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Effects of water stress and fungicide on the growth and drought resistance of

Flaveria bidentis
CHEN Dongqing, HUANGFU Chaohe, LIU Hongmei, WANG Nannan, YANG Dianlin”

Agro-Environmental Protection Institute , Ministry of Agriculture, Tianjin Key Laboratory of Agro-environment & Agro-product Safety , Tianjin 300191, China

Abstract ; Flaveria bidentis ,an exotic plant with strong invasiveness, spreads at most regions of Tianjin, Hebei, Henan and
Shandong Province, China, and many evidences prove that it has high potential to expand to other provinces. According to
recent studies, F. bidentis is a typical species with arbuscular mycorrhizal ( AM) symbiosis and AM symbiosis can alter
host plant-water relationships under both well-watered and drought stress conditions by providing water for their hosts thus
enhancing the tolerance of the host plants to water deficit. F. bidentis can dominate in a wide range of habitats, such as
agricultural land, orchards, lawns, roadsides, watersides and waste ground, and can rapidly form dense nearly
monospecific stands within several years. However, it is not clear whether its high invasive potential is due to this plant-
fungal symbiosis, especially under drought stress.

The present study is to verify the effect of AM fungi on the growth and drought resistance of F. bidentis in its invaded
process, and to understand the mechanism involved. Four water conditions were designed in this pot experiment:
waterlogging ( soil relative water content 120% ), normal irrigation (80% ), moderate stress (60% ) and severe stress
(40% ), and at each water treatment, both sterilization and no sterilization was contained through adding fungicide benomyl
to control AM fungi. Each treatment was repeated three times.

The results showed that water stress significantly inhibited the growth of F. bidentis such as plant height, main root
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length and biomass regardless of fungicide treatment, but infection rate was not affected by water tress. Under different
water regimes, fungicide significantly decreased mycorrhizal infection rate and water preservation in leaves. Activity of
protective enzymes and total N, P content, soluble sugar, soluble protein significantly decreased with fungicide treatment,
while leaf malondialdehyde ( MDA) content was significantly increased. The utilization rate of available N and P were
higher at no sterilization treatment and total N, P content of F. bidentis plant were significantly enhanced. Simultaneously,
the degrees of host plant benefits from AM fungi were affected by environment conditions. The contribution rate of
mycorrhizal to host plant related to the extent of water stress, being 1.84 and 1. 88 times higher at severe stress than those
at waterlogging condition respectively.

It is concluded that mycohrrizal associations may significantly related to the invasion history of F. bidentis in newly
reclaimed habitats. Mycohrrizal associations could improve the ability of F. bidentis to withdraw the adverse conditions. AM
fungi increased soil water and mineral nutrient uptake and improved plant physiological metabolic activities, thus promoting
drought resistance and growth of F. bidentis.

The results provided the basis for the invasion mechanism and making effective management measures of F. bidentis,

meanwhile, it is also a basic research of great significance on AM fungi.

Key Words: fungicide; water stress; invasive plant; drought resistance; Flaveria bidentis
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Table 1 Effects of water stress and fungicide on the growth of Flaveria bidentis

e j:%fﬁ%]‘é?jki 3= iﬁ%fi Mo T S N i T (L Vinfection
Treatments Soil relative Plant Main root DW of DW of DW of rate/ %
water content/ % height/cm length/cm shoots/g roots/g fibrous/g
KA 120 47.67+3.18ab  5.67+0.67b  4.12+0.14ab  0.79+0.02b 0.12+0.01a 16.67+3.33a
Fungicide added 80 56.33+2.96a  11.67+0.33a  5.10+0.41a 0.98+0.06a 0.16+0.01a 18.33+3.33a
40 47.33+1.45ab  7.33+1.33b  3.07+0.26b 0.97+0.05a 0.17+0.01a 21.67+1.67a
20 37.00+1.15b  5.67+0.33b  1.72x0.10c 0.23+0.03c 0.05+0.02b 20.00+5.77a
ANKE 120 59.67+2.91b  10.00+1.53b  4.81+0.34b 1.70+0.05a 0.27+0.04a 65.00+2. 89b
Without fungicide 80 79.67+0.33a  12.00+1.15a  7.42+0.59a 1.44+0.03b 0.19+0.0lab  76.67+1.67ab
40 71.67+4.41ab 10.33+1.20ab 5.91+0.54ab  1.00+0.05c¢ 0.17+0.01b 81.67+4.41a
20 46.33+1.86¢ 6.33+0.88b  2.75+0.06¢ 0.53+0.04d 0.07+0.01c¢ 76.67+1.67ab
I E M Significance W 0.000 0.001 0.000 0.000 0.000 0. 060
F 0.000 0.011 0.000 0. 000 0.001 0. 000
WxF 0.019 0.015 0.025 0.000 0.002 0.200

W. K45 water condition, F A EE fungicide treatment lﬁ#ﬁﬂfﬁﬂl%dﬂiﬁ[ﬁlﬁﬁﬁﬁﬂz%&iﬂ( BN KAL) P=0.05 /K -
EREE

2.2 ARG ZAERR E RS RO G A TR AR A

LA AR AL T BERIAENE AR R X 5 7K i e B e Jm B B 3 (36 2) | IR /K 0 Ak BRI
e, B S T E AL BE R E IR 2O IR R 23 | BRAE S AR A UK A T R A—EUE,
HARFM T BB ARIRER BN KIE A BRAE T A K Ab B

LA AR/ 288 AR BN AR TH AR AL F R 26 F B I E CO, MR 2 /0 X L EB R, 103R
I K 0 1] AR 388 R 5 S Z A (BB, DU AR AR /K 70 M I RCROBAIR . i 3% 2 R BRI 20 ) P 250 i - 4
AR S K BRI, BB ME T By, KBS A KE AL B 5008 6. 51 F15. 75, 37 8 35 8 T UK 26 FFIE
HR ORI, 5 e A 0 R 2 5

XU F-T7 220 WA SRR, IR I3 A AF X 88 TR G548 B FK 70 R F A 35 5 0 8 25, 3% BRI R 0 ot 3
R RAL T RIZR I AR W S, XK A AR IC B8 R0, K 26 PF 5 R B IR A5 8 n 24 0 18 35 (0 52
HAEH.
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Table 2 Effects of water stress and fungicide on the physiological indices of Flaveria bidentis

- i@rgﬁ;ﬁ.m% HOl G AR AL P UES AR
Treatments Soil relative ‘Photo L Cond L Trmmnl_z | WUE
water ontent /% /(pmolCO, *m™+s™" )  /(molH,O-m™+s™") /(mmolH,0-m™-s7")
K 120 13.84+0. 15b 0.14+0.01ab 4.36+0. 12a 3.04+0. 15¢
Fungicide added 80 15.96+0.48a 0.17+0.03a 4.57+0.09a 3.67+0. 15he
40 13.78+0.49b 0.087+0.00be 2.48+0.13b 5.6+0.48ab
20 11.08+0. 17¢ 0.067+0.01¢ 1.74+0. 19b 6.51+0.68a
AR 120 14.21+0.29ab 0.18+0.01a 4.29+0.23a 3.32+0.04b
Without fungicide 80 16.69+0.45a 0.19+0.00a 4.73+0.39a 3.58+0.31b
40 14.21+0. 62ab 0.12+0.01b 2.91+0. 14b 4.93+0.45ab
20 12.21+1.06b 0.1+0.00¢ 2.12+0.01b 5.75+0.48a
L2 W 0.000 0.000 0.000 0.000
Significance F 0.038 0.001 0.018 0.144
WxF 0.797 0.0654 0.987 0.718
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Table 3 Effects water stress of and fungicide on the water preservation in leaves of Flaveria bidentis

e IR E K I 545K J Water preservation in leaves/%
Treatments Soil relative
water conten/% 2h 4h 8h 12h 24h 48h 72h
KA 120 10.40£0.56a  12.40+1.04a  27.27+2.88a 43.81+5.0la  65.67+6.60a 78.43+3.09a 77.56+2. 16b
Fungicide added 80 8.81+0.56ab 14.81+2.12a 26.51#3.11ab 37.07+4.00ab 54.61+5.25ab 79.60+1.09a 90.60+1.30a
40 6.9120.73b  11.29£0.91a  17.16+1.07h  28.04+4.13c  43.4243.75h  62.67+3.75b 73.15+1.50be
20 8.94+1.02ab 12.910.88a 16.58+0.69b  30.37+2.67bc 42.98+4.61b  60.46+5.77b 68.51+5.25¢
AR 120 8.00£0.25ab 11.04£0.97a  20.29+1.58ab 29.78+2.49ab 47.67+3.49ab 62.30+1.30b 72.00+1.53h
Without fungicide 80 8.44+0.46a 13.86+1.31a 23.74+1.50a 36.60+1.75a 53.12+1.30a  74.00:0.33a 84.10+0.89a
40 6.46+0.09b  10.2420.62a 17.73+1.32h  26.14+2.71hc 42.61+2.81h  61.14+1.69b 72.58+2.00h
20 3.51:0.69c  5.79+0.42b  7.67:0.43¢c 18.69+1.08c 27.78+0.93c  42.26%1.43¢ 49.13+0.83¢
B W 0.000 0.004 0.000 0.000 0.000 0.000 0.000
Significance F 0.000 0.007 0.003 0.000 0.001 0.000 0.000
WXF 0.002 0.039 0.076 0.003 0.021 0.001 0.000

2.4 RI[EIK A3 FA A B TR R R AR B R 1 52 i)

Wk 4 PR, 6 —K o 5, K E AR PRRR IS T 8 TG 0G| nT s PR i s B o i (Rt 3
AR FHAR B2 B - AR Bk AR A AN R, ZEK S5 (R rh BE 38 Ab B A AR SOD ,POD T PR 52 1E # 7K 43
AT LT e i B SOD FhiE, POD [, CAT FRBU A IE /K e K, i 3 v T v B 0 B o a Ak
TCR KR 5 K S&A3E I T Al ol 5 an it A i (R R B R B AR T 5 7K i AN [] T A 22
S, AT i R I E SR B A R AR, PRARFE A3 0. 71 Fl 1. 05, A PR AR I AE UK S5 PRI Bk, AL
AN 4.9 F15.67, B THAGM Fr MDA 55 it il - SEAH X 5 7K B2 8 AT 220 4 34 i, L B R o) 25 7K B AT, AT
HRAE FH 2% 347 186 5, AR 6 T 2K B A B, AS 2K TR A PR AR P9 MDA 23 22 il R 6T 57 7K o AR AR U R AR T 2. 049%
7.02% 18.84% F125.00% .,

XU F 7 2253 W et R, K 43 25 AR R 2% LT 3R R AR R 45 A B =F A8 AR Y05 i (8. 3%, LY POD  CAT F]
WIS RS HAE M B2 X SOD MDA Finl stk E A B E R AR,

2.5 REKAFZAFFR EREFIXERE S N P &2 520

W5 PR, AEH A E TGRS N P &2 3 KE BB T A KR, KT,
BEAXT S K A, 42 N P Sz ik, . FRXTHIVE 4 N P DTk R Y2007 L Tt B0 i oy a6 7R 38 348 o 7
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Table 4 Effects of water stress and fungicide on the physiological indices of Flaveria bidentis

JORE T 2 K b e
Treatments water/:;;ntent /(m/g ) /(wglfE) /(w/egfEE) /(pmol/g fifH) J(mg/e BT/ (mg/g BETE)
K 120 0.35+0.02ab  117.50+3.13a  60.83+2.76a  0.49x0.02c 0.53+0.03b 4.9+0.10a
Fungicide added 80 0.29+0.048b  97.81+1.90b 70.73+0.87a  0.57+0.03bc  0.52x0.03b 4.05+0.06b
40 0.50+0.04a  101.67+0.63b 32.73+1.03b  0.69+0.03b  0.75+0.03a 3.90+0. 18b
20 0.40+0.03a 48.65+0.85¢ 23.85+0.64b  0.84%0.03a 0.71+0.02a 4.33+0.04ab
ANK TR 120 0.47+0.04ab 121.77+1.15b 85.31+3.98b  0.48+0.0la 0.76+0.02be 5.67+0.33a
Without fungicide 80 0.34+0.10b  100.73+0.85¢ 124.38+2.58a  0.53+0.06a 0.59+0.01¢ 4.47+0.09b
40 0.62+0.04a  147.40+1.38a 61.25+0.22¢  0.58+0.0la 0.86+0.01ab 4.53+0. 14b
20 0.49+0.037ab  71.15+0.73d 33.65+0.16d  0.63+0.04a 1.05+0.09a 4.42b+0.03
BEPE Significance W 0.002 0.000 0.000 0.000 0.000 0. 000
F 0.019 0.000 0.000 0.011 0.000 0.000
WxF 0.860 0.000 0.000 0.273 0.021 0.173
x5 KSBEMFIEFRFNLENEMFEKRS NP SENZMN
Table 5 Effects of water stress and fungicide on the complete N and P content of Flaveria bidentis
4b 7 iﬁﬁﬁzjﬁ:i 2N BN G TR &P BRI P i TR
Treatments water content Total N Total N uptake  Contribution Total P Total N uptake Contribution
/% /(g/kg) per plant/g rate/ % /(g/kg) per plant/g rate/ %
K 120 15.08+0.04a 74.04+1.69ab - 2.14+0.09a 10.53+0.67ab -
Fungicide added 80 14.24+0.53a  86.50+3.20a - 2.11+0.07a  13.05+1.36a -
40 13.47+0.33ab 54.73+2.06b - 1.80+0.03b  7.58+0.36b -
20 13.02+0.40c  25.66+1.09¢ - 1.16+0.08¢ 2.26=+0. 16¢ -
AR 120 15.61+0.30a 101.41+3.55b 26.88 2.24+0.05ab 14.55+0.59b 27.75
Without fungicide 80 15.73+15.73a 144.48+4.73a 36.32 2.45+0.17a  21.71£2.38a 38.91
40 14.08+0.33a 97.61+3.63b 43.11 2.02+0.17ab 13.81+0.99b 44.69
20 15.54+0.08a 50.69+0.65¢ 49.40 1.67+0.07c 5.46+0.23c 58.26
125 Significance W 0.001 0.000 - 0. 000 0.000 -
F 0.000 0.000 - 0.003 0.000 -
WxF 0.036 0.017 - 0.246 0.094 -

3 iFig

BT, T AM B FEE AP PR E LG 2R iR, Bl MEEm K 2 f g il ™ 985 4i
B LA R A R A ) — SR G A R = S R R A R AR

Wright 25 I HF 5 20, AM LB RE % IH 5 0038 1 EMEMI K IR0 | 35 v 7K 20 A R R 388 s A 1
i S o AT 4 R 5 2 AR R, A% FCTR R A0 B i 2 AR T B T4 TR AR AR 8 B AT 17 B AR - ROk I, k55 1
WA T R RS AR AR . AW A28 (b BB 08 00 S e BT AR AR 507, R 2 AL A5 0 3l it TR AR
M AN TTER R AR AM B E ALY AR Y R, AR b, 7 R R R R e s 2R AR T Rk
TN 43.11% F149.40% , B R TTRRR N 44. 69% F11 58.26% , AR IE W /K73 2000 F AR STIR R, iX S5 A1
NAFFEEERARRL, UEBHZK 20 38 T AM LB BEAS AR S AR 57 43 WS, R S0 AR A %) W A, T ol 3 7 1 el 3
AR TFIARRM IR, et TR AR

VFZWFE AN 2 TR A AR R 28 fif T 52 ik 36 5 M 2 75 5 ol o 22 b A 1L 7 AR 1 T
PEVESE B BT Y AR, ARG b, K Aol (R R TR A R T VA R 8 A B, R K B AL B R I R
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S0 AR KD 1 SRR S AR R (R, DAE AR AR 05 AR, AM B
S P TR RRI T A A, T AR RO B AR R GE R BE T, ARG 4 AR A A A O T DA
BUEALPY T REVEE R AR, KT TR Paaxt SOD POD  CAT J& MR I , A [l LA R
VER SR ASTR] S Rl Ry Xt 52, BT AS O 45 SR 0 R TR) . B AL A R, T 2B A T, AM BCR RS T
FRECHRXS LAY SOD  POD Hl CAT B M, skMeH- 26 WHoe I AM BB #2510 E POD Al CAT 5ok,
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FRIGPTRPEDY |, ARSI EE R AM T (/7R SO e — e R B B4R T RE A AT b, (B TR) A 40 0 4o
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