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Effects of AM fungi on the growth and protective enzymes of cotton under NaCl

stress

HE Xue-Li“?, ZHAO Li-Li', LI Ying—Pengz (1. Hebei University, Baoding, Hebei 071002, China; 2. Northwest Sci-Tech
University of Ag}-iculture and Forestry,Yangling 712100,China). Acta Ecologica Sinica,2005,25(1) :188~193.

Abstract : The effects of AM fungi on the growth and protective enzymes in cotton plants inoculated Glomus mosseae and Glomus
caledonium under salt-caused stress conditions was studied at the levels of 0,0.1%,0.2%,0. 3% NaCl added to the soil for the
potted plant. The results showed that application amount of NaCl significantly influenced the growth of cotton plants and
inoculation effect of AM fungi. After inoculation mycorrhizal infection rate was promoted, and total dry weights and output of
cotton were increased, which was the best under applying 0~0. 2% NaCl density. Leaf syn-pigment significantly increased in
the period of showing buds and 0~0. 1% NaCl density. The content of soluble protein and activity of protective enzyme, such
as SOD, POD and CAT increased in the pregnant later period and 0. 2% ~0. 3% NaCl density. The content of K, Ca and Mg
varied with the position of plant and NaCl density. It could be concluded that the mechanism of AM fungi strengthening the
salt tolerance of cotton plants may be the direct role of AM fungal hyphal contribution to soil minerals uptake in mycorrhizal
plant, and the indirect role of AM fungi improved mycorrhizal plant interior ionic balance and the physiological metabolic
activity and enhanced the activity of protective enzymes.

Key words :NaCl stress; AM fungi; growth amount; protective enzyme system; cotton

MRS .1000-0933(2005)01-0188-06 FEHH4ES.Q142,Q948.12,5562 N WIRIRI A

+EEFREWRIVAETSASHEN T ERARZ — Ed4AYREHFAY R ENENRTE  URSEHY ALK L3
TETFHREFEERNSAERLEIEXBRBEEF FM . ABEBEE (Arbuscular rnycorrhlzal fungi, Rk AM E B )EEHE 5 80% L)

LT H . #HEXRB¥REARBHEHESHBTHE (141101 ; b & AP KF P2 4 % BN H (0808) ;ﬁﬂhkﬁiﬁalﬁiﬁ 2P B

B e
I 7 B 8. 2003-10-09; 17 A M . 2004-05-25
EEBN HWEHQ963~), B . BRIAHEBA . HL . HBX. TENFEYEEER T BMETEHFR . E-mail: xuelh1256@yahoo. com. cn

Foundation item.the Scientific Research Foundation for the Returned Overseas Chinese Scholars, State Education Ministry (No. 141101); The

Scientific Research Foundation of Northwest Sci-Tech University of Agriculture and Forestry (No. 0808) ; The key Discipline of Bio-Engineering
of Hebei | ity

Received date.2003-10-09; Accepted date;:2004-05-25

Biography : HE Xue-Li, Ph. D. , Professor, mainly engaged in biodiversity and soil ecology.



1 BN F:NaClbaET™ AM AENBEEERKAIYN T RAPBRENEM 189

il

h-

FTRHYBIHEXR  HEXRZNBELTUESHY N Y. EEADERKDYY, REAM AR SHYELRT LI
HAENZBCHERHECY, ERAGFT AM ERNAYNEM BN REREZS . HBEX AM RHAELRKRF R SHY I,
ZRHERVHEATRREERD, FEREEBEAREERN NaCl 2463, B IT AM EERSWELE KX R LXHERIE, B4
B R R B & AR AL Al A R R AR

1 MRE5AZE

1.1 REMH

ik R A LR KR KRR EWHER (0~20cm)  E RS KRS . LA IR 11. 5g/ke HHF R 47- 8 mg/kg.
B 8. Img/kg. EBH 172mg/kg . pH(H,0)7. 83,.CaCO;58. 4g/kg., Stk O oM. i AM AE N Glomus
mosseae (] P B 2% B B 1 138 AB LB 5T FR 3 4 #l Glomus caledonium (B P EP #2EE R T EA R AR . MR EMHH AM E
HONEGREET KEMEREBSERT HLARLEEEREIVWERESY.

R A8 K 24cm X 30em X 30cm FJ R, A% + 10kg, BRI /EER 100g, S ELEEEBRAMERBKERN .
20024E A H 27T HETHM, s HASAHE.S A S HETEM—BWAEHHME 2K BEREN 1 K. A KHE,BREHM
T, A AEMBR,. ML 7 AR, TN EEHERKEER . HFEABTHCH LB . BEHC A 15 B MG H
13EYMEMOA I B)SHMEMBRYEREELIER,1I0 8 12 HEK . WEEY T . S EBHEE 6 K,

1.2 RBRFA®

R 4 PEEKF(0.0.1%.0.2%.0. 3% NaCh, [{— A FEEH (FMIEAEMR(—M2ME.BER 6 K. FN, B
5 kg 310 0. 25¢N,0. 20gP,0s,0. 25¢K,0, R HLHEEY] .

Ha 75 W 2K B 8 4R 2 e 3R 4% Phillips Al Hayman 7 ¥ 2™, 7EMEE M CERE 4 M) ZEMGE 2 rrDO MBI B 1 A2
HOB#FTHERE, HEEXSEANERERE; TAEEASTEAS IHRE (G-250) 1€ ; B |9 i {L B 15 £ (SOD) R K
NBT 4k 358 Bk 0 2 (A5 NBT B8 10%/E 0 1 AN BETE 40D 53 EAL S & 1 (CAT) A 58 4 R e 3k W 8 (LA 43 b N
SIEREFEER/P 0.1 WEE PN N 1 MEIERLD; TEAYEEE L POD) AL KRB E (USSP E%EE L 0.01

MESE/EN 1 MMIEEN) ;MDA S EAEB K EZRENE ;ML BARERS . W EMHKAEN Na.K.Ca.Mg SBAHET
OREEDT, HHCEVUR AR R K ARSI E  BE Y B E WE B N & &, NaHCO, B #- %E%%ﬁtté&im%izf&
Pa&, tH#E KA Imol/L NH,OAc HWHBRE)S , AR TR HE T E,CaCO; AR ,pPHA 1 1 KB, BE
k.

RIS B SASS. 10 k& 3175047 .

2 BZRE5HWH

2.1 AM HEH NaCl ¥ BE XA TE S F I H

HIAR,EfAM EHESESRERERZERERE, NaCl IE R 0 Bt , SR EFM R L, SR/ 40 B R & A
BHEABBERE, MY 10.3% (7 A 15 HO)M 27.8% (8 A 13 H) ., BEFE NaCl I ER . th g ™ EM& 7 AEMHEHN
ERKEE .M EMAEKNERRREERARMRE . SEUKFOAREMBEEAMEEL, NaCl ¥ 0. 1%8f AM EFER EREHE

F & F

I P

"
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F 1 NaCl B TEEM AM HEXREEKRIE
Table 1 Effect of AM fungi on growth of cotton plant under NaCl stress

fi
NaCl 7K F. B BRI 40 B R BHRK 5%
3 _ Leaf number Fruit shoots Infection rate
NaCl levels , Plant height Shoot count Bells
(%) Inoculation (em) (No. /plant) (om) (No. /plant) (No. /olant) (%)
’ 15/07 13/08 $ /P 12/10
O - M 28. 2 0.3 0.4 4. 0 4. 3 22. 4
+M 31.1* 10.0 0. 42 3.5 5.5* 56. 8
0.1 —M 28.1 9.3 0. 38 3.3 2.3 31.5
+M 27.9 8. 8 0.42* 3.8*% 4. 5% 62. 3"
0.2 —M 25.6 7.5 0. 35 3.0 1. 8 23. 3
+M 26. 4 7. 8 0. 35 3.3 2. 8" 54. 6
0.3 —M 26. 3 7.8 0. 34 2.5 1.5 12.5
2.5% 50. 7"

+M 26. 6 8.0 0. 35 2.8"

e i . T

—M  AEH n-inoculation, +M #:# Inoculation; * ERHESAEFLHEMELERAED SN B FEKE Mean 5% significant difference

between inoculating and non-inoculation with AM fungi; | [@] the same below
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£ B ¥ I 25 3%

ZEH REBAM AR 2B T 10.5%.15. 4% f 95. 6% ;0. 2% ~0. 3% NaCl ¥k B i} 43 b A5 bk i T 4 5070 2 8038 jm 84
B. RHEMNAM ERESREFELRBEMREEESEZRIrMHEA RHEBEDEK.
2.2 AMEFEHM NaCl IEXMN BT RAGERETENE W

NaCl ¥R O B , BB R Bk S AR BEHEE MR BEHFREMRAST VRS ESHNHEMT 23.2% M 24. 1%, A28
EIKF(E 2), FE NaCl i im , BB SABEMKE T HEFRESEZHER. XV E N ESEEABH AT IEM. /£
WA NaClLIEER 0. 1% ~0. 2% B  ERHHKEAENKESEFT AT EZRZNLAET PETEBTMAAK;NaCl B EH
0. 3% , B MEMHEH F EHEZRANMKHE NESERER T AZMK, W NaCl 38 F 880 AM 25 854518 B gk ot

FHERMLHAD PEFTE.

£2 NaCIBHiET AM HEMBHEHERANAXAT P RIBOER
Table 2 Effects of AM fungi on total chlorphyll and caretenoid contents under NaC(Cl stress

A A Pl

BEHG% KA PE
NaCl K ¥ 1 Fib Total chorphyll Carotenoid
Na(él;)"els Inoculation (mg/gFW) (mg/gFW)
01/07 15/07 15/08 01/07 15/07 15/08
0 —M 1. 35 1. 74 1. 42 0. 372 0. 294 0. 236
+M 1. 40 1. 83 1.75" 0. 375 0. 289 0. 293
0. 1 —M 1. 21 1. 77 1. 46 0. 349 0. 286 0. 265
+M 1. 27 1. 74 1.52 0. 365 0. 291 0. 276
0. 2 —M 1. 22 1. 62 1. 42 0. 364 0. 277 0. 286
+M 1. 30 1. 66 1. 56 0. 383 0. 288 0. 297
0.3 —-M 1.03 1. 62 1. 60 0. 308 0. 284 0. 288
+M 1.17* 1. 69 1. 67 0. 351" 0. 293 0. 291

2.3 AM EEM NaCl IRE XA EHEEB R MDA & & W&

i % 3 8] W, NaCl ¥ & % 0~0.1%5}, J%iﬁl AMEFHME&TBEERRESEEZ WA K, A 0. 2%NaCl ¥ B £ 8 f
0.3%NaCl IEERFHAMAR Y , BRI BTES

AR ERAEER T AEMEK.

Ju[u

NaCl ¥ EXR o, B/ AM EEXTHEH MDA S8 A K, A 0-1%.0. 2% F1 0. 3% NaCl YRR, BEFP R S AR
MM, Hh MDA S BB EBR MM EARERTFTHT A 15 B). @ 1 B)YMEHO A1 B) . iiERM AM EFET
FAENE MDA S 2 /R EBMAKE,

3 NaCl 8T AM HEXRMH ATE%E S R# MDA 2 &% M
Table 3 Effects of AM fungi on soluble protein and MDA content of cotton leaves under NaCl stress

NaCl %k Rl I # & B8 [’ Soluble protein A8 MDA
NaCl levels Inoii - (mg/gFW) (nmol/gFW)
(%) 01/07 15/07 01/08 01/09 01/07 15/07 01/08 01/09
0 —M 10. 08 11. 70 7.56 6. 90 17. 34 19. 70 26. 34 43. 97
+M 9. 31 12. 78 7. 94 7.19 17. 73 21. 20 31. 40 46. 36
0. 1 —M 9.18 8. 06 5. 54 4.19 18. 31 23. 22 31. 03 57. 70
+M 9. 75 8. 52 5. 31 4. 38 17. 50 19. 77" 28. 93 63. 63
0. 2 —M 8. 74 7.18 4.11 1. 61 19. 77 28. 20 35. 18 84. 00
+M 9. 29 7. 64 4.54 3.35* 21. 52 31. 33 59. 15 71. 65
0.3 —M 7. 54 7. 14 3. 33 1. 35 20. 52 46. 04 51. 88 95. 41
+M 8. 50" 7. 45 3. 54 1. 62" 31.76 37.64* 41. 76" 79. 66

2.4 AM HEM NaCl #& B X5 - Or 7 B 15 4 A9 %2 i

2.4.1 SODEH HEL4TR

& NaCl Y & B S AR BRM B SOD 15 1 Bk 85 3 319 & 1 F & s, 34t i 38 35 4K

KM, SAREMEME,0~0.1%NaCl ¥R ER, R/ #k SOD FEH:E LT WK 8 HAE MR ;0. 2% ~0. 3%NaCl & E i1,

w R R i SOD & #4351

B 1 22.500 M 42. 104, SA MR, 275 B 3F KK . NaCl B8 T 385 AM EE XY

W

ML A K AT B SOD WA B RHE/ER . MEE A B ERE SOD Ei#.

2.4.2 POD EME HE NaCl EERE . AEMHKEH F POD EHEAA BT RBTHEH AR . MEAKFREMKAIATHE
(RO, GAEDPKHEE AFHWENKRGT A PODEHEHEHEEF N OB 0.3% 2R E T 117.8%.67.5%.204. 5%
33.6% , MAEE W UMK FER T 36.1%.35.2%.18- 2% 43.9% . #.88 NaCl i T8 AM EH BB AR AT R R
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POD & 1%
2.4.3 CATEH HEAVR.XREWERDTHEE .4 MUENPAEFRMBERBERNY F CAT (G WA F kG 7 B

B EEMEH R CAT BB RA BB RERAT. NaCl RER O B, A MK S EM ML, CAT HY
EMHREREDH F CATEEMNK BEHSHERT, AHEEM:EARFTAT CAT EFH
BT 83.6% (REHI),0. 2% £ ¥k 1 w43 1 -
HT 22. 9% UBREN) .214. 1% FEBID AN 59. 950 (B8 . B4 NaCl e T #F AM EEER

AEAHE ;FEE NaCl ¥ ,1
EEABE.IN0.1%E %)
(B8, M 0. 3% L Wk E ot 4 3§

ZERBMIEN F CAT Wt

X4 NaClBpiBEHGT AM EEXBEH R/ R:

i B fp ok CAT 35tk

il F304:0p AT

E |

Table 4 Effects of AM fungi on protective enzymes of cotton leaves of under NaCl stress

il

M AAREB

= 1 133.2% (B A 32. 1%

A 0 NaCl 7K ¥ NaCl levels (%)
En%yflle Ea?; 0 0.1 0.2 0.3
activity —M +M —M +M —M +M —M +M
1/7 248. 48 176. 24 219. 52 206. 23 194. 90 202. 26 175. 49 178. 54
SOD 15/7 129. 02 127. 68 148. 95 144. 37 205. 14 222. 47 246. 36 208. 55
(/g 1/8 167. 07 160. 28 159. 63 145. 39 148. 37 158. 08 128. 87 137. 59
1/9 139. 50 154. 34 * 127.73 128. 66 101. 49 124.37* 74. 98 106. 54 *
1/7 1.15 2. 50" 1.91 3.20* 1.92 5. 84 * 3. 56 4. 76"
POD 15/7 3. 20 3.11 4.03 2. 54 4. 80 3. 41 6. 83 8. 64"
(/) 1/8 12. 69 14. 49* 11. 89 16.18* 7. 41 6. 54 7. 31 4. 98
1/9 18. 87 12. 06 16. 07 10. 41 8. 49 6. 95 8.16 4. 58
1/7 99. 56 79. 25 139. 06 130. 06 144. 81 149. 19 128. 11 93. 03
CAT 15/7 60. 06 62. 88 70. 69 74. 38 89. 31 83. 22 67. 50 83.06*
(/) 1/8 64. 83 67. 92 55. 75 84. 00 * 57. 33 87. 08 * 53. 25 85. 58 *
1/9 68. 92 50. 17 55. 05 56. 08 49. 75 65.75*% 43. 50 69. 58"~
2.5 AMEHEM NaCl IkEXMERANT R TRZENE N

MFES B, NaCl YRR O B, 88/ AM HEFEBEE E:
H70.1%~0. 2% 0, 8/ AM EB B E3

REERH LB R Na filCa 8, K 1 Mg &8 ,NaCl %K F
B TR LB KACa FEAMBAR Na FE,MXHL EF Na M1 Mg S B EMB R K.

Ca.Mg EBEWMAK. BEEEO.3YON . EMEEARAEMKRME. . L3 Na K. Mg SBF#HERE K.Ca. Mg SBEFERE.
WHEFPRKEZGTEMKTIERRSHE P K.Ca SEM BN MEEZEMEREELURSH EHAMR R K.Ca 1 Mg
HERBERFEE AR,
2.6 AM EREH NaCl S EXRELEY B KK W

MFE 6T, BE NaCl K EHE . B SAERREY B EEK. B2F AMEFNKRELEYF-BRHBRRER —E R
FHAEA BRI REEEARMAEEEZR.

NaCl ¥Rl OB, SRR R AR L . e M LAY BER KR, B TS ENHBEA RS ;0. 1% NaCl IER ,

7

HEXBARED = ER WA K,

~EHAMESNERT 21.87%.41. 18% 1 14.80% , 2R X B F KT

#5 NaCl BT AM HEMNREEKT RTRIBHOEXMN

Table 5 Effects of AM fungi on mineral element content of cotton plant under NaC(l stress

75 0. 2% ~0.3%NaCl ¥k FER#ER AM

NaCl 7K b T #3854 Upper plant(%) A& Root(%)
NaCl levels ,
(%) Inoculation Na K Ca Mg Na K Ca Mg
0 —M 0. 386 2. 775 1. 421 0. 988 0. 731 3. 989 1. 622 1. 608
+M 0.438" Z. 321 1: 662* 0. 880 0. 808" 3. 343 1. 792" 1. 576
0.1 —M 0. 536 2. 268 1. 424 1. 096 1. 032 3.233 1. 805 1. 515
+M 0. 560 2.626" 1.599" 1. 026 1. 066 2. 378 1. 010 1. 485
0.2 —M 0. 700 2.175 1. 404 1. 126 1. 086 3. 202 1.537 1. 533
+M 0.704 2. 677" 1. 543" 0. 965 1. 437" 2. 745 0. 904 1. 475
0.3 —M 0. 803 1. 436 1. 413 1. 073 1. 141 2. 295 0. 649 1. 417
+M 1.118" 1. 994~ 1. 455 1.112° 1. 230 2. 981" 1. 126" 1. 533"
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B JLFERBHEDHNTERBEIERY . 2R EEH . LEMARHETAERAXN BHRESETHOH FHEEM
NBEHEARSEAS TR, BB EME THEEMND R . FHEXENEQRABERE SN, MEFHENHFHEEMA

et

EORSRERENABTNNLPAER TAEMNK, ERABEKF. HBEM AM KHEH B B8 b d & R a1

WEAEL RSB ER T, AR EBAENED = £,

F6 NaClBMEFEHT AM AEXNBEEN >R E N
Table 6 Effects of AM fungi on biomass and yield of cotton plant under NaCl stress

NaCl 7k 3% #b | # Upper plant(g/pot) B & Root(g/pot) ¥ # & (g/plant)
NaCl levels ﬁﬁ'_ ¥ F&E 4 F & Seed cotton
(%) Inoculation oW DW EW W sield
0 —M 32. 01 12. 78 5. 04 1. 66 4.12

+M 31.19 11.47 5. 59" 1. 67 4.52
0.1 —M 27.76 8. 45 3. 89 1. 34 3. 58
+M 33.83" 11.93" 4. 06 1. 16 4.11"
0.2 —M 16. 54 5. 40 3. 26 0. 95 3.18
+M 19.71 6. 79 3. 65" 0. 96 3. 34
0.3 —M 13. 35 4.56 4. 40 0. 89 2. 80
+M 13. B7 4.93 4. 59 1.15 2. 92

il

H &

HYWENHEMEHEE Na" RN EEE TR XRAE, L8+ Cl- H,PO; \.NO;7 Na" K "B FZHHFEEEEZSNHE
e itsd, B g b K* . Ca?t B b 6 of LAREAR Na* \Cl™ M Bk N A X & & (K/Na,Ca/Na . P/Cl H{ED) AT EREHE FF
. REEYHREEN S, SRR EREH . EMEASSTHEEAAFESI N K.Ca ZFS BBV B ERTH BREY

L E RGBSR EA G AYHREREEIEX, —LEYELRAERENK.Ca.PETESEZ Na MK/,

Z5Na BFEFRF AR IREXAAM AFFZ BB EMIIEFRBLEERLSIIY LRI REBEYR AL ERKBOT RE

FoENES L EBRENBURCRE T HAEAEKYIHEHRAEKERY, XWHEE AM AFRERERSAEN EEFNA,

BB REEYER—DREEIHE L ZRBRSERRY, SAERBMAL, ZRBEL T ER AM KRR T

BHRFZFHTHEBK.Ca TEES, SN EFARRAK.Ca MM S BES . XN THYWRENREREANM. AN K
ANRERLR EEMGATEEEATHERENBELMER ;MW Ca BEREVEABEIE P HIBR S & 0 IR 89 R 2 W Bk 45 19 BF
BBTHEEW, R EBBHEAN, BA R NaCl Az,

HEATFEMNREPREF M TEMNS AM EHENBHBR Mg & BIBK T AERBE, T8 £ (0. 3% NaCl ¥ BB X 8%

LY
-

=]

o T A o T8 4 O, B JLR K R 35 TV U ol OR35S e A PO IR B
i,

FREMBK, Mg BEYAERKNLT LR WREFEHYBEAR . EEYAESGER ERABORAHETEEFEEER . R
ML Mg BEF 5 AM ERZEINXRMAHT . BF FiE— 2T,

B REGEFNE S BEAYHALEGOD) . JEALEABCADASEALYBPODERHRAEZWEERIPEA, X=
EHA—BCHEEYENEREERFEABEKE AT LB BEGEF. e aYaEaEMNAMN CO, KRAZ M,

MWRBAERE, SAEMEHELIL, £ T POD BHER,. R a AT EHMERMN i SOD M CAT EFHEEE .M

POD {E# 8 K; B f R i MDA S B4 RFARMKYE, B A BN EEREBEKF. 8 NaCl BrHa & T, E# AM HE
NARAYEPEREAESY . FRVBEAERNENEREHE, ZFBEKENEZEWEREIEA NTRERENTEE. 5
SOD #1 CAT # ., POD HHNZAMBE R P ETRERMIBPERAGENTERL . OTTREEN AMERRBBEREA
R B 39 55 B i@ 3 POD A MR, U ERRARMIERFE—-BEARA.
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