatments inhibited the formation and growth of root nodules, and the

compensation was inadequate after re — watering. In addition, the inhibition effect of stress at early flowering period on

pea yield was the largest, with a reduction of 20.41% in comparison with that of CK, followed by budding stage

(6.63% reduction) , while that at branching stage was not significant.

Keywords: pea; drought stress; root morphology; dry matter; yield

KI5 R 2 A Ak o N I Y B2 A AR (]
AL, FE 294 A = A AP BT I, TR e
WSRO B o AR R VRO 43 1 RS
B YT R R R SR B, R
AR, (AR BT T A oL, A
AR STEILAS AR PSS T 1 A9 22 AR 4E R H I fiE
5412 AR RIS PR 360 1 o) B PR e
)RR R R T S R A S i 4E
e IKRREAEIRIZ P AR R A - xR
SRR M BT AR K

%5 B #A : 2016-03-09 &2 B #A :2017-02-20

60% ~ 70% 2 8] ik Lo A0 "L/ N A YR AR AR 8 K2 T
1T 60% IR AR HEE H B8 kR
K G35 AR T AR R R JE AR R F G
IKMIELE TR ZM R L, 7k T AMERON S
Y32 BN BE N AT 38 5 R K iR R — s i
P A KIS, BAMEAE R, TREKERRLE
FC Y RMEE RSN A T 7K RS K ARAE e e 1) 2B ) o ik
filt, T 524 T AR R A RHE B W 58 4 PR T A
oy,

Wi 5. ( Pisum sativum L. )VE R ANZEE WA 3415

EEWE : HilE TRASEY) 2 S S0 = — A T [ R S S = 5 S P 4 (GSCS - 2012 - 04)
TEF B SRIFH(1990—) , 2, B B N, AL 0P AR, W50 07 1) S A 5 S AR PRI BE o E-mail : 820283798 @ qq. com,,
WEEE SR, Lo, MRS FHA T, B2, RENFAE RS BARAET SIS . E-mail : guolz@ gsau. edu . cn,



FMEFYEE I X B G AR R IE S S B 145

SN REZY WA | Ut NI~y (2 7/ IS BN S R A i
RMERE, Bio T R AES REN R R P E
FEAEA, R P R SR
NSRS RTA ] TR (7 S IR 1T N1 et 78
IR, 52.5% B G A 7 KO IX s T2 o T2
Hi DX, 3B X F2 B2 DA R ARFE KR 3 7K 4 5 SRR R
B0 LR R AR L g R R e T
BT B AR R A A R R A R e, R] R
A X EL A KRR e R . T RE R
AR B8 AR ZR AR e B RIS SE, W0 20 T T
W52 K D3 s 254 T Tl B AR AR 2R A K A AR X M
RO AT TR R T SRR Rk LT S K
TR AR (i B 22 54 T R a S S K kY
A — R B G AN, B K A AR R AR ORI
i LA S TS R ) BB . ASBIF G ADLE Aot
FARRI , TR A W A S AT I 15 d
1) AR B 7K B 559% BT 5B , 350 18 B
X AR ZR B AR AR IR A 5 1 11 o 0 R B8R
DA R pi = 2 ) 7 i R AR RONE , DA R S i R T R
TELA RS, oA R R X 5 A K v R
P Re ) P HEEIR AR
L BRI
1.1 RIE# Rt

RIS T 2015 4F 4—7 HAEH R A K24 B F il
WIEAT, B RS R AF BT E . A EY R B
i 1 5 BHRE R ACCC16101(5] E o E AL AL 2F
BEA M A P TR P R o0 ) 5 At 3 b -
TIHEAEYFE R 9.62 g kg™ !, TIESE W 2ME
B3 0.589.0.636.15.502 g- kg™ + HEm# A
S 35. 087 mg - kg™ A B HRCBE | ACH 4 1 A
16.875.81.945 mg kg~ !,
1.2 A&

KRGS, 205 R oy T R ie . Rk
O3V 4 IR (DL SRS KB R ), 25 o TG
JiE (W, CK), 2T T IESKER 5% +
5% ; 43 BT E 46 W a (W), 2285 W1 01T 46 e
(Wy) , AEIET AT 46 Jolrae (W), J 6 300 1) 1) - 38 %
IR N 55% + 5% A a3k 15 d; B4 2R
w6 NER, AEH 30 em x 35 em (9 PVC 75k, 4
R LT -4 13 ke, 58 LR HOKUI . BAER
0.05 g-keg™ ', AR LIFENE ML XS RS G —IK
PERIA o SRR ERE R o, B Fh & 10 08 1AL
B 348, B n E O 10 BREE S, AR T 1A 4
TR EARBIT AP I PR E SR TRy o Bl
PIEEAR e R B AR E W T A ELRR K

SRR SN, e R R W 4 DR i — B Ko
1.3 WEHRMATE
1.3.1 AR AT RIFEEHR R RKZZ ik
T, PP UERTZEAR 2R TEICE 100 B 5 R AR 1k B
IR Rk o . TR R4 5391 R 48 (WinRhi-
70, Regent Instruments Canada Inc, Nepean, ON, USA) Xt
HAAT A . AR IR AR R O R 035 B HE A
WA 3 ~ 5 mL 7K Dk S fE R 0 S HOAH 9 5
5 5 % B WinRhizo Pro Vision 5.0a 23 #7277 %} &
BT TR B AR R RN MR ERAR R
(LN
1.3.2 RAZBRL FREZRALSRRG
FEAMLIE A FBRE T, 4328 (LA 2068 R (R ks 6
AR e By JCRORIE ) T PR
1.3.3 A%HF K LSRR T 105CT
AH0.5h,ZJFETI5C T 2EE, H 110000
B R PR
1.3.4 F87% WOREHTENEM, ICREHK
SERRNVEEIERLEL, R 5 I ™ o
1.3.5 MRBEGTHE  WERIEE(HD) . FRAEY) &
/3 EERAE R
1.4 HBELEBER SR

FIFH Excel 2010 J SPSS 17.0 #4744 kb # K
UE-LLIE

2 HPRE

2.1 FEBMEXNEEYEHZME

2.1.1 RRAAFHBFIHEREGH A N
K1 AfLAE Y, TS 45 T, Wy W, (AR T
I3 H CK B4 T 8.599% F1 10.28% , W, 5 CK [8]JG
BE 2R R B 0 T 5 A8 AN 5 i e 4 )
HRZ )T 5 B AR, A6 IE0) 01T 52 38 5% Ak 341 1)
RARERKIHER R TN, 2K, B2
I, W Hh 38 25 RO B IR CK AR T i 2 2
5, 2R Wy KA AR AMEE RN, 1T Wy B
TE S A R B S KA REAMEE il 38 X AR 2R T4 ST AR
SR X AR R T BT s e A R
TR TR/ s B2 KRR R MR R, 28 B
W, 5 CK [RGB E 225 ,W; 5 W, 4351 B 16 3254
5 CK (8] JC 8 3% 25 5 M FEAR 14. 91% 78 S 38
15.12% K Jo B 22 5, R 3il=AE T kb 2 I 45
M, TEIERR T 2 LA, AR R T A G TR
B, T B AR R B TR (R 1) (H AR G A K I Y
TR AR R A T — B P s, =
VAR X082 | DT 7 25 T ARG A AR R R MEAE .



146 TR X AR 535 4
2.1.2 FREAF T Fasti L3R5 T 4R /NI W3 FiT W, 5 CK (] ) 25 S RE BE RGN, 22 BH e 3

ARG Y TR B EEH T EE M T
YRR R (K 2), B 25 0, W,y W3 S Wy 43 1]
CK F#A% T 11.43% .11.36% F1 9.55% , 7 W i 3 it
[ L RV E R . RKIE , EAE IR, W,
W3 Wy A543 3 b CK AR T 10.51% . 13. 82% Fil

[ A AR, = Jihia Ab B A 7= A S MR, B
BIRAS I AME , HLAR B AR K 0 T 5 B X b 135
T AR SR P BN A RS R . A, 5
CK kb, Wi, W, 40 FEAT 4 5 BEAR T 8. 15% #0
13.95% , {H 51 L AL I BRI 45 /)N s W, 55 CK [R] i 4

15.16% , SAZE R L, W, 5 CK I p9 22 545 SR WA RR A 0 B4 05

035r1 a

E 2030} a ab : b
i.% 025F a a - § ]
=2 020} i Lo

N || \

N |
i X N & N Eﬁ N 333 &
Wl | Wl | W'&

wol owe [ w | owa [ ws
P 2111 B ek I} ) 6 56 49] JBp 3 33
4R B 4R
End of the End of the

Full-flowering stage
tress in budding stress in early
stage flowering stage

0.10

Maturity

End of the
stress in
branching stage

A= E I Growth stage
AR FE/NE FRERIRAE 0.05 KF 2R BE, N,
Note: Different lowercase letters in the same column mean significant differences at 0.05 level. The same as below.
1 FEBEXNZEERTERZME

Fig.1 Effect of drought stress on root biomass of pea
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Fig.2 Effect of drought stress on shoot biomass of pea
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Fig.3  Effect of drought stress on root length of pea
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Fig.4 Effect of drought stress on root surface area of pea
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Fig.5 Effect of drought stress on root diameter of pea
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Fig.6  Effect of drought stress on root volume of pea
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Fig.7  Effect of drought stress on nodulation status of pea
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Table 1 Effect of drought stress on yield and yield components of pea
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Note: Different letters in the same column mean significant differences among different treatments at 5% level.

BEEYAER S IEF K EYE K HERF 1 i)
PR RME 2T 1 B S R ME DL RN T 1B
AR, TR e KR K ME R — R B S
PELOL B B BEBROK AU A B B, 16 25 5 R
PIHER KRS, 2 KA BB — B (8] 5 4 g UL 4% 2]
XIEYI A R B I AMEAE T, BI T 5 38 5 52 /K0t
VEW A R AR BRAR AR AL g i ) S8 JS VR
ANTRIA T B T S 3 S KON B S R
Py IR R R MEAE 38 S AN T 2 5 L 6 e A0
R Joiy i 4 ) bR 4 5 SRR 1 R
SKJE 7 HE R R R BR AT, 38 45 R B, W, W
Lo Wy 73l e CK B T 11, 43% . 11. 36% FI
9.55% , BEALJERE T, W, Wy W, 41543 51t CK 1K
10.51% \13.82% 1 15.16% ; 1 I ]+ 52 Jip 381 %
AR TR B0 4 J R, s 45 RO HE CK RRAIR T
10.28% , MMl 2275 W1 T 5 kit J5 &2 7K 7™ A A MR
S AT, A TE S Ry A5 i A, A IR B T b
%, CK [ 15.12% , 43 R AL S0 30 1 2 a6
FERAA A T A M . K A L A
TR B K G IT AR R 32 T R0 B
R TR 25 M SR AR R (B A K S R AR
AR IS 891y W13 7\ N R ) ST B el AU B8
ATl A= T s 30 T S Pl ) 8 SR R TE S MR
AN, 75 I 55 A0 30 3 T S baa X AR R AR K
PRI A, Tl R 45 TR, Wiy AR AR R T AR
Iy HIEL CK AR T 16.29% F1 16.02% , W, FOHE 22 1
FURARAR TR 5 LG CK FEIR T 9.87% Fil 12.26% , H
eHRYE CK 25 AR, U2 BT 2 A
FEIH TR AR M A WIS T R e
FEAMG TR FR AR A K B SR X B
AR ZR R R EL A W S RO, FE M a8 45 SRR 5 K
M2 FARE, BRI, W, WARK ARREH
b CK I 12.11% .12.98% . ERIMZE B30,
TS Wan 5 5 K7 HE HMERUN R A AR Y, B ]
0 2 MUY B A R A . AR

TEFR R BN JE ™, (H i T s DI FEAE T
TP A RSN 38 R AN AME  (H R 36 )
TR AME S A M AR R C ST IR E
W, TR0k B0 45 AR R SRR A el 2 R
T S0 B T A JR ) S I A, IS T
R, XS Wenker 2! A A R — 3

GYRE R B AR TEWI Y T 5 30 35 g 2 T
Wi 24590 SRR A a3 BUI T R A IS KR AR
(R AMEAE BN, 2385 T RIAE SERT IR 2, FEAE IE %
W1, W, B BRI Ws W, 1K 30.48% .21.08%,
I, W, A5 EE Wi A 24.69% , X & 1 T2 ke 2
RIS A5 A K 118 S )0, i AR g 0t 14 i e
(R Es S, B A 52 e S ] T OB AR B A
K DL SRR B 0 B, 3 SO IR A0 2 AR ez
FIH ], FE— A TR T R A K2
RS SEROE SRAT A S SE N R =
St E G R B045 B AS [) A F BBTK 4y
JEp 3B AR Y B 59 AR K G TR — i I R AR
JRBCRR AT IR B S M X 5 AR 25 RAN ], 2%
2 B T D7 s R AR B 114 25 5 T B

AR AE B 4 52 SRR 7 B S AN [ B
LI R BRAML S W38 58 A 6, iR SEY A
KB 2450 MK G % 1 5 a7 78
W15 R T ISR, 1M 25 JE W T R MY
FEAIR T IEBORRLER, 3 S 25 R 1 77 i, X e ™ i
(IS T IR 120T AR B 2% SR 2 W, e st 34
R X6 5 &L i B e R R PR PR )
SRR A H AR T B R R, 227 T R
T REAIS TORLER S i, A8 S I T SR AE X g
i M R 2 7 A T AR, O R
MR, F CK FRAK T 20.41% , X 5 FATHT A
WrFgE sl A —3

2 % X #:
(1] & AP, 5K 0 AR KBS BUR SR B2 (0] o [ Bt



150

TR XAV BT

o535 &

[10]

[11]

[12]

[13]

EH4r,2006, (2):66-71.

BLE, R B U, TRE % TR T REEHRAIBEE
P B E KRR SR LT] . A2 252#4] , 2010,30(19) : 5140-5150.
Kato Y, Okami M. Root growth dynamics and stomatal behaviour of
rice ( Oryza sativa L.) grown under aerobic and flooded conditions
[J]. Field Crops Research, 2010, 117(1):9-17.

Songsri P, Jogloy S, Vorasoot N, et al. Root distribution of drought-
resistant peanut genotypes in response to drought[ J]. Journal of Agron-
omy and Crop Science, 2008,194(2):92-103.

Jongrungklanga N, Toomsana B, Vorasoota N, et al. Rooting traits of
peanut genotypes with different yield responses to pre-flowering drought
stress[ J]. Field Crops Research, 2011,120(2) :262-270.

Benjamin J G, Nielsen D C. Water deficit effects on root distribution
of soybean, field pea and chickpeal J]. Field Crops Research, 2006,
97(2/3) :248-253.

(7] Aedbfe 2441, 1992,7(4) : 1-8.
TR, JEINT FE BT, AF AN D 1 B EORAR R A K S
RO BRI R[] Al T R4 ,2009,25(10) : 1-6.
HER . TSR0 L E A B G AR R AR KNSR &R
Wi FIAME SN B FE [ D] 220 R Al K2 , 2008 .

RS, THE, BT TR R B E RS AR ],
Hbr el B4, 2008, (9) :52-53.

JEERA 32 /NR, T3 AR 7K 4375 kb A2 55 A MR 1
BRI . bRk 2248 , 2000, 19(3) :226-233.

PR, 2452 3. B T S A e i AL AT [ /b
OB, U P ERO R EROR M, 2012.
ik Y AR AE TS 30 X T R SR R
M RZME [T H R ARl K2 42,2015, 50(1) : 48-52.

XUPEE B A6, FBREE , 2 SO T K BETE 1 TR S AR 2R

[15]

[16]

(17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

MR M D] ARolk AR, 2012,28(3) £ 101-106.
AR SR, SRAH T, £SO AN IR 337K 3 3 X oK A KK
BB ] Al TREA1E, 2010,26(7) - 71-75.

BRI, TR, XV, 45 T B0 5 5K xR AE I 1o
DA MBS EM LT E AR R, 2013,46(11) ;
2386-2393.

[ISEVE IR TAVANE S0 I B (V=R S NIFAL e ce2 L o
E K B2 [T] . TR0 R R 22741k, 2009,39(2) - 183-188.
WIRE AEY)Z U S R AMEAE T (], Sl s 4 & B2
Ke%4R ,2007,20(4) : 106-109.

XUIESE, B ek, 45 25 18K 43 B I A 5 5 0 A A 4 A IR Y
(977K FI 24,2002, (6) :32-37.

EANM A IS T R I KR KR E A
KRB 1 5 (1] el T2 4, 2015, 31 (11)
150-155.

Wenkert W, Lemon W E, Sinclair T R. Leaf elongation an dturgor
pressure in field-grown soybean[ J]. Agron J, 1978,70:761-764.
S . K53 B X 28 5 (Vicia faba L. ) W R 7K 23 R G0 #5210
[J]. P4 BB 41, 2001,27(4) : 446-449 .

JEIFISE RS, T it , 45 ARIRR 1 T AR R e LR T A Pk 7Y
RS2 4 T 7 o 8 [0 2 Rk B 4, 2010, 38 (22) 2 11978-
11980,11983.

Cakir R. Effect of water stress at different development stages on veg-
etative and reproductive growth of com[J]. Field Crops Research,
2004,89(1):1-16.

FRBL TR, 52 P, 5F AL WK /N LAl B AR K
PRI T] . AEY AR, 2004,30(10) : 1031-1035.

AT 2R, BUK B AN A B I T S K A
SEOL T[] R ERE ,2006,25(3) :329-332.

(L% 137 1)

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

a8 mL R, E R Y AR I iE S (M ] e
o [l Ml HA AL, 2000, (7) 2 161-162.

IENE, VATV - SEEAR 3T, S5 BT SRAR AL A R RO T R £
T[] AR 24,2010, 24(1) : 160-165.

AL RIENS, N B AR RO E XA 1 S N KA )
ERALHB TR L] P E ARSI AR, 2008, 24(1) : 258-263.
TRz, RV, X AR L R 1 0 56 1 4 8 s 1 46
[J]. K R#,2001,20(3) : 177-182.

FETRSE , UNE, TRHEME, . DR GhABF2 SR (R T i
FAEFTRL] . T R ARBTSE, 2015,33(5) :90-95.

FEREF, 2 10, 3B, 55 NaCl a6 28 R4 1 M bR A= 1
LA )] PEILR 24, 2006,26(3) :455-461 .
Ashraf M, Foolad M R. Roles of glycine betaine and proline in im-
proving plant abiotic stress resistance[ J]. Environmental and Experi-
mental Botany, 2007,59:206-216.

Demral T, Turkan I. Comparative lipid peroxidation, antioxidant de-
fense systems and proline content inroots of two rice cultivars differing
salt tolerance [ J] .
53:247-257.
JET IR KT RN L 5E NSRS R R R A A P PR S
FPEOT ST PO B2, 2003, 36(11) £ 1378-1382.

Environmental and Experimental Botany, 2005,

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Z5 U XU, S, AR G R R R IR I R 2R A T
e B R IA T AR R N[ ] . BEE A4 , 2010, 19(1) : 79-86.
TEH &, IME SR, TR, %5 . NaCl o T 2 2 5401 MDA &
HEPEEWE MM GRS R[T]. EB¥IR,
2006,26(1):122-129.

VEA By 454 SOD 1Y 8 5% #E 8 [ T]. b 4 ol B2, 2008, 12
(3):69.

HO5L kR, Timss, 4 Ol AL A (SOD) 11 13 B
FEHERELT]. R B 34,2013, 15(5) :53-55.

ik K. AR ALY AL (SOD) KA ST Ut E )] . PSR A il
16 T.,2013(16) : 14-15.

HEE, T 4,%  Fi, . A ET SR bt
[J]. 53 THEY & T, 2015,13(11) : 2633-2646..

THERS, FAEH, CHR M, 55 2R x BR 230510 YR2 - 106
BVERSARS A 4R DO RIBL R AL 5 4015 5 haE 1
R[] VEP 43R ,2011,37(5) :876-881.

XUTEEED, #0T5 6, XU E W45 b 7 28 R X (SR R A S P FE
S5Hi R RN R E LR [T]. o E AR 2, 2015,48 (18):
3743-3756.

BUWA, ok WA, 55 T 7 24 R TR) RN A i M 25 A R
Mr1T] A 24, 2015,29(7) £ 1406-1418 .



