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Effect of AMF on the photosynthetic characteristics and growth of maize seedlings

under the stress of drought, high calcium and their combination in Karst area
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Abstract: Drought and high concentration of calcium are the main characters of the karst soils, and always show great
heterogeneity in the karst ecosystems. In order to explore the effects of AMF on the photosynthetic and growth characters of
maize ( Zea mays L.) under various stresses, three treatments including drought, high concentration of calcium (high Ca) ,
and their combination ( double stress) were applied to potted maize seedlings. The results showed that the colonization rate
of the AMF to maize seedlings was following the sequence of ; control > drought > double stress > high Ca. Compared to the
control group, the biomass, net photosynthetic rate ( Pn) of the seedlings were decreased in the three treatments. Under
non-inoculation conditions, the biomass of maize seedlings subjected to drought, high calcium and double stress were
3.2%, 63.7% , 76% lower than that of control respectively, while those of Pn were 33.4% , 86.9% , and 98.8%. In the

same time, under inoculation conditions, compared with the control, the seedling’s biomass in drought, high calcium and
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double stress were 16.3%, 78.4% , 80.2% lower, and net photosynthetic rate were 9.7%, 92.8% , and 91.7% lower.
Additionally, compared to the seedlings without AMF, those vaccinated AMF showed significantly higher biomass,
chlorophyll content, transpiration rate ( 7r), maximum photochemical efficiency, and absorbed more phosphorus, when
subjected to the drought and double stress. On the contrary, in the environment of high calcium, the AMF only enhanced
the content of chlorophyll, maximum photochemical efficiency, while there was no increase in terms of plant biomass, Tr
and the absorbing amount of nitrogen and phosphorus. Moreover, the interaction of AMFXdrought and AMFxdouble stress
had significant effects on the Pn of seedlings, while no significant effects of AMFXxhigh Ca were found on the Pn. AM fungi
can assist the plant to absorb more phosphorus, enhancing the contents of chlorophyll, improving the activity of light
reaction center, increasing the plant stomatal conductance, so as to enhance photosynthesis ability to promote the growth of
plant. This research can provide references for a reasonable utilization of AMF and increasing agricultural productivity in the

karst ecosystem.

Key Words: karst; high calcium; drought; double stress; arbuscular mycorrhizal fungi ( AMF)
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PRBERAAE X AE 0 1) 26 A R0 BB A E B R 2 vl [ 25 T X A B A 2 N A R B R R P R LU X, B
NHLIP T 9 M 7K A= 28 A SRR PR v DXl Az 7 B2 B Bl

MK AR EL TR ( Arbuscular mycorrizal fungi, AMF) J& B SRS 12 4040 B — 2R AR B3, v S Bl 46 K £
Bos SR e SRR AER R T JeRBOR RN RIAEE P v B A BUAE Y B 2#FH KL AM
HEFFHERIE REESRES RGP EY IR A RR AM B R A TE—EfE LR
EAEYITE A I AE R BE ST HAT, AT X AM EUR AYISE , — 5 R PR A TR X AM ELR A T A
33, T — AP TE AT T 5B D AM B XA 7 M AR ) A PR R RS2, AT XHUB A2 2%, LR
T FR/IN 2R BT, e 2 18] S5 TP A As 3R 4y K e B ALE T, LLRT RO 98 Z0RA 9 B T — Fh R s it
155307 50 5 Bk S BUE ) A K B BRI A R 3R AN AR [R], Rt , 2865 75 A T DX 45 5 5 T 5
HEFMT AM EGEOHE ) Y A= 288500 B BA S2PR s X,

B VE A Y B A L AT 3, Yo A ME RSB A P R AR A e e R Y R AR
WX FZARE R TAEY , AR BRI PO L XM 28 5% (Rl R AT AT A2, el 4 w8y K 7™ 5 F o
TR R R R AR 7 () OB R, AR SCHUL DA B KA AT 42, i i & N 2 AR, A X T 5 s s T R
55 e BB AR 3R AR AM TR A RT  FOK G B AR R I I, A A DR A 7 SR B
S ERAR A

1 #EFFEE

1.1 SEgepbrl
111 GEAREEFR )

i P BE P BREEFE ( Glomus mosseae ,GM) , WA H JU U R Bl 22 BEAE YIS 372 5 IR 5 i, i =it s
BB A T AN B AN TRAR FL T MR AP 22 AR AR PR IR RN
1.1.2 15 EAY

FK(Zea mays L.) ,FiF R PRV FHAVE X AR P AR, DL 10%H,0, R HEFE 10 min, TCEKPES, & T
TCRE SR IL LA 3 2180 A JC R UEA0) , T 25 °C JEA B 28 REAR I th e, Pkt k28— A 745 .
1.1.3 A5 A G

BREE F ARG A KA B A K £, 3E pH Ol 6.81, A ML & & 26.8 o/kg, Blifi 2 68. 35 mg/
kg, B 108.41 mg/ kg, HPEES 2326.40 mg/kg, 281 14.62 g/kg, 228 0.46 g/kg, 2% 1.34 ¢/kg, i 1 mm
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i, 75 2 FE K B 77 0.14 Mpa, 3B 124 °C FEZEKH 2 h, BT, 5 R AR50 K i i 5 i 5 m b i 4y
B4 AR VE A R RS, RERAAE N IR 19 em, 5 16 em, JEE T NAE 13 em ¥R,
FH 0.1% B4R FR AR 30 min, 18 T4 BT,

1.2 SERTE

SR AT FERR (M+) FASEERR (M=) BN AbBRA , AR ANAL BRAL N 400 4 A AR BE DX R L IE 3 S5 i+ IR &%
HKEE(L+W) , Qe 50 m A5 + 1% &K (H+W) @ R Ha B % & 855+ T 50 (L+D) , @
e . A e + T R (H+D) AP 7 AN,

S AE PG R R A S FE KA R AT, T 2013 45 4 A 10 H#EF, ERATK ERIBAZ S (NP :K=
26 :12:10)200 mg/kg VEIEREFE S, MRBFAI Y E 5 A K| R0 A6 40 B, AR 4fs TS 8 ARG 9, IR
G i A R TR S AT S A FE TR AR N AN AT | 5 A e A B OAPRE MRS ( TE K ARG ) LAV RO XS SR
5] iRBIESIR N 1.0 o/ kg (NEANRME) . FSAC TS R, R AL T4 2.5 ke JEI, Sl s g e B
A 2.0 kg BT ARJGHE 15 g KEHERNH] (AR 50 15 g HEM R (BERRZE) RN T 23208 5L R 35 1T, A 5
RPN ZE IR AR N9 0.5 kg SEFPAHIL I BRI + 3829 2 em, AT 58 R DeK i 4 h 5L
TR IR E] 20% (4% oK) A LI B Be L B TR BREE L MEHE 20% HEES KR, 1 R ]
B, BEALR 2 R BEIRE 3 i 1D, IEH KA B PR £ 3 B K i 20% , T R AL B 4 HE B K B [ ARRE
F10% " 1 AR ET SRR g kR, TR A S K 3d 5, LRI E S HR bR, WSS
gk 6 R,

1.3 fEhrilE
1.3.1 SUESEWIE

HHHEARAERK R 6 JA, KA Li-6400( LI-COR, USA ) 4 20 5 I A T W5 B Y 2F 9:00 I I 46 T &
FORGHI S 2—3 IKRERETFI 1 BEG & B (Pr) AL TEE (Gs) MiLE] COVEEE (Ci) FIZEREH AR (Tr) .
D5 B, i 2 £ LED 2L DGR, it 38 5 %5 B (PED) 2 1200 pmol + m™ « ™', CO, ¥ &y (470£10)
pmol/mol , IR HE S 26°C , AHMT IR EE K 65% , %] 0S-30P (OP-TI, 25 [# ) {5 48 2 -4 25 56 560 B KA k52 4
RTINS 2 R TR IR DG (Fo) e KuE (Fm) K de RICAF R (Fo/Fm) SEAT 02, W05 A4 R
5 3E V7 30 min,,

1.3.2 A RKIEFREIE

B FORAERK E 6 T B A lE Ja AL RE RIAE 202 AK T, thdsidl R RV ER , 2818 /K 28 2%
PR AR R, P K 40 R MR R T K, 43 B AT AR B AR AR AR A A2

FRIARIR G4 2 ] Phillips Al Hayman f5 25002 1 K EORAMRBEYIK 1 em A9/NBE, FH 0.05% f) il 14 5
Pt , AR YMRBK 5 BB A E 4 LR R ARZ YR . A @R 80% M ERIZ sz ™', PR
FH ICP-AES 3552 N RHTCE AT AGNE . KOk RS B i 5 28485 i E MR 9 105 °C 2875 30 min,
WZE 70 CHET 72 h, 2R 1/10000 KFEAT4 P A0 E
1.4 B

SKH SPSS(16.0) Sl M- BdE Ge it o0 M, X 15 2 5 Ho % ( Duncan’s multiple range test) 1 T 6555 4
B ARl BRI i B 25 53, 2 TR 38 5 2250 B il s B 2R 181 1 28 B0, FIL A Origin 8.6 1 Excel 2003 4K {42 il
K%,

2 HREH

2.1 HIE S TR R AM EE X EOR AR SR A AR Y A
AM FLTETEA R AR BER )42 G 3R NITUT Sy < %] B> T 52 XU bl > i 85, TCi$efh 5%, TRMHa T £
KRG A O IR 22 TR 3 RS BB BB T R Al AR ) 0 IR B 2 R R (P<0.05) o ARHERP %
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R, ERE YRR T 5 8 S S H R A R 8 BB M 3.2% .63.7% . 76.0% ; R 5514, E K4
WA AT RS A HOOUER JPE R A FRAE AR 43 IR 16.3% .78.4% .80.2% , X H& T 5 N XUEE i i 251
AR AM B ) K4 A W R R R AR R T S I e A S S A R 4R AM B A EoR A AW

ORI R AR A B TR AR AR 2500

F1 FRLETEXRDENEREREZMEYE

Table 1 The colonization rate and biomass of maize seedlings under different treatments

5 k% T AL Treatments

Indexes Inoculation L+W L+D H+W H+D
R M- 0 0 0 0
Colonization rate/% M+ 58.3+0.99a 52.0+0.81b 22.6+1.30c 27.2+0.84d
Y M- 3.15+0.10a 2.92+0.32a 1.01+£0.03b 0.73+0.02b
Biomass/g M+ 3.98+0.20a 3.33+0.19a 0.86+0.06b 0.79+0.04b

[ — 47 O BUE AR AR R RN TE 5% BB K25 B3, LW XHB(CK) ; L+D ;. T2l ( Drought stress) ; H+W ; =85 1138 ( High calcium
stress) ; H+D . SE /438 ( Double stress)

22 CAVSAS BT AM B TORGHE A SH
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Fig.1 Effect of AMF on photosynthetic characteristics of maize seedlings under different treatments

AbFE Treatment

ARG FREFR R R LR S N AL BAE 5% 5 K125 5 0 3, AN KRS FREF R A T AR BITE 5% 0 K225 B, FW—ib
PR LR (M+) SR (M-) A BEE A9 225 | + P<0.05, 23 B3 « = P<0.01, Z 5 8%
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98. 8% s HEF AT, T R 45 SO W EE Wi T B R4l 1ot A R B0 B4 MK 9. 7% ,92. 8% .91. 7%,
Xif B RN B AT R AM B TR e A R 28I iR AL T e R A PR AR A
% FTF(P<0.01) , Hla] — A Ak mk BE i 8 TR (P<0. 01) 5 i dS Il 4T, #5560 AM ELTE 19 R 4T 50
BRI R AL TR AR T B AR A ] A B R 2 TR (P<0.05)
2.3 AR TR R AM ETE N TORAE AR E DS BRI

WMo BoRs (R 2) , LM S E T 5 545 K HOU Rl T B KR4 AR R 7 (Fo) Xt HR 24 5L 14 fin
R KA (Fm) BCACSA RO (Fo/Fm) Y92 TR R 3 Horb @ 45 SRR Jikae T i 8 ik A2 Ak 8 35 (P<
0.05), XTHRZIAP  BeFp AM B IH 1) RGP 9 G AR AR i 3 T B (P<0.05) , e K2k Jola b ¥
RCRIC WA TR A MNA S T B RR AM LR A9 TR G R R D8 R K2 K e KIEAb A ROR 5
RAEFE RIS AR B3 SR INA T, R AM LR B 5K 4 B e K 56 B A 2A R R ok e R bk 1 %
B ( P<0.05) .

R2 FRLET AM HEEX EX4D MR E K LISER N

Table 2 Effects of AMF on the chlorophyll fluorescence kinetic parameters of maize leaves under different treatments

$et5 e AbFE Treatments

Indexes Inoculation L+W(CK) L+D H+W H+D

LN G M- 501.43+11.77¢  *  539.17+16.30c 803.33+55.73b 1099.60+83.76a
Minimal fluorescence ( Fo) M+ 465.00+7.16C 488.50+11.51C 746.40+9.64B 1153.75+66.37A
FRTEN M- 2159.29+67.14a 2045.33+72.45a 1730.33+91.22b 1369.40£121.92¢ =
Fluorescence malcium( Fm) M+ 2185.60+49.05A 1972.33+58.28B 1752.00+£69.59C 1639.25+93.25C

e KA 2ERC% The maximal M- 0.77+0.01a 0.73+0.01a 0.54+0.03b 0.19+0.02¢ *
photochemical efficiency ( Fu/Fm) M+ 0.79+0.01A 0.75+0.01A 0.57+0.02B 0.30+0.01C

[f]— Kb 38R 43R SRR ] Y 22 5% 5+ P<0.05, 255 835 ; * * P<0.01, 254 B3

2.4 HSUELHOLTT AM X TORA SR AR B

BIFE TR (9 3) IR HERN 575, 5805 BT WA T RGN RO T 403 o o7 D403 B R
R B (P<0.05) o S IRALST BEFR AM EURTAO TR A0S0 o MG b B4R AR B R A
BRYSHEN, SCbtaR b Ak PR R RN (P<0.05) s FSHMMA T e AM SUBEIY R4 it %
a MHGE b B R RREBORBE R BRI JE 325 1L, (L S MRS 34 P B B T RS, HeFh AM
SUBI0FORN TR o P TG G R R B R (P<0.05)

%3 RELET AM HEHERGERH HEESBOBM

Table 3 Effects of AMF on the chlorophyll content of maize leaves under different treatments

EiE2an BEFh AT Treatments

Indexes Inoculation L+W L+D H+W H+D

M43 a M- 37.31+1.41b 47.89+2.41a 54.77+1.99a * 51.94+2.89a ®
Chla/(mg/g) M+ 44.54+1.64D 54.38+0.12C 66.86+0.52B 72.71+1.10A
M4 b M- 15.01+1.11b * 18.91+0.67a 21.49+1.20a 20.28+0.97a ®
Chlb/ (mg/g) M+ 22.03+1.58B 21.36+1.04B 24.33+0.16AB 26.47+1.13A

RS- 58-is M- 52.32+2.50b * 66.80+3.04a 76.26+1.98a * 72.22+3.86a ®
Chl(a+b)/(mg/g) M+ 66.57+0.12D 75.75+1.15C 91.18+0.57B 99.17+1.99A

2.5 AV RAS HIEILEUT AM ELIE N KA NP &R AR

W s (& 2) IR 575 R T FORZI N P & A0 IR JC 8 2 A8 4L ; w85 SO i T
EARYE N P & O IR B2 TRE(P<0.05) . XFHRZE A, Hefh AM E R A E KL N P & i BORHERE
PRIGHR B Z N (P<0.01) ; TRMHA T HeFh AM ECB Y FORAIE N P & S BORE MY B35 (P<0.05)
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sl BRI (P<0.01) s R B HMA T, TR N P S BRI AR 2 T a3 DI E T, %0 AM
HFEI TR N P & BRI RS A B3
2.6 RER KN R W] 58 B B4 AR o B

PRZR B PR R 18152 AR FHZBORE AT (36 4) S, e 45 5 BOUUER ol 2008 AR b e 016 5 3 3 7 AR A
M (P<0.01) o BARS RS EAEADAER N P & AR a & 4R BRI 235 (P<0.05) ; AR

5T B8 H AR R RGO G BRI 35 (P<0.05) 5 AR 58U K 19 58 BAR IR MR GOL A 3R 2515
W MR b R R SRR 3 (P<0.05) .
0.08 M 15 — sk
kK LM *ok A
A * I M+ 50 A
o A Fn- me
g 006 T 2
Y i e g,
L= w5 | )
@ § 004 & & a
z & b =2 6
> B S
3 il B &
g o Fﬁ ERE b g . B
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Fig.2 Effect of AMF on total N and total P content of maize seedlings under different treatments
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Table 4 Result of univariate analysis for the effect of drought, calcium, and AM on maize seedings

L7 R 45 T5 B+ BRMRE R o+ TR« TR ORER«Sx TR
Indexes AM Ca Drought AM * Ca AM * D Ca*D AM = Ca* D
e AT
ot ) 0.00** 0.00** 0.00** 0.65 0.02* 0.00** 0.00**
Net photosynthetic rate
S e
:2“%%3{. 0.00** 0.00** 0.87 0.66 0.24 0.38 0.00**
lranspiration rate
ks b i =N
bR N DR 0.29 0.00** 0.17 0.00** 0.86 0.39 0.25
Total N

P N=N
fitk P Bl R 0.00*" 0.00*" 0.22 0.00** 0.07 0.26 0.29
Total P
282 aChla 0.00** 0.00** 0.00** 0.00** 0.13 0.00** 0.07
42 bChlb 0.00** 0.00** 0.18 0.89 0.69 0.45 0.02*
N4 2 At
Ti? - 0.00** 0.00** 0.00** 0.01* 0.30 0.01* 0.01*
Chl(a+b)

% P<0.05 23 BF,; = x P<0.01 23 5E

3 e

AR A i 2 AR 30 3 | o 3 R, AR W RO i S B SR SR B, ARBIETE R TR
L HOUUER il 32 S BRI RR A M T e, 22 DN R S O 0 M e W 1 5 e 05 HO U Il P49 0] A B 1 15 3k
Ay A EARIE L, MDA 1E R D BRIt Y A K B s R 22—

TREUEPHE T EARTIORG A Y SOt AR BORIE MR 2 TS RS bE T, BAR &
KA YR O S R EOR MR R R PR B AR RN, S AR I R AR S T 2 R R
XUEE 38 A 52 FLAE 2 38 B0 1 ARl 5 B TR AR v 5 9 S A A AR 5 R0 35 000
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Yang' " 4l , WA 2 FRAR/NE M 9L SO IR COL MR T, AL R IR
FLAET CO, FKIRIRE T AL BE S A A R 1 SRS 3 A ZE I 1 T, A3 o s AL i I
7 AR S AN COL K TR 38 e, T I 45 D' & S SRR A8 I 3 | LG A [ A 3R A 2 1F L ik

He ] SRR . ARSI AM AT SOSCEE E R B4R RO S IR — B A A A T AM
PR AR AR AR ) o 2R IR (Tr) VLT (Gs) Mo A (Pr) Y0520, FEAR T M) CO, W%
(Ci) o AM ECRR AL i SRR AR AL B 2 3 I DA R I 5] CO, [R) P S | AT i v A R vl 7 R
fedb e, AL E T, AM B ROR B WS AR AL B, SR P RSO A H 2N 2 —

2R R VORI LR a 10 RIRIREE , PTG A 25 LR B0 X 558 PR Wi 17 )7 2 3 A0 5 12 Wl
AR R IR G A A H 5 3058 30 0 R M BEAR B R 2 MR 5 (Fo) JRYEREGE I (PS I ) R Ly
SFRIFII B2 EAKF, PS TS P OR300 5 S Fo 9 380in, IR mTARAE Fo (49728 AR 5 1o
L BPRBURTAT RERDG R HLH " o BT (Fm) S22 PS TR b 152 42 5 P S R 9107 &, T 2 e
i PS I F AR IO ) Fm BRI HI — M FHE, PS T IRFCAERCR (Fo/Fm) RN T
PS I1 KR e N JERIDERE AR AR I IR L RS eh 500 RT3, o 405 B SUER I3 2% 1 oK A1 i W)
PO (Fo) WAF K, e RPN, e KOG BRI AR, R e O R 40 T (PS 1) 52 2 A [A] F2 JE #) f
TR SRR AR PR . AM BELRE I RERE Fo/Fm 3K, DI, AM B 760 25618 T RESR MM OGS
O, H RO SV fE

2R IR AT R I EE AR RE M R TG VR I AR G RE 19 E 224 o, S 00
K —E R bR TAEC A R IR/ ARBIFSE i  AM ECREAE T 5 e 5 S 0 v aas - 384 1t
L3 a MR b MR F B AR b i SRR S DG A AR R | [l i R SO AR
ZRER a NFERH MERER a S AR IAT B OGO L i PR R R A MO S RE I, ik, TR
o 5 S HOBUEEL 8 T F b AM BT 1) B R 40 1 BOR FEM R RO G AR5 S B 3 AR P 0 K, 5 I S 38 A4
BLZA VIR,

P A SRR W) B S SO BRI A A IR 8L REMRIAC | [R) Ak 1 BOFE I R ZR SR R | [l 1k ™
PIRIE A N AT H B R A AE IR R FRT R, Harler 577 U0, WARAE Y 19 4 K2
O T LB O AR P R (8 SR R A 1 T A RS B X KA 5 W0 T AR 2 8] Pl 1 21 o
PR AM LT AT 885 S R T 1 S A W2 A IR T AR T T AR Y WA R
AR A R [RHEA R T, B2 MR T AR AR AS B3 395 70 RO BRIRE /7 , AR LR A AR G, (8 1 EAR A AR P 1
BERR G PER 1 XAt bR PR RIBCE TR, AW, AM ECEE £ BT R A R AR R TR XS
NP BYIZIC; AEXCE i AM E G XTAERE N P RSO A 23 (B R RS P AR LT 3 fE
FHMRE T AR N P IO ST A, 28 BN 23 2 T RAR S5 8 S A TR NP i, AM
T RERS S B A, A R T A RO 3 3, SR AR HERRLAR AR 4T AML BLTRIXS N AR WS Ak 14 A= R
I — 2k, H e, B R R RONEINE T, AM B fERE T EORLE XS P agmlic, R A RO S 1R
AEST ;s B IE T, R ARAR R A AR 1 A2 B, Rtk P ol PR TR 2,

LR LTI, AM ECRR AR5 R 8 R HOSCE ik aa T S RE AR ] CO, Rl R, H it 7 it 2 2K o, 4
FOCAZ R A, AM FCR 7R T 5 8O0 A REfe SR YL & A K AT 2R N TE T, AM FUE RERE AL
SEREAEE P AW, T B A T R ARARRR A AL B2 S B, R bR P Wi AR . AT R W] B
TR A e B i PR FR A TR A 5 0 A ) SRR DR 2K, AR P IR A e A 52 i T AR X
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