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TS K AR R SRR PN AR B SIBGIN T 12.44% 1.13% F10.42% . 5 NSAMFEAH H , PN1 AT PN2 b B H 64 i 243 5
L T 34.08% F140.82% , 76 M54 543 IHE 0 T 23.90% 1 18.86% , PN1 1 PN2 AbFiA i 45 v 1 - 1 A ik b 8 Ak ik AL g (SOD )
Fk B AL B (POD) TE 4, (5 18 (MDA ) 2 43 B AR 1 28.36% H120.97% ., PN2 b BRI Fr FIAR 22 oh Y Na* & 850 NS Ak B0 43-31)
FEAIR T 36.31% 1 10.85% , AT FEAIR T Na'/K*, BRUE T HEER R P9 19 B 115 . BF98 B , PVE J2 PVE ZiAb W) 7E M IR Ve B T HoA 4
1R I A BE T, I A I K A e AR EAR R ARG R G SRR DB A B A , IS LAREAIS Na T A9 5 2028 i a6 X6 7K

FELI T 52
SRR AW s ER A s iR R TR UG DG AR T BT
RE S %S TQ449+.2 SCERAREAD A X E 45 :2095-6819(2020)01-0098-08 doi: 10.13254/j.jare.2018.0349

Effects of Paecilomyces variotii extracts on the physiological adaptability of rice seedlings under salt stress
WANG Xiao—qi', YAO Yuan—yuan', LIU Zhi—guang', CHEN Bao—cheng', ZHANG Min'*", MA Jin—zhao', WANG Qing—bin"’

(1.National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Recourses and Environment, Shan-
dong Agricultural University, Tai’an 271018, China; 2.State Key Laboratory of Nutrition Resources Integrated Utilization, Kingenta Ecolog-
ical Engineering Group Co., Linshu 276700, China; 3.Pengho Biology Technology Ltd. Co., Tai’an 271018, China)

Abstract: To investigate the effects of sea—buckthorn (Hippophae rhamnoides 1.) endophytic bacteria extracts as biostimulants on the
growth of rice seedlings under salt stress, PVE ( Paecilomyces variotii extract) was obtained from the fermentation of Paecilomyces variotii
strains; The purified PVE, the active substance, was concentrated by liquid chromatography from PVE. There were 4 treatments with three
replicates in the nutrient liquid culture experiment including no NaCl stress (CK), NaCl stress (NS), PVE+NaCl stress (PN1), purified
PVE+NaCl (PN2). The antioxidant enzymes (including SOD, POD, and CAT) activity, photosynthetic parameters, Na'/K*, as well as the
erowth index were measured to evaluate the tolerance of rice seedlings under 100 mmol - "' NaCl. The results showed that hiostimulants

could alleviate the severe inhibition of rice growth by salt stress. Compared with NS, PN1 and PN2 increased leaf and root dry weights. In
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addition, PN1 and PN2 led to lower loss of water under salt stress than that with NS. Both PN1 and PN2 significantly increased the total

root length, root surface area, root volume, and root mean diameter of rice root; The root lengths of PN1 and PN2 did not differ significantly

from those under the CK treatment. Compared with the PN1 treatment, PN2 led to higher leaf fresh weight, leaf water content, and root wa-
ter content by 12.44%, 1.13%, and 0.42%, respectively. PN1 and PN2 also led to higher leaf photosynthetic rate by 34.08% and 40.82%
and transpiration rate by 23.90% and 18.86% than that with the NS treatment, respectively. PN1 and PN2 led to higher leaf SOD and POD

activity while leaf MDA content was significantly lower in comparision to NS. Moreover, PN2 led to lower Na’ content of 36.31% and

10.85% in leaves and roots than that under NS, and ensured the ion balance in rice to a greater extent than did NS. In conclusion, PVE and

purified PVE had high biological activity at very low concentrations and alleviated salt stress in rice seedlings by reducing water loss, pro-

moting root growth, increasing photosynthetic rate, increasing antioxidant enzyme activity, and reducing Na* inflow.

Keywords : biostimulants; salt stress; root morphology; antioxidant enzyme; photosynthesis; sodium—potassium balance
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IR B R 228 1/20 [ PR RS b v 7 0 A 55
W FE 25 CRYME TR FRAR h Ak 8215 5% 3 d 9
KRS, WG CKANBIgR S 35 T R E R WP,
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Table 1 Experimental design

y 2 ez
s e EORCRIRIE NaCOEJE
Treatments  Culture medium Concentration of ~ Concentration of
camens Hre medi biostimulants/pg- L™ NaCl/mmol - L™
CK =R 0 0
NS HIRW 0 100
PN1 EBIRIR+PVE 0.1 100
PN2  EFFW+PVE 4L 0.1 100

1.3 HRRERNE

R AP KA R AESS 10 d HBE T B gk
IKRERINGE , BUBS XK AREAE S A TR AR . A A BRF L
RIS MK RS (BN IR B LB, TR, A7
AR B, B 482 R K PR i i S AR R
fif it . PRI 5 RITAR R BT 105 CCHEAR R T 30
min, 75 CHET 2 H TR I Sk, 25 B e 2
mm G FH T 45 0 R B f o A5 A0 P53 LI 3 #RoK

et 2 5 0.5 g /KA I Fr R 28 TF ek v, I A&
FERE SR BUS TP PRI e . PR AL PR
3HRIKARRAR AN 202, i e TS R S il e .

HRRIEZE  H TR LA-SHE YA 2 40 A0 5 AR
FAKE B E A SRR AR B
2 R OG- A (Pn) RS H Y EAF 9:00—11:00
i FHI LI-6400XT fi 4 =0 G AL 7 5 2R R 5 &
95% LWER A, AN T E 665,649 nm Fl
470 nm b G ISR s Aol TC 3R B i - Rl T -
ST ) s AR R B AR g (SOD) 3 4 « /U
LA 3 0 2 s ) AR ) Bl (POD) 1 42 - 78 A A 13 3
I 25 3k S A U (CAT) 35 4 « 28 AW e g =
P (MDA) & 4 B A L Z BRI E Y, Na® K
Bt IAGEETTINE .
1.4 HiESH

KT IR LA-S AR 73BT 22 50 Fl Excel 2016 ,SAS
8.0 A A T H5 4k Ab FR A3 AT, 4 FH Duncan 22 8546 56 7
(Duncan’s multiple range test) 731 £ 40 2 «=0.05 7K
) 25 S S

2 HRESW

2.1 AEIREBKBHEMHTFMRERERSKE

HY 2 2 AT, BRI i 7 K AE I R R R A A
K NS AR BRI | KAl F 5 A AR CK AR, 5
NS AEFRAH H , PNT PN2 &b FE - F i S 5 38 in T
21.74% F128.96% , A F T i i {2 34 0 1 27.59% #
18.53%; PN2 M Jy fiif it & & % PN1 2 FH 2 & T
12.44% B —F w1 i AR R S 5T AR R T
TR EES . KRS R M aE i 20 A B
JE 22 FEREYRIK , FroK R S WA E Y 52 Eh
BER A R . PN R FIAR 3R 57K 38558 NS b #L4y
SR E R T 2.29% F10.34%., PN2AbRHAS PN1 4b R
P25 BRI T $h Wi Bk Ak, i IR R 5K

R2 FRGEAKFEHARARERSKE

Table 2 The biomass and water content of rice leaves and roots under different treatments

I F Leaf H2 2 Root
ﬂi@ ‘ B B A~ . =] B A~
Treatments i Ak TR CRIES i Ak T RIS
Fresh weight/g Dry weight/g Moisture content/% Fresh weight/g Dry weight/g Moisture content/%
CK 2.643 3+0.0423a  0.369 4+0.007 9a 86.03+0.001 3a 1.203 3+0.028 8a  0.097 2+0.002 9a 91.92+0.001 Oa
NS 1.473 3£0.0472d  0.263 1+0.010 2¢ 82.15+0.001 5d 0.456 7£0.005 4c  0.046 4+0.000 6¢ 89.93+0.000 2d
PN1 2.010 0£0.066 8¢ 0.320 3+0.007 2b 84.03+0.003 9c 0.606 7£0.019 6b  0.059 2+0.001 8b 90.24+0.000 2¢
PN2 2.260 0+0.057 3b  0.339 3+0.006 8b 84.98+0.001 1b 0.586 7+0.002 7b  0.055 0+0.000 2b 90.62+0.000 4b

H: RIPUAR R ING R R R A B 2 7] 22 5 18 3% (P<0.05, Duncan Z2H K58 ) . T [A] o

Note: Different small letters in the same column show significant difference among treatments at (P<0.05, Duncan’s multiple range tests). The same

below.
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Kk, it F PVE F1 PVE 4li £k 11 #1 BE 0% A Ricb A2 E 4
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F 1 R] A, ER A R, NS Kb B G R TR K 8
CKAbFR G & FEAR T 11.049% F122.5% . Jiti JFF A= 9 30 8%
KA, PN1 . PN2 b A KA K A8 NS Ab 3143 J31) J 2
PEF T 7.14% 1 5.58%, FRA B E N T 27.79% Fn
31.03%, G2 fift T NaCl XF /K FE 2 07 (0 W3 o B AR
PN1 ., PN2 b B /KA K AT 2 I F CK AR #E  {H PN
PN2 b BEAR K AR 4 F CK AR FRAJC B35 22 57, (L,

[0 i Leaf length [ #R4 Root length

40 a b

= b
c = —
e
g 30f
-
%o a a a
— 20 [ b
Y
W
10 -
0
CK NS PN1 PN2
Kb FH Treatments

ANTA/INE RN AR H ) 25 S . 25 (P<0.05)
The different lowercase letters indicate significant differences among
treatments (P<0.05)

B ARAEKFEMHFFREKE

Figure 1 Leaf and root length of rice under different treatments
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MR ZR K R R T AL TR AR R T AR AR AR A
MR R V-1 EAR NS Ah B 43550 B 25 2 3 T 14.59%
18.59% .22.94% .26.97% .24.22% H116.33% ; PN2 itk
R ZR 45 T 46 A5 58 NS Ab 343l B E 3R = T 17.13%
16.96% .30.74% .26.58% .34.38% F1 18.37% ., 4i& K
F 5 NSALFAI L, KRR R A0 A i R 5
MK, T BEAS B Gy 0B 4 77K 43 e 3243 il . {3
PN1 4b3 5 PN2 2 B AR RIB S IF A B & 25 5
24 AEISEKBHRAESHNIHEZERSE

R R TG EE R E R A E
JEKREUEA i SRR A, SRt e S T KR
MG A HERE (2 4) . NSAbFRAS CK bR LS i
AR T 35.98%, Mg 8] COL Y& FE T T 60.63% , 7% i 1
RN T 34.52% , A H B WAL T 52.11% , iEW £
Jolrif 25 T AL NI B AR G A R N R il
FHA Wy 038R e 48 = 0 5 3%, PN PN2 b 3l
R 2 B NS A3 i 2 = T 34.08% F140.82%,
H PN2 Ab B 5 NS 4b FEAH EE , /KRG M R ACFL AT 38
T 22.22% fE i T R B RS . ZE I AR TR OK
FE 7K A W Wi RN 3z i 1) £ %2 8 )7, PN PN2 Zb B
7% JH T R ) A NS 4b BR O E R T 23.90% F

R3 AEAEKFER R EEEE

Table 3 Root scanning characteristics of rice under different treatments

pBLi MK B [ FIH &R I HER
Treatments  Total length/mm  Projection area/mm’ Area/mm’ Surface area/mm?’ Volume/mm® Average diameter/mm
CK 407.99+5.44a 23.56+0.49a 18.66+0.32a 72.85+1.07a 2.18+0.08a 0.63+0.01a
NS 317.37+4.05¢ 16.51+0.18¢ 13.60+0.14¢ 51.68+0.32¢ 1.28+0.05¢ 0.49+0.01¢
PN1 363.66+13.34b 19.58+0.90b 16.72+0.50b 65.62+1.00b 1.59+0.03b 0.57+0.01b
PN2 371.72+£9.90b 19.31+0.95b 17.78+0.34ab 65.42+1.08b 1.72+0.07h 0.58+0.01b
R4 AELEABHRAHPAEGSHIMNERSE
Table 4 Photosynthetic parameter and chlorophyll content of rice leaves under different treatments
Jrsty fﬁﬁﬁi AL i) C(.)z‘?ﬁ&ﬁ ;I?%ﬁ$ LEES NEa iy
Treatments Ph()t()synthfitl(z fate/ Stomatal corfdu(itance/ Concentration (1f CO./ Transplratl(;n rfile/ Chlorophyll ft()ntent/
pmol-m?+s™! mol-m= 5! pmol -mol™ mmol+m2-s"! mg-g!
CK 22.30+0.92a 0.754 8+0.02a 158.65+2.04¢ 11.50+0.38a 1.72+0.06a
NS 10.68+0.45¢ 0.483 2+0.01¢c 254.84+9.48a 7.53+0.28¢ 0.46+0.06b
PN1 14.32+0.57b 0.567 9+0.05b¢ 186.47+1.84b 9.33+0.16b 0.60+0.07h
PN2 15.04+0.52b 0.590 6+0.01b 200.02+7.44b 8.95+0.22h 0.48+0.01b
http://www.aed.org.cn —101—
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18.86% . HfLI] CO, ¥k i Fifi 75 D' 55 RACHE A 15 iy B A1
PN1 A1 PN2 &b BRI F ] COL ¥R JEE 431 8¢ NS Ak 3 3
FEAR T 26.83% M 21.51%. MR ERYIEITEE
TERM 2 AR A E R ER oD 72 b 2HAA
O VEFH NS b H A CK A BRI & 28 3 s B AIK T3 1Y
Gy = AR ER A EE A T SRR A L EANS 5
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10, W84 R Na® B3R K B30 H ol 400 B Ji A 5 b A
Na® Clid 5 BRI ™ AL B 135 . R Nat/KOBi
TP AE NaCl JHipae ™ (0 AR KR BBk GT o 3 3 0 5 7K A
MR S & o Na LKy 35 1 (3R 5) , & BRAE NaCl i
MR AR Y A Nat5 i 205038 i, e H A e
M 57 B, NS AR BRI A A Na® 5 48 CK Ab PR 5
T 18.64 % , MR R Na™ % 55X CK AL PR i T 2.32
fi . FPA LB PSR TEEES KK
i th R EAE R S R R B A AR R AR AL, NS
AP FRHR Z K55 40 CK AR 3 i B FAIR T 50.80% ., 5
NS 4 FEAR L, PN A B X A R A PN 40 0 2 7 1 3s 7%
JCR 3 R, H PN2 Ab R SRR T 0 ARk 1/3 Na
AT, T RS T Na/K*, fe B2 1 £h I8 ¥

W FEESBEW,
2.6 AEIAEKTEM F IR R EKEEYE

A 4E AL 9 5 AL T (SOD) it 51k & Bl (CAT) J2&
A0 R P9 T8 I 0 P A1) S B i, — 3 5 0 SR AR W il
(POD) WIMAVE R, w8 B 4 4 P9 1148 420 B 8 1
F 3 oA 0 240 L 4 32 A 340 o T P9 1 (MDA)
BB AS S WLRSE R L AR AL R R G sz B R . R
2T 7K R 0 il 3 A 1) 2 ) 2 A e oA i A
(#£6) ,NSALBRI /5 SOD , POD , CAT 3% 743 51l 4% CK
b PR 2 FEAR T 27.72% . 32.94% F1 24.02% , MDA 7
T E N T 87.88%, M v 4t A 1 57 B AS [ AR FE Y
AAbHifs. 5 NSALFRAHEL , PN1 AT PN2 &b B 0t F o
SOD {1k 43 591\ 2 #1275 T 28.58% 1 32.84%, POD 1%
P43 530 . 2 HE 7 41.69% F142.69% , MDA 5+t ik % %
T 28.36% F120.97% , T8/ T 4 B i 8L fe 451 473
Pem TOKFIR M ERAE J1 . (H PN AL BRI PN2 4b FEAH
e, SR HUAE AL RIS PR A MDA & BE LR
27 AESEABHFFIREARETESE

Ca J2= 5% W Al ) 396 15 SR 1 A B A% 32 % AH 6 JE [
RIKMELEICER s Fe A M S ZLH YR, 56
AVEREIAI, [FFE, Mg, Mn  Zn LH R AE 1A N
ZHEam RN INESES 5% HIRF PVE KIL4ifk
Xt K R AR A B T 2 B RS2 XK ARG I e AR

RS FELEAKFEMHAFIRENa K SERMHLL

Table 5 Na".K"contents and Na’/K" ratio in leaves and roots of rice under different treatments

I F Leaf HEF Root
QIE B =N + A B + A L + A B
Treatments Na" it Ko Na'/K* Na" & 1t K Na'/K*
Na’ content/mg- g™ K* content/mg- g™ Na® content/mg- g™ K* content/mg - g™

CK 3.77+0.46¢ 40.63+2.97a 0.09+0.01¢ 8.18+0.30¢ 25.75+1.31a 0.32+0.03¢

NS 74.03+3.64a 39.74+1.63a 1.88+0.13a 27.19+0.17a 12.67+1.44bc 2.25+0.30ab
PN1 70.44+1.33a 39.11+1.09a 1.81+0.08a 25.66+0.67ab 10.16+0.68¢ 2.56+0.19a
PN2 47.15+1.27b 39.92+1.46a 1.19+0.05b 24.24+0.80b 14.09+0.12b 1.72+0.05b

Fo FELIEKTEM F R RN AU

Table 6 Activities of stress resistance enzymes in leaves and roots of rice under different treatments

JKAEFAL Rice position  4bFH Treatments ~ MDA/pwmol - g™ ' (FW) SOD/U-g ' (FW) POD/U-g"*min (FW)  CAT/U-g"-min™ (FW)

A Leaf CK 50.15+4.39¢ 446.62+6.95a 431.92+14.78a 9.74+0.30a

NS 94.22+3.47a 322.83+29.99h 289.63+5.12b 7.40+0.50b

PN1 67.50+2.51b 415.08+14.95a 410.39+21.77a 8.19+0.43ab
PN2 74.464.02h 428.86+5.12a 413.28+16.10a 10.34+0.49a

HL 2 Root CK 30.95+4.31b 527.29+13.62a 257.10+13.10a 2.44+0.14a

NS 70.58+2.37a 308.25+35.31¢ 220.50+20.32a 1.2120.16b

PN1 60.57+4.78a 283.21+16.39¢ 277.41+26.96a 1.4020.16b

PN2 68.1023.53a 399.06+20.84h 299.16+9.87a 1.0420.11b
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# Ca.Fe Mg . Mn . Zn 5FOCR T TE (£ 7)., CK
AR I 5 FIAR 2R 9 Ca & it AL F A AL B . CK Ak
FE o 8 Fe 7 i 3 R T Ol Ab B 32.46% ~
38.01% , ik BB BEAR 1 it i i Fe it 0060 T
M2 R 0 A B, TR T KRR E A VE . PN2 4k
MR AR A Fe 5 i 0 K T NSO HE Mg S B &= T
NS Ab#, {H PN AL B AR N it o 28 % & 5 NS Ak
IR EES.
3 itig

A= D R 28 TR L P i 2 A 0 R Ay
Ivi] 14 D LA ) B RIS A 40 0 AS T A 4 )
R AFAE AN 5 75 43 W AT B8 o A i 2 1 S 3k 1Y)
WA o RS R AR A T T, 8 A R 2R A B )
Yyrh 2 SR SR B A B A B3, ixX R B A
PIRIBCR F5 AR R A TR A3 AR USO8 4o 185 i
WO TERR A2 A 0 5 43 RS, AR i 56 it ] PVE
JE A BT 2S5 1E K REAR R B T AR &
X AR A B NS AR BRI 4 R T 14.59% .22.94%
F116.33% , KFEHE R TR &3k, T #2557 H R X 7K
Gy TR W R RE Ty FTE AR RIS 9 3 38 2 B
Yy R AT DAR AR ) v g R A o R Y
Az, DL B G RN GRAC S Hh ) e I Y TR 3R GA 5 T
PR, i FH PVE F PVE 2646 ¥ J5 it - SOD . POD 1%
PRSI R FE A, MDA % 1 8 2 T B, UER] PVE W2
i) T KRB AR BT A A 5 2 , I 1T B 2 5 i) A U
WE AT IE 200k B AR e 2 R B R e i 1
o BRILZ AN, AW R i b & BLAE %38 1 1 37 F
WV TR 15 5 55 AL, R R o R A G B il
T P A2 M) B8 R A% T AR 2 AL it (Rubsisco ) 1 5 46 34
TR T A AV R AR DA K 4 4 s SR )

S, it PVE G, M R 6 SRR 22 1 R
A B AT, TR I T I X 3% 43 Wl i) 2h g, 4
IR I A 1y e B B 2 v T NS Ab B

IR 7 NaCl 2 100 mmol - L™, NaFl CI /& 8 55
W e EE R B S 200 0.6% 1 R
thim, B THEERA A . B AR X £ 2 v R A
TR, R BR8N KRS 25 8 AR ] i RS | F
O I R L ek AR A I SR S TR 4
55 25 P 1 A, M 2 R K R KRR R 4
BAR AR Jy AR, e P R £, it
K PVE & 4 ALY 7E 0.1 g - L B AR (476 JT] i T #g
% 1 7K R 4 7 7 2 U I T R SO o TS R TR LV
PETR |5 T M550 DA R 2R B SRR IR AN 4 4 A
[, {H it FH 3 Bl R B07E 50~1000 mg - L7 22 8] o A it
5, PVE FH AR & AL P11 25 19 1/500 000, ££
Z AR, I AESIN N PVE & —Fh i 4k H B A & i
PR E PRI R .

A= YRR BR S P2 = VR A et Pk | BRI AR
D IR A3 R e TS Y B AU, A i el B b R £
R SR AE T A %0& 4 . (HLLPVE R, A= 4 il i 2%
FEHE) A AR T A —E R PR . 5 B
Sl R AL VEAE Y R 0 SCR A AE R, 7088 5 R Ak
HbFL FE AR b B FH A= R R VR AT RE AT AR
TR B THRA YR E Ik T AR, 3
WG YRR AR P R H 2R 2 A H
AR PR R K T AT AR W R b SE17, 31 %)
FAYRIE R TR S B0, B = Bh2E 1 R A7 F
W, B E R RS AT A, AR ALY
A= R 5 2R IR Ak B I I A/ R
AK—Talt A, B SRt A 7 SO ] 2R il i 22t
i KRR PR G B R AR O, PVE B4

RT AERMEKBHERAMETZREE (ng-g")

Table 7 Contents of trace elements in leaves and roots of rice under different treatments (mg-g™")

Fe

Mg Mn Zn

IKFEGHRAOL Rice position  ZbFE Treatments Ca
M A Leaf CK 3.629 0+0.184 1c
NS 4.393 3+0.104 Oab
PN1 4214 0£0.021 8b
PN2 4.712 5£0.096 1a
HE Z Root CK 4.045 2+0.126 3b
NS 4.815 2+0.077 5a
PN1 5.096 0+0.182 9a
PN2 4.825 3+0.199 9a

0.388 5+0.007 3a
0.281 5+0.017 2b
0.286 0+0.019 9b
0.293 3+0.017 Ob
1.363 1+0.154 7¢
4.598 8+0.686 7a
4.217 6+0.327 8a
3.722 4+0.202 8b

0.334 7+0.029 6a
0.234 7+0.022 3b
0.255 9+0.016 8ab
0.252 8+0.009 2ab
0.131 2+0.003 6ab
0.099 6+0.004 9b
0.109 2+0.014 8ab
0.141 4+0.006 6a

1.014 0+0.065 5a
0.627 0+0.041 6b
0.476 0+0.049 4b
0.663 0+0.018 1b

0.226 1+0.021 7a
0.182 9+0.023 9a
0.145 3+0.005 8a
0.190 3+0.006 3a
0.175 2+0.004 4b
0.251 8+0.025 3a
0.257 4+0.005 9a
0.241 0+0.011 7a

R R . MK R4 0.01 mg-g'o
Note:— is not detected. The detection limit of Mn is 0.01 mg-g™".
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