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FEE . WIFOKS Wan XAy 458 DR 5 2N A 1 6 A A KORH O A8 3848 BR B 52 0, R R A 200 el 2 B o 0
R H RS IR 5%, R 72 bR AT H 1, D 1E F K (CK) LA B 7K 43 3l (5% PEG-6000),
DR-M) FIEE B 7K 43338 (10% PEG-6000, DR-S) Ab3H T 2 IR 41 ¥ A4k =i L 250 AR 5 b 79 1% (MDA ) & i &4k
Y ALEG (SOD) 1P 3 LB (POD) It JEGSE MR R IOLSHN b, 45 R T, Ko Wi 52 1l
THEINGE AR AAHES 17 d,5 CK AL, DR-M Ab P R &5 A1 8. 30% , DR-S A A 1 B A 16. 20% , DR-
M A Y 5 TR 4l i ZE A3 0 0. 85% , DR-S AL BRI ZEHL T FE 7. 67%, 5 CK Mtk , DR-M 4 ¥~ %R i T A
BRI AR LN, R SR, N B 2, SoD A POD WEMEF S W A (P,) B
(T,) SALFEE(G,) JEIE COMREE(C,) JKAIFIHBER(WUE) WIRTOC(F,) WRIOC(F,) FWZEGIE(F,) H
BLR R AU ARG T i G i RE R (ET,/RC) ¥ T R . M E A5 B SR 0 &, K 43 Ak
BRI ) PR YR 3 v 7J<“}EE%‘I£E@?$K,%$H%E%_ BEJ7, BT R Bl B O

KA. FPAOLRR; N B KA, OLAEH
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Effects of water stress on growth and photosynthetic characteristics of cu-
cumber seedlings under substrate culture of Caragana korshinskii

QU Ji-song"?, ZHANG Li-juan’, ZHU Qian-nan’, TIAN Yong-qiang', GAO Li-hong'
(1. College of Horticulture, China Agricultural University, Beijing 100093, China; 2.Institute of Germplasm Resources, Ningxia Academy of Agriculture
and Forestry Science, Yinchuan 750002, China)

Abstract: The effects of water stress on photosynthetic characteristics and related physiological indices of cucumber
seedlings under substrate culture of Caragana korshinskii was studied to provide theoretical reference for the cultivation of
high quality cucumber seedlings by using new horticultural substrate. 72-well standard plug trays were used for nursery.
Changes of plant height, stem diameter, root-shoot ratio, malondialdehyde (MDA) content, superoxide dismutase (SOD)
activity, peroxidase ( POD) activity, photosynthetic parameters, and chlorophyll fluorescence parameters of cucumber
seedlings were studied under normal water supply (CK) , moderate water stress (5% PEG-6000, DR-M) and severe water
stress (10% PEG-6000, DR-S) conditions. The results showed that the water stress significantly inhibited the growth of cu-

cumber seedlings. On the 17th day of treatment, the plant

175 B B9 :2018-07-26 height in the treatments of DR-M and DR-S decreased by
ESTE AR (R BHIFE % B B (201503137) ; & 8.30% and 16.20% compared with that in CK. Moreover,
“A =R E SRR H (2016BZ0902 ,2017BN0103) compared with that in CK, stem diameter in the treatment

EZ BT Ih 4k (1980-) , B, FMOKEF N B 504, RIS AL, of DR-M increased by 0.85%, and stem diameter in the
F2 2 IRt P 5 R 4 0 A ) o B B AR R O, (E- treatment of DR-S decreased by 7.67%. Compared with
mail ) qujs119@ 126.com those in the treatment of CK, the accumulation of dry mat-

BIAEE : BLL, (E-mail) gaolh@ cau.edu.cn ter in cucumber seedlings increased, the root-shoot ratio
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decreased, the content of chlorophyll decreased, the content of MDA increased, the activities of SOD and POD increased,

the net photosynthetic rate (P, ), transpiration rate (T,), stomatal conductance (G, ), intercellular CO, concentration

(C,) and water use efficiency (WUE) , the basic parameters of chlorophyll fluorescence( F,, F, , F,), captured energy

for electron transfer ( ET,/RC) decreased in the treatment of DR-M. Moderate water stress can inhibit legume growth

caused by excessive temperature and sufficient water in the cultivation of cucumber seedlings under substrate culture of Ca-

ragana korshinskii in the summer, and it is beneficial to improve resistance to stress, increase dry matter content, and cul-

tivate high-quality and strong seedlings.
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AR A OO S AR+ oA ) o 2R 5L
AP BEERE AN O PRIIE, B MR B T H
B2, I A A3 R LA 2 B 25 M &0y e ) A
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38'57. 89" ifF4K1 117 m, J& F LY () v by Bk
B, AR 8.5 C A4, 1 H IR B8
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K/NFLBRERO. 848 7,
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mS/cem 43k 21.50 g/kg A HLIT 402.00 g/kg, 4R
18.06 g/kg . &% %1 128.00 mg/kg , S HE 127. 50
me/ kg A2 450. 00 mg/ kg FRA L 12. 90,
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1.3 REigit

RET 2017 45 A 20 H-2017 4£ 8 A 30 HTE
Om BEEHLHHLEENIT, F KR LW
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HEFF, SR = A0RTAT , BE B IR = A0V 3 m,

RIS 3 AL B, 4300 k% B (CK, I 7K B2
HE) hBEAK 3 138 Ak B ( DR-M, AR 53 B0h 5%
(1) PEG-6000 W HaE ) | 8 B /K 43 38 AL 3 ( DR-S,
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AhHE 3 R A 3T MR E 110 (6
H 27 B)BIFGRAE, 258747 A4 H.7H 11
H)AbEE 19K, ARRARBR S 1955 3 d HEF7 AR K A5 A A
AR RROOI &, 21 WRAREE)E B 10 d PIE R
RS BRI 5 Z 5B HL,
14 NEMBRFE
141 AKFEAA HERWSELEERS, s <R
ML 25, R S = 2R 3L U &M (TTC) 350
EM ARG, R = R T R R BT R
i AR BRREN LR 3 ARG A T
142 AEIEAF LEEHROENEN TR
(ChL) &, A L Z /R (TBA) & €7 % MDA
i, FALTEEL DU M (NBT) YA S5 o i 4
e AL (SOD) WM AN RS L 2320 1 i1 Sk
VIl (POD) THIE™ | AT KA 2 R se 4R IF I
REMT ARl BRI & 3 Uk, 45 RO E,
143 SeaAd I 2 M2 DI BRI RE
AR AR, AR A B BE LR 3 F . SR FH TPS-
2 EHERO AR FHIE RGEXTEOE AR (P, ) K
HAR(T,) AL (G,) S COMEE(C,) AR
HME(L,) SR FIECRE (WUE) 5566 S50k
E, B m R E N E L B OE h (1000+ 50)
pwmol/ (m* « ) ,CO, MR H(400+20) wmol/mol ,
1.4.4 vHE %A EEAIH 2 M2 D
KITEEM R A RE, B A B AL $E 3 R,
Hansatech 2\ w] 2E 77 (1) 3% 22 3% & X 2¢ 6 AL Handy
PEA U2 8 NG 1 M R (0 2 6 S 880, T A2 i I 3 1
30 min, I FH BE & B0 B0HE E 17 40 B 05 HE AR
B ARDOC(F,) R RKIOG(F,) ARG (F,) |
PSII e SOGA R (F /F,) PEREFE R (PI) (B
FISE I W 1 G RE (ABS/RC) B Asi 2N Hf O 4
R TR 4S5 TR E A5 (Q,) MAEE
(TR,/RC) HAL KN H O 3R 4 FH T HL 15 3 1 g

W (ET,/RC) | A7 [ I H .0 #8 HiU s 1Y BE & ( DI,/
RC)™', JUSERE Y10 1 00-12 ¢ 00,
1.5 s

i Ak 2R B SR A Excel 2007 #K 14 il
DPS 3.01%k 4 Duncan’ s & W 2L 0517

2 R 550

2.1 KOMBENERAEERE TR
2.1.1 A¥K FE 1B, CK ALY NN
ARAE KA TR X B T4 v AR i S AR
PEG-6000 At ¥ 5 45 17 d, DR-M AbFF1 DR-S 4b 3§
R EE I 41 B bR R 2 T CK, A R T
8.30% ,16.20% , iAKW 30 40 T 4 v i IE R
A T EL 0 R B R A R R

K 2 /R, PEG-6000 AbBLJ5 %5 17 d, DR-M 4k
PR BN B 22 EE CK 5 0. 85% ,{H DR-S Ab BRI
WNA 2 AN B EMKT CK, T 7.67%, %W
TE 2 (47K S ik A BT LR L 2R

(cm)

b

AbFE JE KA (d)
—e— CK; —® DR-M; - DR-S
CK: X% f8; DR-M: K 43 1338 ; DR-S: B B 7K 43 b, AR
[R)/ING - B 28 R AH [ B 38 Ak 1S R TR R 8 25 55 B 3 (P<
0.05),
B 1 skoEhiE 3t E N4 E kS M

Fig.1 Effects of water stress on plant height of cucumber seed-

lings

2.1.2 #FEKRU K3 SR, AHES 10d,5 CK
AHEE, DR-M Ab 3T 50N 4 i AR R TG T4 & 1
16.22% ,DR-S AL BN ¥ N4 B AR R G 14 1
29.29% . FW 7K 43 30 A R T4l i AR R
OF A EN ) SIE YN A=Y S ESPAE =y L =

Bt K 53 136 15 ] B SE 4 DR-M AL AR & 7%
FIHRE IR A FRE S 17 d, 8 CK 42T 29. 69% , ¢
7 d AN 28. 68% , DR-S AbHH 1) 7K 43 ko 72 B A
1, Bl K A WA B (] (R SE K | 8 Rl i S R
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REPRJE REL (d)
—— CK; —=— DR-M; 4— DR-S
CK.DR-M . DR-S WLIE 1 i, B HARR/NG 03R4 W 38 Ab
PR 5 AN [A] R B (R 25 5 48 3 ( P<0. 05) ,,
B2 k& BhiE st N 4h & ZEHE A B0

Fig.2 Effects of water stress on stem diameter of cucumber

seedlings

L ARRIE ST MR S5 17 4,45 CK
PE15 0. 78% , 5 7 d Hi FI% 10. 10% ., UEH K53
Jolp 360 ] LASE 5 407 v AR ZR 06 0, A0 EE B LK s fR) 1)
KA IHE S E LR R, S ER R TG TR,

160

—_

353

(=]
I

AT ) [mg/(g - h)]

AT 5 R (d)
—&— CK; = DR-M; —&— DR-S

CK .DR-M.DR-S WIS 1 3%, A TR)/ING S Rk A R 3e Ak
PR A [R) KB H] 22 53 .3 (P<0. 05)

B3 KkSBEMNENGERRE M

Fig.3 Effects of water stress on root activity of cucumber seed-

lings

213 FHRAREE K4 8RR, 0H5EE3d,5
CK #H L, DR-M 4b B R /9 T 97 i L 2 & 3%
9.75% ,DR-S AT () 4 o A R & ek 2 1. 43%
APRJE S 10 d, £ 40 BT SRR BR a2 R] 1Y) 22 S
KRS 45 17 d, DR-M &b 3 5 T 9y i fR 8 3
CK 3471 21. 43% , 1ii DR-S 4bHi4¢ CK F % 19. 55%,
DR-M #ZbF# DR-S b FIEHN 50. 94% , 2% S 34134 3|
A, R BEOK AR a A R T8RS i T
iR &,

K5 o, CK 98 &l i AR el b3, 4

PEG-6000 AbFH (1) 4y 17 AR 56 L 4841, B & PEG-6000
IRBUT B K MR e LB AIR it 7K 43 Tl 36 B [
FE, CK A5k LE 32 FF i, 1 DR-M Fl DR-S Ak 3
IR TR L AR AL BRS 55 10 d /R BT AR BS 45 17 d
SRR, R BE K G Tkt AT AR AR B IR 40 B ) AR e
R N e N R S =103 & 3 1 STEN i = 512 (1 9
B AR IEE L, T HAR e FE (B SRS

0.20
- a
- 0.16
B ol bpmc
=
=
ﬁ 0.08[-
0.04f
0

AbER 5 RHL (d)
O CK; mDR-M; B DR-S
CK.DR-M DR-S YLIEI 1 3, BT ANR/NG FHE s A R a0 4b
PR A [F) K AERH] 22 53 .35 (P<0.05) ) .
B4 koBHBXE N4 T RR RN
Fig.4 Effects of water stress on dry matter accumulation of cu-

cumber seedlings

0.30r
0.25
0.20
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0.10
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0

e b

A5 RAL (d)
0 CK; m DR-M; B DR-S
CK .DR-M ,DR-S WL 1 7, EHARRE/NG PR3 R A0 [F i Ab
FRJE AR R AR ] 22 57 8.3 (P<0.05) ,
B 5 sk BhiExdE I 4h & 1R 7 bk A 5 i

Fig.5 Effects of water stress on root shoot ratio of cucumber

seedlings

214 “E%E4% K6 B, CK HE M 4t
RO I LB S ) P A | ISR 3R A
T, KA 2 R A R CK B
ik, PEG-6000 AbFH%5 3 d,CK M E S8 N
1.427 mg/g, DR-M Ab P 20 () i 2 25 5 /2 0 1. 168
mg/g,DR-S A FLZH Y M 48 R & 3 4 0.727 mg/g,
DR-M ZbFH/E 55 10 d M SRR & i A5 55 3 d
H4T10. 19% ,DR-S bS5 10 d BALPHE5E 3 d 1



388 o9 &b 2 W

2019 4F & 35 % 2 M

Ji1 38.93% ,DR-M A0S 17 d BALF S5 10 d B
i 18. 03%,DR-S AbFRJ5 45 17 d AL FRSE 55 10 d %
i 15. 64% , Ab3RJ545 17 d,DR-M F1 DR-S &b3HiZH #
JRGHT I R SR R S S CK A L, 43 B RE AR
47.80% K11 57. 84% (P<0.05) . 163 R 4N 32 F] /K
SyWE S P20 B R) ZE 2R 2 i R R, At
FASEIF TR,

2.51
2.0
L5

1.0

MR AR (mg/g)

0.5

0

A S REL (d)
O CK; m DR-M; B DR-S

CK.DR-M DR-S YLIEI 1 3. BT ANR/NG FHE s A R a0 Ab
PR AR K AERH] 22 53 .35 (P<0.05) ) .

E6 KOMBMERGEHERSENIMN

Fig.6 Effects of water stress on chlorophyll content of cucum-

ber seedlings

2.1.5 MDA 4% K7 &R, CK AYEIRLE M A /)
MDA 58K, bt i i e SE K MDA 55 2218 7
. PEG-6000 AbFR {55 R4 1 M - MDA &% 2 i 3%
AL BRESS 10 d, 5 CK AL, DR-M 4L BRFI DR-S
AL BEAY T4 B F MDA 543 B34 0 16. 30% |
73.64% (P<0.05) . CK .DR-M #1 DR-S 3 bR )2k
PEAH T R ELZR AR 25 0. 105.,0. 248 ,0. 341, 7}
SRR RN T L R MDA 55 2 38 0 R K

®1 KoBXERLEM F POD 1 SOD EHEHIFIT

/g FRICRTAT, B NAI i R RE 2 32 S I 1] ) rh B2 oK o
30, Bt K S Pl o ) 2 RS 2 JRE A 384 A,
TR A R R B2, R S 2N
9, BT RAE 1858 PRI BG4 N B, 29 A
SV T, A r 5k R BN 3 AR 1 A,
FEAERRZ Y MDA | fIRAS S SZ A0 AR BE I, P R )
ZEEEFT

2.0

(umol/g)

PR S REL (d)
O CK; mDR-M; B DR-S
CK.DR-M DR-S WLIE 1 1, B A A R /NG R385 A ] ik Ak
PG AN [FR B 22 5 W 3 (P<0.05) )
B 7 XoBMEXENLE MDA &/

Fig.7 Effects of water stress on MDA content of cucumber

seedlings

2.1.6 SOD #= POD 7&t: 31 WoR B2 Hhia it
IER: , DR-M F1 DR-S 4b B #5 )N %) 5 0 - 1 SOD
1 POD TEVEZ W&, IS5 17 d, 5 CK 4
I, DR-M Ab3EH 54 i i (%) SOD F1 POD 15 Pk
AR T 61.96%H152. 17% ,DR-S AbFH 43 Hil42 2
113. 85%Fll 81.64% , 7K 43 Wit o] LA &5 SOD Fi
POD WTEYE  FEARAN ML R G013, br i i &
RESRA AR AR

Table 1 Effects of water stress on POD and SOD activities in leaves of cucumber seedlings

SOD [ pe/ (g + min) ]

POD &M pg/ (g« h) ]

o AEBEJEES 3 d AEBJEEE 10 d WEPRIEES 17 d REFRJESS 3 d A PRJEES 10 d PSS 17 d
CK 1.202¢ 1.333¢ 1.480¢ 322.200¢ 338.400c 372.600c
DR-M 1.741b 2.064b 2.397b 370.800b 457.200b 567.000b
DR-S 2.286a 2.621a 3.165a 435.600a 550.800a 676.800a

CK .DR-M DR-S VLI 1 3%, [R5 Kl 5 AN R] /NG 50 37 AR ] 0 A S AN Ta) R4 0] 25 5 . 2% (P<0. 05)

2.2 KoBMBMEREMHFAESHBEN
2 Won B K S 0 R B A R, BOR4)
W0 P, T, G, . CY¥HERM, CK 1Y 8 K4t
A WUE % &, 5N 2.406 3, DR-M & Bk 2, KN
2.254 1,DR-S &b ¥ /N, 81.650 9, KA T,

P, RE, EEUE TS M AL T R =
EAE KM AL, 6N R, S B0 P 4 MR A7 a5
CO, /D, Cidi/b i HL W0 R 8 Ok PG,
2.3 KoEMEMERGEHFEER LS
3 W KT BRI R AR R
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HHEASEF, F M F ARECK, H A5 AL 3] i) 22
SIRE R E K, CK BN F, . F, M F &
K, 5051 544,50 .2 511.50 11 995.00, 7K 43 i
8™ 5 5 e BN 4 A M BE 4R 2K, CK &, N
F2 kS BB EISEME RSSO

1.088 5, Lt DR-S 4b ¥ &7 118.31%, DR-M Al DR-S
Res B F o/ F, RS, BARIK 2 ha T A kA
T

Table 2 Effect of water stress on photosynthetic parameters in leaves of cucumber seedlings

Holta AR P LES

LT JifLiE) CO, ¥R EE

i [pmol/(m® + )] [mmol/(m®-s)] [ pmol/(m? «s)] ( wmol/mol) AR
CK 12.32a 5.12a 0.28a 287.53a 2.406 3a
DR-M 10.70b 4.36b 0.24b 263.60b 2.254 1b
DR-S 6.73¢ 3.47¢ 0.17¢ 212.33¢ 1.650 9¢
CK .DR-M DR-S WLPE 1 3%, [RIZE 5 A R/NG 0305 AN R b 6] 22 57 . %5 (P<0. 05)
x3 KSHEMERAEHERRAESEHZN
Table 3 Effect of water stress on chlorophyll fluorescence parameters in leaves of cucumber seedlings
Ab 3 (D BRI LED S PSII iR Kb 7% PEREFEEL
CK 544.50a 2 511.50a 1 995.00a 0.791 4a 1.088 5a
DR-M 530.75b 2 473.50b 1 958.75b 0.784 5b 0.868 4b
DR-S 511.00¢ 2 337.25¢ 1 873.25¢ 0.763 3c 0.498 6¢

CK .DR-M .DR-S WLIE 1 7, [RIFVEER G AN F/ING F B R AN AL B ] 25 55 8. 3 (P<0. 05)

2.4 KOEMBXTERZE PS I & A vEESH
spAn|
4 IR 3 A R 2RI ABS / RC>
TR,/RC>ET,/RC , R WIKE A HL 15 1B 4% 1) B | FAAE
BN, LRERIFHRFEAK, DR-M Al DR-S AbFEH) ET,/

R4 KoEHEXERLEMF PS IR HOFEESHEFT

RC ¥t DI,/RC /)N, CK WA, Ut AZK 53 0 fi45PSIl
SR HC T EFE RO e B s T T L AE s A e
i, B KT aa REBE AN SR, B SR H s AL 1Y)
REFEHE N ABAERR R RIS O T, 2 23k PSI (i
IR, 8 PSIT Ri—40 %

Table 4 Effect of water stress on specific energy fluxes of PSII reaction center of cucumber seedlings

nbE L0 RRAPCIIN SRR LA LR
W i FIFA Q, At FHIF th T Bl R A i
CK 2.692 4c 2.132 9¢ 0.743 9a 0.589 6¢
DR-M 3.053 3b 2.385 4b 0.666 9b 0.673 1b
DR-S 3.243 6a 2.526 4a 0.631 4c¢ 0.687 6a

CK.DR-M ,DR-S WL 1 14, [FFEHR)E AR F/ING FEEF R AN R AR PR 25 57 535 (P<0.05)

3 1F i

JK o3 T30 R B A, X R e I B, R
JETR o3 WA R T 3 I B Rl v 4 s R R
R AR B TN AIy e AR L, 38 I &l v 220K, SR R T
1, AR R WCRE Ty (B BE K 3 e LKA i )
7K 73 8 205 SRR R, S EUR R TG 7 3%
Rk, BT b Bk 2 Wt A B T3 e i RE T, 4
TP AAE P BTOIE R B

F) 2 BK 53 A i 5d 5 8 15 0 1 B8 15
e, AR AN NS 2 DRAIE A P I Y A B 0 fE ) 2

P70, SOD F1 POD S 4 i J 3 4 4203 o il 3R
G v ) JCEET , 7EVE BRI AL A H Bk s i e A 4 Tk
DL AR 3 40 B S O ARt 45 T T B AR
T ARBRgESE R R, BB PEG-6000 AR 4341
IR TN, RA 7 SOD  POD BT

Hh K A A B, AL R E R R R R EOL S
TR FEAC A B, 517K A W3 B i PR) &40 e
i CO,RIBESIREAR, LA RE T FREE SR A %
AR A R R 2 ko i & S 80 S fL S
R B, CO, KL % BHL, 3 1 1 1 6 A g 1 BE
A, V4T LA i R 18 I 7K 43 1) FH 803 ok 32 g i
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KNG IR e 72 B 2 R OC , BBl 5 7K 0 W3 7
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