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Effect of soil water content and inoculation
with Funneliformis mosseae on growth of
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Abstract: In this paper, the mycorrhizal infection rates of Bretschneidera sinensis under different water treatments
(40%, 60% , 80%, 100%) and time points were determined. Quantified morphological characteristics of the seedlings

such as height, ground diameter, and number of leaves, together with malonaldehyde content and survival rate in the
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inoculation group and the control group before and after different water treatments were also determined. The results were

as follows: (1) Under the condition of relative soil moisture content of 60% , the infection rates of mycelium, arbuscula

and the total were the highest, low moisture content (40% ) and high moisture content ( =80% ) were not conducive to

mycorrhizal fungi on the seedlings infestation. (2) The content of malondialdehyde in the inoculated seedlings was signif-

icantly lower than that of the control at 40% and 60% treatments, which suggested that inoculation with Funneliformis

mosseae could increase seedling resistance to drought stress, but with no obvious effect on treatments of 80% and 100%

high moisture content. (3) The relative water content of soil suitable for seedling growth under natural and inoculated

conditions was 80% and 60%, respectively. (4) Under the same water conditions, the survival rate of inoculated seed-

lings was higher than that of the control, with the highest (90% ) under 60% treatment, while the survival rate of seed-

lings was relatively low at 40% low moisture content and 100% saturated moisture content.

Key words: Funneliformis mosseae, water stress, Bretschneidera sinensis, survival rate

A 55 B ( Bretschneidera sinensis ) ¥ 44 B 32 K |
LLBEAE | 2 AR SR 20 A0 vhO Y SRR BB ), 258
S PG R X R B F R, RS A
MR Ge 8 b i E RN oy S 45y T B A BB R
24 {8 (Chen, 1984 ; Wu,1991) , ZFhE & 7 fi 1
Fe UL AR 3204 X B0 L bk i | 3 LSk I
HABTHIR ™, A B R D GRS
KR T MM, B4 T2 G, T
1999 4EHE 51 h [l 5 — 2 S AR P A Al ), IR A
(P EI R LT €8 25 51 ) g PEA R WS S (T K
85,1999 ; TEAN R #% ,2004 )

A SR AR A K 2 R A7 AR A S, 0 90 o e
Tl —F 2 41 v R 40 B B AR X PRSI H
R 3ok A BRI 25 07 vk B 92 B0 T R T 2 40 o
B (LB P, 2006 7K 2246 ,2011) , {H A\ 4l i %]
AL AR 2o Y 11 AR ) AT A e e, AR AR JRE A
TE T 1 A BH 0 B o) 0 7 A 4 B oG AR S R R
VEFABLE . AP R b6 25 0 A8 25 i i) 2 R A R 0, 2
S HRE/N, KB R R, AT R
PRI, & T 6 7K 43 328 i 1 SR U] O g (9% s A
,1999) . N AASRMAR AR F m A WAR E 431k,
BRI T XK Ay AT R R, ik, B
R TEEN T FEAA RN 1 F LGSR
R EEFN (FFHE,2010,2011)

MK B #R B B (arbuscular mycorrhizal fungi,
AMF) JZAE P 1A P 8 DL A — 6 38 o 3 A o A
MR, fEHIER B 80% MR A MR R Al 5
AMF JEAE T8 il DA RE TR A 36 A fA (Smith & Read,

2008 ; Wang & Qiu,2006) , FZ M58 £, N
R E A Bh F 3% & AW /0 Pt 2 2 ( Brachmann &
Parniske, 2006 ; P i %, 2014 ; # b Wl %, 2017 ; ¥F
FRELE 2017 ;3K FESE 2017 BUHR 45 ,2017) , JEE
P 3} 45 B2 85 ( Funneliformis mosseae , J 44 FE PG BK 9%
B ) e 0 SR AR 85 R R R IR —F AM LT
(FFEF56,2015) , B{A T FIEE S 52 (2000) 4)GE 78
1A AR B 3 b 77 A BR 2SR R A R
5 TR H AR v K SNSRI B 2 1, K
S (2018 ) 8 i X 7 77 44 4 v b BE UG R4 R S5 A
AR EL B, &I AMF G248 98042 W 38 X5 &) 1 1) e
&R A YR PO . B RS (2018) HFSY
e B 4G B M BE VY S R S AR 8 4 = Lt £
PE, TREFAE (2015) 7EEE VY 3|45 95 5 0 SR A A
RN AT S v T LB VG 217 40 s RE 4 95 1H SR AW 4
R A Ak W 7 AL B ( superoxide dismutase, SOD) 1§
PERHBEG A K H BT T AN R LK A
e M B VG 145 5 R 0 M AR B &)y AR K AR 2
75 T BB 58 R WA A

AW ST TR BT AR R A= B8 4 598 vp i L A JEE P 3
AR R TR AR LR 8 A I E A [ UK
34 BRI AR [ 775 A5 00 TR AR R G 8, K g0 A PR O
AN SR v ST R G WA PO =R L i el
T 5tk LA K &)y B G A8 AR RS ) K 43 A R A
FE T RE VG - 40 R ) A AR A 4l e 2R R R 3 g
AR, oA 53 BIR T AT SR A 40 A A O i A 2
PR B HAE AL F 5 32 B K
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1 MEE T &*

1.1 #FELFnab I8
11 B A SRR B9 AR+ T 2016 4F 11
AREA) R Bl ERERFRMAR (113°53" E,
23°38' N), FhF TR E N1 786.0 g, PR KL
bR S R B TR S YR, T
2017 4F 1 HRERGZEH & ,4 A, FFH 5 20 cm B
BEKEIET T,
1.1.2 X% x5 54X A R RS A T
AT FE el S 6 e M (113°217 E,23°10° N) iz
B AE P AR IR ST A & R R AT (DG, —
JZEBAM ), A oA ek o BRRE - TR b
Rl 2 IREHLEHRATY M4 E T e R
RK B 0.15 MPa JREZ) 120 CKTE 2 h, Hriif
— R R A AR 16 em, KT H N
1 470.0 g, H KK EH 0.76,
113 B A 00 o A9 DA KL B AR TR 7R o
REEVG A A, b BT AR MORL 2 B AE W 8 R
55 R UGB G BT < DA TR AR L B A W UR JE ( BGC) ™
PEpt . AN AR A R R B
ZHEAR DL DR G L BT 2H A, o RV S| s A 1
REHE R = H Mk A EME L 14.0 ¢,
B 80 ALAHIE
114 X3t 5 ik Ui — A4 B v =)
EREE (A ) M—A42 [{ X CK(B
M), B RO, A DB R 14.0 g B
Mo BeME 2 A7 EE ST R KSR, B i
— WK IBBEC 77 Hoagland 5 789 ( £ 494 ,2012)
ZEXIE B HAREMER, 5 A HKEFRY &AM
HE, A BPAT 2017 47 H 1 HAFGRHEFTK S5
AFE,7 A 31 HESH, X oK R E 4 AR
o 4R 40% .60% 80% F1 100% 7K F- .
AT ERN (1 470.025) g, KoM Ak P 4 4
B9 R (2000.0+5) g, (2200.0+5) g,
(2400.0+5) g.(2600.0+5) g( 13 AHXF & Kk
= A KR/ HERK R X100%) , it 4x2
AL, R PE 16 REE (45 16 %) . L%
R AR EE RAZS 512 180 mm 180 mm 140

mm YR E AL, KBS SR B 5K, 30
d J5 (2017 4E 8 H 30 H ) MELIC 5% 4% 41 4b B 1%
PREL THS S R S I bk v SR AR B
INTHR, TESEAT K A3 Ak B2 BT (BRI 45 d) Lk
Ay REIRFF LRI (3RS 60 d) 7K A3 Ab 3 dh ] (R
JG 75 d) KA AL BREE HRT ($ERR S 90 d) I RE 4%
SRR AR R YL e AEOK A A 3], B 10 d
— K BN % ( malonaldehyde , MDA ) 1% 2 .
1.2 58RI E
1.2.1 B &34F A PACHEBEER 9 BRAhH Tk 4k
BLiD AR R | EA R N W o S AN = 72 71 SANB
ERRE A, KBTS A 15 d WE i %
— R B N, KA AR B 30 d PSSR A R
YRS IEH TR
1.2.2 Bk & TESEAT KA AL B 2 1 ($E R S
45 d) JKAPAEFEIFIG IS (H2FP S 60 d) (K ArAb
W (HeFP5 75 d) KA REBRES A (B2 FR S 90 d)
RIEEFPAL (A 241) MM R AN XS BRAH (B 41) A7 oRAE
MSE , FAAEBEVEER 3 R4 EUEEIR 2R, VI 1 em
FEAT AR BE T K M1 5, FAA [ Y1
PH B Trypanblue 32 23 £ H 40 S B A
TEIG 3 AL T (Leica DM2000) I 40 15445 M 4¢
PRI 22 SR S5 4 RS LT ) R 22 | DA
WA AT AT — R 25, B R AR B I 25380 1, ]
Ry S g RN 15 25 B b B 2 R L B
GEF, W ARRPEE A TR I 1, TR AR e R4
L, AR IEUER 200 S HLET
AT Y B S A 3 R R (TC) =
SR R/200x100% ; 18 22 1R ¢ R (HC) = W 2
1RUTH /200X 100% ; MR % (AC) = AR
PeIH4/200% 100% ; R Y H (VC) = 127 Y
H#/200%100% ,
1.2.3 =B (MDA) RHGAD 2L (ES
4:,2000) , BN A HEER 3 BE %) 1 BOM [R] 4 B
INIE 0.3 g, PRIEHE T 5 A B0 I F R p A 14
AYERP AT 2.0 mL 10%TCA , UK BT i 21 3% | F H:
R E.OE T B 3.0 mL TCA sk w5k F#
BRI B EE 08, T M5 % AE3 000 « -
min N &L 10 mm,’{%t/ﬁ{ﬁ%)\%%lﬁ%'?#
I 10%TCA W RE R E 5.0 mL(V,) . B EH K
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2.0 mL T ZEE A 0.5%TBA2.0 mL, IR &
Ja (V) BEKIE 20 min, IR H 5O, IR
43 1F 532,600 450 nm 4L OD i, S5 57 FHAY
2. FWESETE T FA2004 HL T 43 B KO bk
J6HI XMTD-4000 H #4854 M4 H-2050R
&2 m UK B O AL, AR UVTS9CTR 48 4k
Al LA T

N (MDA) i (pmol - g') =

[6.45(Ag,—~Aggy) —0.564,5, 1%V,

VixW

K, Ay Assy Ao 73 MARER 450,532,600 nm
Wt T R RE(E VAR R S 38 O Y S A TR
(mL); VAR R B 5 Ry v AR S 2 BIR R
(mL) ; WA 65 (g) o
1.2.4 sE % IREIE®EFE 30 d WEIL RS
Sb BT MRE, TR RS R, S R = T AL B AR
T AR PR R A 2 AL PRAE PR S < 100%

30

o
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N
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PE |nfection rate (%)
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()]

f

o

K ég

B 75 d-100%

1.3 $ES

Fr 88048 F Microsoft Excel #5044 3:47 8 FRIF4E
l, FH SPSS 22.0 B 4 X # 4k o 47 Oy 2% o b, H
LSD 2 H LW 8 i 22 5 o R (CF 8
bR ZE , P<0.05) .

2 R 594

2.1 BHEERTHK

&L 1 AT AN R B ] 59 g FOK o 2T &
MR Y B N DR e R I T 2 %, #Fh
45~60 d, 22 KL 08 e S R YL R 1 B dnl 3
I, 2R YR (1.17£0.25) %4 75 2 (5.00+
0.45) % , F£ AR G i (9 5 L e K AR ) 47 e
FH(0.33+£0.25) %8 E 2 (1.83+0.25) % , WK 3
Fae R AR YR (0.67£0.49) %t m =
(2.17+0.25) % ; B2 YR i1 (1.83+0.25) %t Em &

[90 d-40% [ 90 ¢-60% H90 d-80%  EJ 90 d-100%

a a

e

Bl EME SR 2RISR (HC) AEIRIER(AC) JER YR (VC) MLEBR YL E(TC)

Fig. 1

Hypha infection rate (HC) , arbuscule infection rate (AC), vesicle infection (VC) rate

and total infection rate (TC) of each treatment after inoculation

(7.17+0.25) %,

IR BRTF UG IS, 45 7K 43 A B R) 45 e 3 1) 2
SEW W, 7575 d B, XA OKE 60% T, B
27 DABL R B G R e, g3 i ol (15.67 «
1.15)% . (5.17+0.76) % . (22.33+1.53) % , 1 {E4H
XF &K 80% Al 100% |, =& B2 YL R4 BT %
i, 7E90 d BrdL B0 T 2RI 25 2R, H R 22 M
MEAR PR & T 60 d B, 4351 4 (19.33 +
1.53)% . (5.67+0.58) % . (23.00+1.00) % , A] HE /&
Bifi 25 B 1] £ 2iE K 7E 60% LA AR K 43 & 2 F A F

T 22 ST XHR R FF LR YL, 1 7€ 80% LA
T RKAT S AR T 2 AR B RUR Y i
PRI 80% L I miyK 40 & it N IR YR E
T 60% LA TARAK /3 5 N iR YL, 70 d B, AH XS
FKE 100% T, 08 1 42 Y R a5 i, b (11.50 =
1.32) % 1M 90 d B, #HXF 57K 5 80% T, L2 (112
YeR I, N (12.67+0.58) %, Pearson FH XEPESHHr
R K SR YR 2 B IEA 6 (P=0.001) ,
FEAK AT B K, BRAR LA B 5 P LT 4544

JEE VG S| 45 8 g A 7K 43 Ak B AR 0 R e R



. oa W2 b AR e i3,
Note: a. Hypha; b. Arbuscule; c. Vesicle.

B2 SR GHIA AR A AR R

Fig. 2 Infected root system of Bretschneidera sinensis
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=
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TIEMAXTEIKE Relative water content of soil (%)

T AR R AN [R] K 434 2R 1] 1
ERRFEME, P<0.05, TR,
Note : Different letters indicate significant differences among
different water treatments (P<0.05). The same below.

3 B (A 41) MR S i
Fig. 3 Malondialdehyde (MDA) content of different

treatments of inoculation ( Group A)

AR, W AR R RSV Hon WL 22
FNKLEE R (] 2) 7K 3 b 3 0 & A SR e %
[(7.67+0.76)% ~ (23.00+1.00) % ] &5 T 4b B Hif
[ (1.8320.25)% ~ (7.17£0.25) % | , H:J5 K A RE 2
FH T B ] ] P SEE AR R AN W | [ B B AR 2T
PRSP ES AN T 08, 8 I Al LR B R, R
PeRPLE
2.2 RREIASHETH AR B (MDA) & EBHTL
PN R R A 2 I A Y — ) o

160 -
= 140 - 2
_LI_
T ?HZO ] E?Odd
4 2 100 1 a 204
@5 80 330 d
g 8
[-E'E 60 b b p d c
3 40 d s &
< d
£ 20
0 4 T T v
40 60 80 100

T1EEITEIKE Relative water content of soil (%)

K4 XFPRREL (B 4) M8 A
Fig. 4 Malondialdehyde (MDA) content of
different treatments of control ( Group B)

A —E R L 0] S AR ) 37 A5 e i 1 O (R
AOEAE,2018) , B 3 FIE 4 BT, £ Fh 4 A Xt
WA I 5 e P i 1 7 S KA A [ < B
FIKGTAE PR AT, B K B 409% 4 5] Y N R
T EIHE R R, A R (36.12£0.13)
(53.01+1.53) (111.47+1.08) . (65.84+0.10)
nmol « ¢ FW, XF R4 & (41.92+0.40) . (63.76+
1.68) .(138.35+2.39) . (85.55+0.38) nmol + g
FW, 203 7E 20 d B ik, HLAE R A9 i &
HART X 45 5 60% & /K Ab B4 BT S
TR, M N (36.12£0.13) ,(50.27+1.32) .
(44.0+1.93) (42.17£1.45) nmol - g"'FW , Xf FR 4]
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x 1 K&ahEFTEMAMTRARSER
Table 1  Morphology index of inoculation ( A) and control ( B) before water treatment
415 35 A LI NS
Group Height (cm) Base diameter (mm) Number of compound leaf Number of leaflet
A 16.39+2.17a 3.38+0.67a 3.20+1.25a 9.33+4.43a
B 16.80+1.64a 3.53+0.65a 3.20+1.25a 9.33+4.43a

1 ANE/NG FRARE AR K AL B R 1Y 22 5 B (P<0.05), FE,

Note: Different lowercase letters indicate significant differences among different water treatments ( P<0.05). The same below.

x2 KON BFBEEMAMNBRAKSER
Table 2 Height and base diameter of inoculation ( A) and control (B) after water treatment
3 S = X L . L L . 5 s st s 424 it KK
ZH 51 Relative water . . . . i Base diameter Base diameter Base diameter
A Height of 0 d Height of 30 d Height growth .

Group content of soil (em) (em) (em) of 0 d of 30 d growth

(%) o o o (mm) (mm) (mm)
A 40 16.28+2.32a 16.8+2.26a 0.51+0.09¢ 3.53+0.82a 4.16+0.83b 0.63+0.05¢
60 15.77+1.63a 18.8+1.91a 3.03£0.91a 3.11+£0.57a 4.86+0.69a 1.76+0.33a
80 16.47+2.35a 17.61+2.40a 1.14+0.22b 3.60+0.82a 4.61+£1.03ab 1.01+£0.30b
100 17.05+2.47a 17.79+2.48a 0.74+0.05be 3.32+0.43a 4.05+0.41b 0.73+£0.02¢
B 40 16.31+1.09a 16.80+1.08a 0.49+0.06d 3.64+0.62a 4.13+0.87¢ 0.48+0.36d
60 17.39+1.56a 18.57+1.49b 1.18+0.20b 3.60+0.68a 4.95+0.66ab 1.35+0.04b
80 16.44+0.88a 18.46+0.96ab 2.02+0.20a 3.50+0.75a 5.34+£0.73a 1.84+0.16a
100 17.06+2.55a 17.87+2.57ab 0.81+0.12¢ 3.44+0.56a 4.39+0.56bc 0.95+0.11¢

H9(41.92£0.40) ((47.0420.38) . (124.15+1.33) |
(42.25+0.32) nmol - g FW;80% 5 /K - Ab H 4 1N
TR RS S TN 100% 5 K R4 B T
M R, SR N (36.12+0.13) . (39.45 =
0.59) .(56.58+0.10) . (45.39+1.72) nmol - g'FW,
XTHEZH K (41.92+0.40) . (42.38+0.84) , (37.01+
2.30) .(35.62+0.91) nmol - g' FW, @ B
et P R A1 00 HE BT, Y - AR K AR T
60% I} , 11 SR AN &I 1 32 3] — s B FE 0 1 5 e i+
FEARXT &K R AT 80% B, 23 X &l i 7 A — 2 B
PRV R REAR T AN R
A T HG SR ) B A BT
2.3 HEEBERTL

1 GERRI, KA HET (280 60 d) , HEF
5% RRAL 2 A0 Ak A2 L 8/ B S A
BT E 2R (P>0.05)  HIZ 2 AT, X RN
KUt , KL S 55 30 K bR A 2 25 5 A XS
KR 60% FIRR RS [ (3.03£0.91) em]

KA (1.76+0.33) mm | 225 T HAB AL P
TEREEFN L v, M X &K 2 80% T, #k 3 < ot
[ (2.02£0.20) cm] FEfRH K[ (1.84+0.16) mm]
PP AR, N 3 5 RCRE AL )
MR 5 R R S KA AL BRI 4R 56 15 K, & dl %
FARE G530 R RN 60% A & /KBRS
TR N B 2 T A 7E X B2, 80%
AR K I RS TS B9 & 2 /N B T At
g LRT , M K 60% T, SR 4 i i A K
DU, S A TCHE AT 1 A SRRAE TR i BAE K
A XK S B 80% A2 A, HAEAR &K B
(40%F1 60% ) Z51F T, HEPh 4 bk o 3 K o Fn A2 3
K ¥ | TR R 4L, i1 & K R (80% A
100% ) Bsf H BE T AH R A1 L
2.4 HhEREER

H & 4 TR KO TE 8 F2 47 30 d 5 45 4 s
M ARG KT Rl (A ) 1 B0E R
{5 T RRAL ( BAL) |, 22 W40 B2 1Y <148 RE B 0 42
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Table 3 Leaf number of inoculation ( A) and control ( B) after water treatment
LHARX KA A0 REME 15 REME E30REME  HoR/MME 15 RAME 530 K/
21 1] Relative water Number of Number of Number of Number of Number of Number of
Group content of soil compound compound compound leaflet of leaflet of leaflet of
(%) leaf of 0 d leaf of 15 d leaf of 30 d 0d 15d 30d
A 40 3.13+1.20a 2.88+1.26a 0.25+0.58ab 8.75+3.97a 6.44+3.95a 0.19+0.54b
60 3.19+1.11a 2.69+0.70a 0.63+0.72a 9.50£3.39a 6.38+2.68a 1.38+2.50a
80 3.13+1.20a 2.56+1.03a 0.60+0.25b 8.44+4.34a 5.13£2.96a 0.19+0.75b
100 3.38+1.54a 2.56+0.96a 0.44+0.96ab 10.63+5.78a 6.25+3.96a 0.63+1.26ab
B 40 3.13+1.20a 2.88+1.82a 0.69+0.79ab 8.75+3.97a 7.19+5.58a 1.19+1.33b
60 3.19x1.11a 2.81+1.28a 0.75+0.86ab 9.50+3.39a 8.19+5.61a 1.81+2.66ab
80 3.2+1.21a 3.13+1.68a 1.60+1.72a 8.73+4.32a 8.00+5.10a 3.86+4.34a
100 3.37+1.54a 2.63+1.54a 0.94+1.57b 10.63+5.78a 7.25£5.72a 2.56+5.12ab

x4 MERKEEMAIRBARFEER
Table 4 Survival rate of inoculation (A) and

control (B) after normal watering

AR Ak i o —
21 51 Relative water ﬁgbﬁ% %urﬁifjﬁ;w
Group content of soil death 1 s S o) )

( %) eath plants o

A 40 10 50

60 2 90

80 3 35

100 6 70

B 40 13 35

60 8 60

80 4 30

100 7 65

AR — AR AR L 0 1 BTG R — e R, el
FEARRT 5 7K i 60% I L% i (90% ) , A 12 il
4 v AE AR T K B 80% T M R IS R B &
(85%) , TE 40% /K 53 7 & 8% 100% 18 F1 K 4 %
AT NS R A XA, R AT A R
K BRI AN K 2> i 40% 2100 F e M i, &
BH T 52 5% & v 1 BTG R K

3 it

3 AEAKSEEMNEA}EREELENTMN
Garcia et al. (2008 ) X 4l 't H ik #R ( Lotus

tenuis ) AM ELE ST & ALK 33 2 505 A, PA
K B2 S5 F TG B2 0800 | T 7K 43 3k 22 i B v 2
FA UL O TE R AR 7 256% , 7K 53 5 it HE R i oA
Ko ARTFFEATF A R AK 3 5% 1 52 el B2 7Y <} 45 4
FEVA 22 UL TN NKE S5 40 e B R g R, #F 11
AERT B 7K B 60% ], TR 22 | NN 41 1 142 Y 32 3h
F A, A XA K BN 100% I B 22 AN
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0.05) , [ YR 5 g ¥ 55 AMF ISR
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i, 568 SRR, B 22 AR AR Y B3 T B,
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L0 B 3G R TR YL B SR T AR SR T R
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it ZHAF TR Y,
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HeAh AMF RESE SR AE P O P M. 3 F B 5
(2016) W78 T Wraf T B2 b 22 2K 4 25 % 75 A=
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DA A AR L BT R AIC T A AR I R R AR R 9 MDA |
H,0,H1 0, - & &, $2 5 4% Fh bt S AL B (40 SoD
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et 2 | f 2 0 A B & A BT e SR IO kR A
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7K A (80% Fll 100% ) B 42 b 41 ok w5 3 < o 0 0
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