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INTN DMP120 DININY NTY ININT WYY DD .DNNN HY DYPATIN DIWNW PLIN 022 NIV
TIAPXYN NNNIN .09 IR NTTIVNY DXNNSN MNNIND DX NIDWH THPVNPIN 109 NPATHY
PVINN MY DOXVIPI DMY MTIDY .NNXY DMPN NITD NOVYPA NNVINY MNNANNY NMIVIN DY
.(Mosse, 1973) NpTNoan NHNpPIY NHNY YNVYN TINAY PLIND DMAWIN DYDY YPIPIY MNNNN
DONPY 981NN YPIPN N9 X NYYTHINN ,NDPY NVIIP NN DINNN WMWY XINHD DMMNNN DX NPN
DN DOVNUNY YPIP 99N NITN IWINRD) YOP 20N TVIP 2 1D ,OPYWN NPNYY HYT) N9 NLY
Cooper, ) NAXN 7y DNNNN YPIPN NA NN NI NN OMNPN DTN T .0IND NTNY O

.(Koltai et al., 2009 »1 5y 9po3 ; 1986

APY NN AN NI NOPRIPN MNTRI ANXON ,72 SINKRI AVNPIRN YV NANIN INXODN MIND
MNNANNN G DX DOYNND , TV NPT GTIY,PINY ¥IN ,YPIP 20N 11D MNY NPIHDVINN MW
DIPN ¥ 1D DXONN DI27,10 DY .0NY TNRY NXIAN NN 152 19INI MMITNND TI2) YPIP2 NIV DY
SONOPNN NPYVPIONN PIND ,NPROPN NINTRY NIV NN POIND

TIVN-N DY DM INDND 2/NINT DMV DIDIT) 2N 92¥a NN MNOPNI NHNPINN NYOUN
M2N MIAPYA 30%-52 Y9590 Y212 NN NOWNY 1N D DIPNISHY 2003 MWD SXRPIPNND MNOPNN
NPAONI PN TN NNONDHN NPN ADNPINN NYAVN D NN NIND .AVNPYHN NIV DINYN
NN NP TPMYHYN NNIIN NINPNN NINDND YD N8N HYNY 15 .NNSY 1NN 01N DN
MPoNY IRNVYNL DDNPINT MONVNN MPYNI NN DX NNTPN NNANY DNAY Y999 HNNY N1
30%-2 YW ANNSN IWIND NHNPINI WINOWN 1D KNI MNINKD ,TIN NN .DHYNVN N DIPNNNY
T ,PM219P DIV 'ANT) ANTIN DIIPIN TIY 7Y NNY NPTIIN NTAIY D999 YNNKa NYPYNN MNP
.1N0MH DIVY MINNIN ,NVNY DN, )IWHY

DONNNI YPIPY WY MONND MNNNN 20¥0 NN NIN NINPMIN NPTV DY 2IwN) 90N PPon
DYPI NTNNA NVNPMIN YV NPYN NN NIND .MITIVN) >7Y) DONY DINDN NPV 7Y NIV
(Pink root) "1y 1N v NONNS NN Pyrenochaeta terrestris NdPI0SN YT HY PYD DDINN
NN T Yy DPIIHVIN DPIND MY MLVPN DY NT BYw (Gamliel et al., 2004) o»mvAa
.(Hwang et al., 1992) nvmpm

DN ONNY DINNA DY DT DY NHNPNIN YW NNYIVN TN D17 97913 8NN pnna
,DONNM -NNNN DY DMVYNT MODPIN 20w TNPNI NYYTY NPNY DMIVY NMIVN DY NN
DOVYNVYN MY 2PY DXNNSN NN 20N VT 1) XY PN DAV -Th) .DYONI MYPo ,00nY
MO HY DNINYDINA TNY DMP 027 DY DY NNYNSN TPYNIL -THRND . JWTY DISNN DIPYSN
AN DININGD DIT VW NN MDN) D1 DIWAWNIY NNINN NNNA NN

NINDYNDY OINNNN NDYTI IWIDL 7199 NDYWH NXANY NI DIINNY DN NN 15¥A NHNPMI NADIN
VPN NIDN PNN INNN NN NN
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PHIRSHIN 0197 9779192 MDD 9Py

0NN NIVNT ,POP NI TPV N ONNY PN DY NANT NPPO NIIY IPNNN YW NUNIN 1DVl
DINNYY IRNYNL MNNAND DNVIYP DY NN YT TIN,ADNPINN NIV DY NTPIADID DNV
YPIPA OYNIN N OINVN NVIYP DY NDOYN DTN PN NNV DX TTHN PAD .DDNPINL 1INV ROV
DMWY NINMY YTTH 191, DVVNIN NY>TIN TITY)

YN NN 1N DAINN DINNN I ONNY DY DINY DX 10 1PID) DN DINT 97192 157V DMDNIN
I DY PN .(DINN) DWW, (DIMNODD N0 : D) DY TN DNV ,(DIDINN ,012YT)
N9 NMIPHYN (PNOVN) DITIN YN NIOYW DY 2127 TIN : TAX ININ . DNNN NV YPIPI DY DD NPININ
DONNY ,NNT NNV .M NOINY TY DY DXNNSY M NT DIV | 1:4 5 DN NDNPIN PYITY HY
955 NYNYN NMN TINA NNPMIN PATHI TNV ,NTDIDY DPNNDY NI AN TN NNV 1O Dyl
nonwn (N:P:K) 7:1: 7 w7 19551 1DPNWY »wown yavnm SNn myy NYITH S90  .nnsY Nns
MY 6 TunY (5/15) PNTNN NINN 1D NPAWI DINNSN DI NN NNIRND ,I120VIDI NI
,INPI8 NYA NNNND DIXRIND MINDNT 1 NN .OXN 100 LAY M WPY ANRND .(3:00-21: 00)
990N DYHON , NN YTTN 90N INPDI PN YD NAY .DMMWYN DINNSN NIY NNMIDN YTTH NNYPY 19D
SDNY PN DI 912Y Y0INDI PIND DIV TIINY NNIAN TN ,O0PYN 00N

MNSIN 2 7NN DN NN NN NIV MIVYN TONNI DIAPNNY NANNN MINSIND MNDNT 1D

Asclepias tuberosa; ) N2 oxoadpoNy (Limonium sinuatum) TyTy 212y NN TN
,INRNN2,DONI9 90N DINNS DINY 190N 71PDY NN YN onnsa (butterfly milkweed

,VMPINN MO 7YY NNayy (Lisianthus grandiflorum) oynmxovHa AP MNOoM
1722 NHNPINRN DY TAPNN NYAYNT .MM QY DY YN HPWNI DXNIIN 190N, NNPIAN NIYD
DONNSN SYNYA NPNPD MNON NIY MPPTI NIIY L9002 (3 NNNN) NWN POPN N3 IPOya

VNPINL DIPATIN DOYNYD NNNT 4 NHNNA .DNYN

mpon

SY NN 912 TN NIDYD NN NVNPINT NPNINOV VINIWN D TINIY N1 NPANNT MNIIND
YO YNNI HY2 NN NPTV DXTPN VY oM 1D ¥AN NN .DOPTIIN NN NN PN
NYNONIN NIYA D17 979192 Y8INNN DTN TIPNA .1PHIDD N1NIAN DXAVYNN 21N NN MIND
SY MY DIV MW NNND) 121 TAINA SAPN J9INI 1INY DIPHNN NNHY VIV N DOPTD
DN PN DY MNS TIN NPNPIAN NIV DY PNYI ¥ ¥D¥N DINNDNM NN DApNa .MV
SONOPNN NPYVPINT YINPWY DINNY DD PIPY INMIVIN PATPHN DDA DY

NN TIPY L FORIPNN NPIVPIVY NADN NNPNNN TN ,ONMIVIN PATHN YWY MY TUNn 010700
PNH DY SYTIN ONPIVINND POND NP AN VINIWD 2PN PNYL INGD ,DMINDNN PP
NPYTN MK DY ONMIYHYHN NNNAND NXANT 91D NHNPINN NYNTNOV YIOWN IV NINT O NN
DRI OT DY MYAIHN DM NN TOMYNDYHN NNNANY APOY) ,NPPN MNNANNY MXININ
MNNY NN DY DIPIN NN NAVN N ,MPYN MDY NPXIPN MNMIVN DY )1O0N IWINRN 1T 7PNINOL
RN

.256-0749 19010 MNOPNN TIVN DY OUNIN WTIN DY IPNND Py MYNNINA Y910 IPNHND
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Abstract

Ornamental crops are high-cash crops, grown under greenhouse conditions in
semi-arid regions in Israel where a reduction in the native population of arbuscular
mycorrhizal fungi (AMF) is expected due to routine soil disinfection. The application of
AMF inoculum to the soil has been shown to be effective at improving plant growth and
enhancing plant resilience to abiotic and biotic stresses. One of our aims is to introduce
mycorrhizal application to ornamental crops, and a test case is presented here for two
cultivars of lisianthus (Eustoma grandiflorum), one of the major ornamental crops
grown in Israel. Several different methods of AMF application and their effects on
growth, yield and vase life were examined in lisianthus grown in two different semi-arid
locations in southern Israel. AMF enhanced lisianthus growth and yield, especially when
introduced to the growth medium during seeding and to the pit hole during planting.
Significantly enhanced growth and yield parameters included flowering stem length and
number of flowering stems per square meter; positive but non-significant effects were
recorded on stem weight, number of flowers per stem and vase life of cut flowers. Yield
enhancement was recorded under both low and regular phosphorus conditions.
Although not significant, higher resilience against two pathogenic fungi was also
recorded following AMF inoculation. Hence, AMF is suggested to be a useful growth
amendment for promotion of lisianthus commercial production, and may potentially be

applied to additional ornamental crops.

Additional key words: Nursery, Symbiosis, Vase life

Abbreviations used: AMF - arbuscular mycorrhizal fungi; N:P:K -

nitrogen:phosphorus:potassium ratio; i.u. - infective units
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Introduction

Ornamental crops are grown in Israel and constitute one of its main fresh export
products, mainly to Europe. As high-cash crops, enhancement of plant growth and
development, in addition to yield promotion, may be highly valuable.

Lisianthus (Eustoma grandiflorum) is an ornamental plant originating in southern parts
of North America (Halevy and Kofranek, 1984). The plant grows slowly during the winter, in
the form of a rosette which elongates in the spring and flowers in the summer (Roh et al.,
1989). Flowering has been shown to be affected by temperature and photoperiod (e.g.,
Harbaugh, 1995, 2000; Harbaugh and Scott, 1999), in a cultivar-dependent manner
(Harbaugh, 2007), suggesting that lisianthus is a facultative long-day plant (Zaccai and Edri,
2002). Lisianthus has been the subject of intensive breeding efforts (Harbaugh, 2007),
generating a number of new varieties annually with improved traits, such as flower color, size
and form (Harbaugh, 2007). In Israel, lisianthus is one of the major ornamental crops
exported to Europe. Hence, improvement in its growth and production may be of substantial
benefit to Israeli growers. Lisianthus is especially propagated in arid and semi-arid regions,
under greenhouse conditions. Greenhouses for lisianthus growth are usually plastic—covered,
at least 4 m high, and covered with insect-proof netting,

Mycorrhizal symbiosis has been recognized to protect plants against environmental
stresses, including drought and salinity (e.g., Porcel et al., 2003; Bolandnazar et al., 2007),
and to serve as a biofertilizer and bioprotectant that can enhance crop productivity (Azcon-
Aguilar and Barea, 1997).

The profound effect of arbuscular mycorrhizal fungi (AMF) on growth and
development of a variety of crop plants has been studied and described in many research
papers (e.g., Kapulnik et al., 1994; Azcoén-Aguilar and Barea, 1997); however to date, in
comparison to fruits and vegetables, ornamental crops have received only minor attention in
this regard. Examples are studies examining the effect of AMF on roses, demonstrating
alteration in the plant's drought response and osmotic adjustment following mycorrhizal
colonization (e.g., Augé et al., 1986, 1987; Pinior et al., 2005). Other studies have examined
other ornamental species, such as Petunia hybrida, Tagetes erecta and Chrysanthemum
morifolium with respect to the effect of mycorrhizal application on growth and yield (e.g.,

Linderman, 2003; Sohn et al., 2003; Gaur and Adholeya, 2005).
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AMF have been shown to benefit plants that may suffer from growth inhibition. This
inhibition may be due to either chemical or physical soil manipulations at pre-planting stages
of agronomical management, shortage in water supply, low quality of irrigation water, high
day temperatures with high evapotranspiration rates, or soil salinity (Barea ef al., 1993). Some
of these conditions can typically be found in the northern Negev desert in Israel, which is one
of the main cultivation areas for ornamental horticulture, including lisianthus.

Therefore, application of mycorrhiza to ornamental crops grown in arid areas in Israel
may be an attractive approach for improving plant growth and yield. Of the factors that may
determine the success of proper mycorrhizal application, dosage and time of inoculation are
important. A sufficient amount of AMF infection units (i.u.) should be supplied to guarantee
that the rate of colonization will be sufficient to have agronomic significance. In addition, the
developmental stage of the plant to be inoculated may be critical: the earlier the inoculation,
the greater the benefits to the plant (Barea et al., 1993).

Here, the effect of AMF on lisianthus growth and yield under greenhouse conditions
in the Negev and Arava desert areas of Israel is presented. Several methods for AMF
inoculum application were tested and the effects on growth, yield and vase life were recorded.
These and additional applied studies are likely to lead to a precise and thorough utilization of

AMF in arid and semi-arid regions.

Materials and Methods

To find an efficient and effective method for AMF application, several approaches
were examined for their effect on lisianthus (E. grandiflorum). Experiments were conducted
at two experimental sites: MOP DAROM in the western Negev desert and Yair Station in the
Arava desert, with the lisianthus cultivars and Echo White and Excalibur 'pure white',
respectively. Mycorrhizal inocula consisted of “whole inoculum”, i.e., a mixture of spores of
Glomus intraradices species and inoculated root fragments, mixed with vermiculite
(Wininger et al., 2003).

The different application methods tested were: ground application of bulk inoculum to
the planting pit (10 ml into the planting hole, 1000 i.u., designated G); application during
seeding in the nursery, as 10% (v/v) of the seeding mixture (100 i.u. per plant, designated N);
a combination of both N and G treatments (designated B); application by dipping seedling

roots in inoculum, 70 days post-seeding, upon planting (designated D) and control, in which
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no inoculum was applied (designated C). All treatments were tested in MOP DAROM,
whereas only treatment B was applied at Yair Station.

Lisianthus seedlings were grown at Hishtil Nursery for 70 days in Sussia, Israel (a
cool climatic region) to prevent the need for seedling vernalization. They were then planted in
local soils at the two experimental sites. MOP DAROM consisted of local sandy soil (EC 2.73
at 0-20 cm depth, EC 1.72 at 20-40 cm depth, initial ground P level 42.5-52.5 ppm [soluble P
determined by Olsen-sodium bicarbonate extract]). Yair Station consisted of local sandy soil
(EC 3, initial ground P level 40 ppm [soluble P determined by Olsen-sodium bicarbonate
extract]). Plants were grown under controlled greenhouse conditions. Four replicates were
used for each AMF treatment, placed in randomized blocks, and in each plot, 100 plants were
sampled for measurements. At MOP DAROM, fertilization during the experiment consisted
of low P growth conditions (7:1:7 N:P:K), whereas at Yair Station the regular (7:3:7 N:P:K) P
fertilization levels were used.

Several parameters were examined for evaluation of mycorrhizal effect on lisianthus
growth and postharvest quality. These consisted of flowering stem number, length and
weight, flower weight, vase life and number of surviving plants following exposure to two
fungal diseases (pathogenic fungi identified by the Services for Plant Protection, Israeli
Ministry of Agriculture). The effect of mycorrhiza on the vase life of cut flowers was
evaluated as previously described (Meir et al., 2007) in a controlled standard observation
room maintained at 20°C with 60 to 70% relative humidity (RH) and a 12-h photoperiod
provided by cool-white fluorescent tubes and regular lamps at a light intensity of 14 pmol m™
s'. Immediately after harvest, cut flowers were pulsed with a solution composed of 200 ppm
8-hydroxyquinoline citrate (8-HQC; TOG-4 Milchan Bros. Ltd., Isracl), 0.22 mM 6-benzyl
aminopurine (BA; TOG-L-101 Milchan Bros Ltd.), 0.225 mM silver thiosulfate (STS-75
Milchan Bros Ltd.) and 5% (w/v) sucrose. The pulsing was performed for 4 h in the
observation room followed by an additional 20 h incubation at 6°C in the dark. After pulsing,
the treated flowers were incubated for 24 h in boxes held in a cold storage room at 6°C and
80% RH to simulate air transport. Vase life was then evaluated by placing the flowers in a
preservative solution composed of 50 ppm active chlorine complexed as sodium
dichloroisocyanureate (TOG-6, Milchan Bros. Ltd.). Vase life of the flowers was considered
over when three flowers had senesced. Means of replicates were subjected to statistical

analysis by multiple-range test (P < 0.05), using the JMP statistical package (SAS, Cary, NC).
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The presence of mycorrhizal colonization was examined in the roots for each of the
treatments: all roots were collected, washed and stained with acid fuchsin, as described by
Floss et al. (2008), and observed by confocal microscope (Olympus IX81,Tokyo, Japan) to

detect the fluorescence signal.

Results and Discussion

Application of AMF to lisianthus enhanced its growth and vigor (Figure 1) under the
examined conditions, especially during the second wave of growth and flowering. This
positive effect was measured under both regular and low P growth conditions. Under low P,
the ground (G) mycorrhizal application and the combined nursery and ground application (B)
significantly increased yield parameters, especially in the second flowering wave.
Significantly increased parameters included flowering stem length and number of commercial
flowering stems per square meter (Figure 2); other quality parameters, such as number of
flowers within an inflorescence and flower weight improved with AMF treatment B, albeit
not significantly (not shown).

Under regular P levels, at Yair Station, AMF was applied only as treatment B. In the
second flowering wave, a marked enhancement, especially of stem length, was recorded for
AMF-treated versus control plants (Figure 3).

The MOP DAROM experimental plot was spontaneously infected with two
pathogenic fungi: Fusarium solani and Rhizoctonia solani; this infection led to plant collapse,
recorded at the end of the experimental period. A marked increase in plant survival was
recorded for all AMF treatments relative to the control. A similar protective effect of AMF
has been recorded for other plant species (reviewed by Jeffries et al., 2003). However,
probably due to the non-uniform spread of the fungal diseases, results were with high
standard error and hence, were not statistically significant (Figure 4).

Another parameter examined in our experiments was the effect of AMF treatments on
the vase life of cut flowers. Following AMF treatments N and B, a trend of increasing vase
life was observed compared to the control, but the differences were not statistically significant
(Figure 5). However, this may be regarded as a positive result as the AMF treatment
improved yield without decreasing vase-life quality.

Lastly, the presence of mycorrhiza was examined in lisianthus roots. Following 2
months of lisianthus growth in the MOP DAROM experimental plot (AMF treatment N),

hyphae and vesicles of AMF were clearly visible along the root's vascular system (Figure 6).
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To conclude, treatment with AMF enhanced several parameters of lisianthus yield and
growth. The early mycorrhizal applications used in these experiments—at seeding in the
nursery and/or during planting in the soil—are recommended. However, previous studies
have suggested that the infectivity of mycorrhizal inoculants is influenced by the growing
media and additives (Corkidi et al., 2004). Hence, optimization for specific conditions may be
needed, especially for nursery application. Importantly, positive effects on lisianthus yield
were also evident under regular P conditions, further suggesting that AMF may be useful for
commercial growth of lisianthus. Studies are now being conducted on a semi-commercial
scale, and examination of AMF's ability to promote yield of this high-cash crop in growers'
farms is ongoing. Conceivably, AMF application may be extended to a variety of other
ornamental crop species, and integrated as part of their growth protocols for enhancement of

growth and yield.
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Figures

Figure 1: (A) The experimental plot used in MOP DAROM, located in the western Negev
desert. (B) Demonstration of AMF's effect on growth of lisianthus (Eustoma
grandiflorum, cv. Excalibur) at Yair Station, during the second wave of growth, 24 weeks

after planting. AMF: inoculated with mycorrhiza; C: non-inoculated control.

Figure 2: (A) Length of lisianthus (Eustoma grandiflorum, cv. Echo White) flowering stems
at harvest and (B) number of lisianthus flowering stems per m”, following different
mycorrhizal treatments under low P conditions at MOP DAROM. The different
application methods consisted of ground application of bulk inoculum to the planting pit
(G); application during seeding in the nursery, as 10% of the seeding mixture (N); a
combination of both N and G treatments (B); application by dipping seedling roots in
inoculum (D), and control, in which no AMF inoculum was applied (C). Different letters

above columns designate significantly different means (P < 0.05).

Figure 3: Stem length, stem weight and number of lisianthus (Eustoma grandiflorum, cv.
Excalibur) flowers per stem following mycorrhizal treatment under regular P conditions
at Yair Station. Application methods consisted of a combination of both nursery and
ground treatments (AMF) and control, in which no AMF inoculum was applied. Different
letters above columns designate significantly different means (P < 0.05) within each

examined parameter.

Figure 4: Number of surviving lisianthus (Fustoma grandiflorum, cv. Echo White) plants in
MOP DAROM following spontaneous infestation with Fusarium solani and Rhizoctonia
solani. The different AMF application methods consisted of ground application of bulk
inoculum to the planting pit (G); application during seeding in the nursery, as 10% of the
seeding mixture (N); a combination of both N and G treatments (B); application by
dipping seedling roots in inoculum (D), and control, in which no AMF inoculum was

applied (C). No significant differences were found between treatments (P < 0.05).
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Figure 5: Vase life of lisianthus (Eustoma grandiflorum, cv. Echo White) cut flowers
harvested from plants grown at MOP DAROM. The different AMF application methods
consisted of ground application during seeding in the nursery, as 10% of the seeding
mixture (N); a combination of treatments N and G (ground application of bulk inoculum
to the planting pit) (B) and control, in which no AMF inoculum was applied (C). Data
represent means of five replicates (five stems each) per treatment + SE. No significant

differences were found between treatments (P < 0.05).

Figure 6: Microscopic images of lisianthus (Eustoma grandiflorum, cv. Echo White) roots
following 2 months of growth in the MOP DAROM experimental plot (AMF application
was performed in the nursery; treatment N); hyphae (H) and vesicles (V) are designated.

Bars represent 100 pm.
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