rf [ 7K 5 FH2£(Chin J Rice Sci), 2018, 32(5): 485—492
http://www.ricesci.cn
DOI: 10.16819/7.1001-7216.2018.7123 485

RBR RS WE XS T 28 KR E IR 4 R R

1 > 1 >3 2 -3 = A 4 “ 1,%
7 MtEN S EXET BERS R F¥FF
CYTPEITTE RS R dr R 2E0%, B9 E 330022; 2 VLA RWIT, B9 E 330046: > @z miRL R, LA &2 330800; ¢ 22 X E AR, L %2 X 330500;
HREE R A, E-mail: 1203826333@qq.com)

Effects of Plant Growth-promoting Rhizobacteria(PGPR) on Physiological Characteristics of
Rice Under Drought Stress

CHEN Su', XIE Jiankun', HUANG Wenxin®, CHEN Dengyun’, PENG Xiaojian!, FU Xueqin""

(*College of Life Sciences, Jiangxi Normal University, Nanchang 330022, China; “Department of Agriculture of Jiangxi Province, Nanchang 330046, China;
3GAO’an Agricultural Bureau, GAO’an 330800, China; 4AN’yi Agricultural Bureau, AN’yi 330500, China; *Corresponding author, E-mail:
1203826333@qg.com)

Abstract: [Objective] This study aims to reveal the effects of plant growth-promoting rhizobacteria Bacillus cereus FO6
on physiological characteristics of the rice Shanyou 63 under different drought stress treatments(light, moderate, severe
and a control). [Method] The combined effects of F06 inoculation and various levels of drought stress on the
photosynthetic characteristics, chlorophyll fluorescence parameters, cytokinin and abscisic acid(ABA) concentrations,
relative water content, and relative electrolyte leakage were studied in a pot experiment. [Result]The results showed that
Py, and g5 decreased with increasing drought stress. However, FO06 inoculation significantly slowed down the decrease of
Pn and gs under drought stress compared with non-inoculation(NP) treatment, P, and g increased by 7.67%, 12.97%,
18.14% and 11.51%, 16.63% and 17.07%, respectively. With the intensifying drougnt stress, it followed an increasing
trend. FO6 inoculation inhibited the decrease of F,/ F,, and gp and the increase of F,, NPQ and improved the light
conversion efficiency of rice leaves significantly under drought stress. Under the drought stress, B.cereus FO6 inoculation
could reduce the change amplitude of leaf water potential, relative water content and relative conductivity. However, FO6
inoculation could not reverse the decrease trend of leaf water potential,relative water content and relative conductivity.
FO06 inoculation also significantly depressed the pigment decomposition or reduction. Although no significant increase
was observed under well-watered conditions, drought significantly reduced the cytokinin(CTK) content in leaves and
roots of rice, and increased ABA content in leaves, but FO6 inoculation significantly increased the cytokinin content of
drought-stressed leaves and roots Shanyou 63. [Conclusion] In conclusion,inoculation of PGPR could reduce the
decomposition or loss of photosynthetic pigments and improve the photosynthetic rate,showing real potential for practical
use in arid environments as a drought stress inhibitor.
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B S 6 3 M R AT 7K RS R 36 (530 em,  ELA%33
em)LIIL63 AMHEA R, RE%e 115 kg, BENLIX
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Table 1. Effects of different treatments on photosynthetic parameters of rice leaves.
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- Pl pLES AL HalE] CO, ¥ %
Drought stress Photosynthetic rate/(pmol-m s ") Stomatal conductance/(mmol-m s ") Intercellular CO, concentration/(p.moLmol’l)
NP F06 NP F06 NP F06
CK 27.25+1.26 a 28.71+2.84 a 256.69+11.54 a 283.32+12.67 a 227.18429.89 be 229.12+14.20 b
LD 25.94+2.02 ab 27.93+1.16 a 234.35+18.90 a 261.33+10.18 a 191.78+16.34 ¢ 216.05£11.32b
MD 23.06+1.37 b 26.05+3.12 ab 195.17+15.27 b 227.62423.14 b 235.22+10.71 b 209.38+18.17 ¢
SD 18.91+1.18 ¢ 22.3442.41b 165.28+20.77 ¢ 193.49+15.63 ¢ 268.53+21.44 a 252.68+8.95 a

CK, Control; LD, Light drought; MD, Moderate drought; SD, Severe drought; Various lowercase letters mean significant difference at P<<0.05 level. The

same as in tables below.

%2 TR BHRETSEHE

Table 2. Effect of different treatments on chlorophyll fluorescence parameters of rice leaves.

ey PR & BT K BB PR K R
Ak WRR N . . . . . .
. Maximum photochemical Photochemical quenching Non-photochemical quenching
Drought PSII original fluorescence(F) . . .
efficiency(Fv/Fm) Coefficient(qp) Coefficient(NPQ)
stress
NP F06 NP F06 NP F06 NP F06
CK 149.06+9.78 d  150.18+12.62 ¢ 0.89+0.04 a 0.90+0.03 a 0.75+0.04a  0.75+£0.02 a 1.70+0.04 ¢ 1.70+0.06 ¢
LD 162.19+12.78 ¢ 154.44+19.41 be 0.80+0.01 ab 0.86+0.02 ab 0.64+0.02 ab  0.63+£0.02 b 1.77+£0.05 b 1.76+0.05 ¢
MD 178.34+14.21 b 167.06+10.89 b 0.73+0.02 b 0.7940.01 b 0.60+0.02b  0.52+0.03 ¢ 1.80+0.03 b 1.98+0.03 b
SD 192.18+16.74a 178.03+11.36 a 0.52+0.01 ¢ 0.61+0.02 ¢ 0.51+0.01 ¢ 0.38+0.00 d 2.06+0.07 a 2.24+0.06 a

1.4 HIEAIE
¥ V7.55 R DPS HISPSS13.0 8t #E 4T 77 2 4%
M AT 2 54T -

2 RS0

21 RERMEEHAETFEMETXKEHRXE
RIS

MR 1 ATLLEH, A FIFE BT Wi X K A&
R A RE P AR B R . BEE T R e FE A
e, BAF P, A g EI T RS, HAMLH
A —8, EELTEN, NP F Fo6 ¥ P,
g A%, 5 CKAHLL, 437 R P& 30.61% 35.61%
F122.19%. 31.71% (P<<0.05). 1HTILALTFAaFhsK
IR, FO6 AEFEM P, Al g, H 5% = T NP AbFE,
£ 3 MARTR2EE N, Foo ALFEEL NP ALFR P,
SR 7.67% 12.97%-. 18.14%, g5 43 514 hn
11.51%- 16.63%. 17.07%, HEIHFEE T FEHa
FEEEMINR, SR KeESE . CIEARR M a
T, EAFRBIE. F£IEEKS%ZET, NP
5 Fo6 4bEEM C R AR NP AHERE T
G A&, MiJEHUET R, 1 FO6 Ab PR FE S
Cilfik, HETENAHAR.
22 WRERMEEHAETFEMETKEHFEMEER
RASHRIF M

M 2 TTH, TR A KRER PS4 T 2%

S, BEE T RREERNNM, F, 2% LR 7
HETRER, SE®E/KOAOEME, NPl Fo6 43
Fo 7 AIBG AN 28.92%. 18.54% (P<<0.05). 7E 3 FhA[A
FTEREIEET, M Foo WbH F, b NP AREE4) 7 P
4.72%- 6.32%- 7.36%. XFKHKRELET FEHE T K
AT OIS, TREE T R UHa R g s, HPS
TR RO EERZ B 7R F B TE HeFh FO6 X 40
FIMERASREEN. 5 CK ML, TEBEE FJ/F,
RERRAC, BT BRI BE T 5 8 58 R 0 1 g 3
Ko EHRETREN, 5 CK M, NP AFEMBER Fo6
AEFR ) F I 3930 235 R % 41.57%-32.22%(P<<0.05)
NP 1 FO6 Ab BB 755 $K 5> T FulF, B3 2 5% £
3 MAFTRIEET, M Fo6 4B FJ/F, tL NP &b
HAY AR E BN 7.50% 8.22%- 17.31%(P<<0.05). X
R R KR ORI CRE T, el T
A RBL G RE L B #6h FO6 wI B i 535 /K
T bR acE. 5 CK ML, TRBHAE g &
A . 7R FK o RO T S I8 B, NP AR ER R
il FO6 AbER A1) qp 25 7 AT 35, (HBEE T 58 58
HISE N, PR TR 2 Bl B B 2 K. R
FIEE TR0, 50 Foo AbEEfY qp L NP ALEE )43 )
PR 13.33%. 25.49%(P<<0.05). 5 CK #tt, T
FEbafE NPQ BEENGM; HEEE T Mhid 55 5 1 3
B, NPQ i&Wr b Ft. fERRFEET 50, NP Ab BRI Ff
FO6 Ab¥E[a)Z AR W7 B E T R,
Fh Foo ALFEAY NPQ b NP ALFE 4534 0 10.00%-
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Table 3. Effect of different treatments on water potential, relative water content and relative electrolyte leakage of rice

leaves.
- 7K AR 7K AR HL 3
Water potential/ MPa Relative water content/% Relative electrolyte leakage/%
Drought stress
NP F06 F06 NP F06

CK —0.91£0.03 a —0.91+0.02 a 84.16+£3.25a 84.52+6.27 a 6.83+0.55 ¢ 6.81+0.34 ¢
LD —1.02£0.06 b —0.93£0.05 a 79.52+5.29 b 82.80+4.22 a 7.14+0.35 ¢ 6.92+0.41 ¢
MD —1.15+£0.06 ¢ —1.07+£0.04 b 70.87+8.09 ¢ 76.33+£6.30 b 8.31+0.27 b 7.52+0.17 b
SD —1.27+0.05 d —1.16£0.04 ¢ 61.82+5.77d 67.27+7.06 ¢ 9.45+0.67 a 8.48+0.19 a

F4 AELEKEMHAALEEESENFN

Table 4. Effect of different treatments on photosynthetic pigment contents of rice leaves.

e MR a S HHERER b E K P REE
™ Chlorophyll a content/(mg- g") Chlorophyll b content/(mg- g’l) Carotenoid content/(mgg’])
Drought stress

NP F06 NP F06 NP F06
CK 3.65+0.04 a 3.66+0.14 a 0.86+0.00 a 0.87+0.02 a 1.2240.02 a 1.21£0.03 a
LD 3.6140.05 a 3.5240.06 a 0.85+0.03 a 0.86+0.03 a 1.1740.01 a 1.24+0.02 a
MD 3.55+0.01 a 3.4840.06 a 0.84+0.01 a 0.84+0.01 a 0.91+0.01 b 1.1940.02 a
SD 3.08+0.06 b 3.39+0.05 a 0.78+0.01 b 0.82+0.01 a 0.73+0.02 ¢ 0.97+0.01 b

8.73%(P<<0.05).
2.3 IRFMEEAE X TRE TKFEM FkEE, 1
S EKEFMEXTESENRMN

R 7K 8 AR /K B A L 5 2R VPR HE )
S AR E bR, R 3 WA, BEETR
FRIE R FERTINR,  FKAG I B (7K AR 5 K S T
BRA%, SBUHMF MR . ERE TR, NP
b EE K A FIAR N Bk SRR TR 46 35 TR mideRh Foe
AFRAE TR, i R KRR SRR A BT
. fEEEET 50, [ CKFHLL, NP B K
AR 7K B2y BB 39.56% 26.54%(P<<0.05), 22
i FO6 ALFR Y I FEAR 27.47%- 20.41%(P<<0.05); 7£
FET- I, R FO6 ALERI: /K S ANFR XS & 7K & 433
Eb NP 4bH 5 25 $2 5 8.66%- 8.22% (P<<0.05). & /ET
B, TSRS ER F06, M AR SR A X I =
SR, EEET RN, F%EK CK M, NP &
HRANERR FO6 bR iy AF T L 5 26 43 731l 38 111 38.36% A1
24.52%(P<<0.05); fEHEEFIE LT 505, 42F0 Fo6 Ak
PRI A LS53R 20 99 b NP AL P B 25 FEAIG 10.35% 11
9.51%(P<<0.05). LA bApfrml sz, TS5 T Foo
BIRARE B K5 AR /K B AT HL 5 26 1
ARy, (RN DL BRI AR .
24 REFEEAEXNTEME TKEHRLEEE
ZEENFN

3 4 7T, HARPAMEEME ST, AT
P ESEREE IR, Jeh RS EYZBEBHA . £
BRSO, HK a. b SEAEFTEPHE NS
ZTF, 5 CK M MFEK 15.62%F1 9.30%(P<
0.05), ZEHARY bR & NLE BT R e Tt B2 b

ik, 5 CK MK 25.41%(P<<0.05). 2R, $%Fh
FO6 J5, HJET2MHE FHEE a. b 2N FIES IE
WK MR EER, KHE MREEREE
TR a N A BEEK, 5 CK AR 19.83%(P
<0.05). FEIEF K264, HFh FO6 XK ot
AERSEENMERANLE, (HEEETEEEE
T, HEFh Fo6 Ab3 3 Pk AR &R NP 4
PR 0 10.06%- 5.13%F1 32.88% (P<<0.05). A _E4)
PTG, BARIEF K5 A B R B Fo6 FFi A 1
hbtEeREGE, HEEMNSH TEETERE N
ENIE N A 2
25 IRFMREHEXT 2B TKFECTKFABA
2ERNFN

HF S AN, BETFEENasREER N, TR nE
Filt FO6, M A AR R i) CTK & B4 ZH D . BEIR
ik, BAE 4 FOAREZK > Ab 3, B2Fh Foe Ab#E L NP
AbE I ) CTK & &0 538N 47.71% 54.35%.
24.43%. 26.13%(P<<0.05), #R&EFH CTK & &5
BN 37.65%- 42.67%- 42.36%. 40.41%(P<<0.05).
XK AR FO6 BAAAREMUE CTK & & T FErES,
{HEEFD FO6 WA A FRCT R Mha 5121 CTK & &K
TRETREEL

b T S a R A, o e SRR Foe, it
A ABA ErE ARG N HM Fo6 MR R ABA &
IR TR, NP AHEEHEE S . fEIEH K
AT, 5 NP ALEEAHEL, $eFh FO6 XJ A
ABA EEZERALE, HIERT ABA SEEN
26.76%(P<<0.05). 5 CK AHLL, 7E M A BT 5 b
JEGRE R, NP ACEEIH 1) ABA & &5 I3 0 11.49%.
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Table 5. Effect of different treatments on cytokinins and abscisic acid concentrations of rice.

554 & fr it Cytokinin content/(ng-g ™)

74 R & it Abscisic acid content/(ng'g ')

FRA B
A Leaf % Root I F Leaf IR % Root
Drought stress
NP F06 NP F06 NP F06 NP F06
CK 180.32424.50 2 266.36+13.56 a 31.3442.12a 43.14+2.74 a 423.56£65.56 ¢ 432.49+43.11 ¢ 448.34+32.16 a 568.33+35.17 a
LD 159.02£19.63b  245.45+12.28 ab 29.93+3.84ab  42.70+2.91 a 438.05+22.49 ¢ 444.64+38.63 ¢ 440.99+22.98 a 502.33+£34.65 ab
MD 123.70£16.32 ¢ 153.92+18.58 b 25.33+1.47b 36.06+3.09 b 472.24+35.63b  498.86+51.26 b 443.32+45.23 a 491.03+26.54 b
SD 93.83£10.61d  118.35+16.07 ¢ 20.76+3.61 ¢ 29.15+1.58 ¢ 526.15£1.58a  567.27+#37.82a 436.40+31.63 a 423.01+24.29 ¢

24.22%(P<<0.05), #Ah FO6 AbFE N 43530 15.33%-
31.16%(P<<0.05), T FRWriaxtEff Fo6 AELN] ABA
R AN

3 Wi

31 RFEEENFEMETKELEIERNE
M)

TR e 4 A AR K AR, ot
SeEAE R s i, KRBT,
YA E B & 0 AR FLIR R AEES AL
K&, SALBREIE C; BEAK, midE<FLER I C; Tt
O AR RR I, RS T RN, B
Fl FO6, o P, BIEHE K AIEA K, 5 g, Al
Ci AR — 20, WL AR F P, 1 R BE S
FAFLFFREBR B o SR1T, B T e 5 B 48
TEF TR, Py fl g5k —25 FBE, NP AbHET)
Ci RTG53 T 5, R WIBLET P, 1R B i [R5 N
LES AL RN E A ESERH, Xfetlh T
RuBP & MR EL PSTT 2544 128 5% PS 11 52 3|
WASERNREER, BARRR TSR 2R
F06 Kb C fEh TR 3k — 20 N, fEEET
N A TR UG B2 T, RIS Py KR B SRR A
NUAES AL ERREIE = £ SIEH . Bk, 75+
P N REARBREAE T Fo6, HARAAEEA KRG
YA RE T T R FA S, (E AT 2 RN R BRI
BB T 5 AR e s, B0 Foe 1F H i3,
X5 HEEV R AR A S [N, ETR
e R, A FL A S P AT BABH LB K o e R B
Ko Bk, 7ETRHEETEMRIRMEAERE Fo6, &
SRANBE A H K 35, A& 7K & FAR X L 5 3R 1) AR
fea s, (B ] PR AR IR B .

32 RFEEENTFEHE T KB RIS
fERIZ M

- 5 R 7E T 55 175 00 R IR AL 1 ' i 3 203 i e

AT, HERTOCMBKERL 3 FdEkH

FE, X 3 MRS MK e &, An s
KI, TEBET F,B% B, FJFL B3 TR,
XRIPDEAEN LA RS2 2] T #id5, ek
SRR, PS TN AL sr KA1, SRS
REMOAR RN PSTT S o H 0o 2375, 31X 5 X S AT 7T
g KB RI, FETRME T, R
F06 W22 P, 1 9o FI%, Ci AT st T NP
AhEE, (RIS Fo B3I LA K Fy/F IIBRAR, 1508
Befh FO6 $ESZ T TR it st K Rg M A s A WL I 4
F, X ATAE A T A o RPN T AR R
IR BUONAREFRIL, T 5RHE5E T EFr Foo #
TR RS E, BRAFREIRELEE
RYA Er i, (HAEE MG T E T S 4R a.
23R b FIZREAE N R A AR B FRAR, A oxsd 28
& NERRRAE. AT ATTRERY, T84
R AEI RS P RS RN E A BT %
fREMNE X O RG M E, R ES 50Kk
O RDEREMIFERL, R RLT A,

FACF R op RWAEY) G, JER K
NPQ MEHKEHLAE J1. AWK, 7T 5
T, gp BE TP, NPQ EEHEIN, XFW T F g
TAKREM A PSITAKERR/ERG N, 75 H T 5 e
T, NPQ B3 LFb, XwREREH THEE TR
TV Z R T P E A TR . Befh Foe ] it
— BN NPQ, ¥8/) qp, X T]HEZHEFN FO6 $15 1
KRG TSl N PS I #GERRAE 11, IXAHE &
MR — R RS, 7T 25T 5 W 5 A LA Fr 4
U35 xSV e g R, BERR PRI A
fii NPQ Jifi FF%, SAMFRS &R —8, HAKR
KA Rt — 40T .
33 RIFMRERNTFEMETKFE CTK 1 ABA
oAl

41 73 24 25 38 R a3k 200 B R T e v
FR T S IS FLR T, BSR4 7 R AT Re s ok
R IR et 7 Bl = At N 11 )i 03 55 el BT B R
ARSI EAEYE A EE, g AR
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)RR A T 55 BUE YO & 1 R KR
RARK 2 —P2, KRR, TFiEs F
KFEH AR B2 CTK & & RIERAS, W5
BT HF FOo nJ W HE m i 7 R R ) & & . 5%
HIFEH, —J7Mn] Re2 BT F06 48 & fe b ARk
FEFIFPEN CTK, FHidEd R Rz 2t FHE4H
2y 53— J7 T AT RE 2 RIEE Y A B 77 A T s
FE) CTK, EARERNLENE 7 2 — B e

ITAERIR 2 SEIG WA W], 78 33K I i 2 A
T, ARBi#HE ABA Sib EESH A B A H DI 9%
F2?7), Heckenberger 28125 1] H 3£ Fr 1AM ABA
G, RIHMNE ABA WREEFIS AL Z [AAEERT 3L
J# . Liang ZPHRE, AL ABA M8/ {KAT
e HIRHE A B BRI A K. Ui R
ZRA R TR, A ABA ReJimE A
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