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Beneficial Influence of Arbuscular Mycorrhizal Fungal
Association ort Growth, Yield and Nutrient Uptake of

Rose-Scented Geranium (Pelargonium Species)
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Rose-scented geranium (Pelargonium species. Famiy: Geraniaceae) cv. Bourbon
grown in a P deficient red sendy loam soll (alfic ustochrepl) was inoculated with a mixed
inoculum of arbuscular mycorrhizal fungi consisting of Acaulospora laevis, Gigaspora
margarita. Glomus fasciculatum and Glomus mosseae. The influence of AM fungi on
growth, shoot biomas s yield. root biomass yield, esseniial ol yield and nitrogen (N).
phosphorus (P) andpo tassium (K) uptake of the crop was siudied. Rose-scented geranium
plants grown in inoculated soil exhibited root colonization with AM fungi, which increased
from 18.3% at 30 days t052.6% at90 days i

in control plants grow 1 in soil. i
longer roots (53.3% longer than control plants), taller plnts (19.4%), more number of
leaves (13.0%) grealer 100t biomass yield (166.1%), higher shoot biomass yield (11.7%)
and higher i 21.1%)in i izal plants. Similarly,
the N, P, K uptake by roats (N: 200.0%, P: 200.0%, K: 418.8%, higher than control plants)
and shoots (N: 24.5%, P:46.4%. K: 37.0% greater than control plants) of mycorrhizal plants
were significantly greater than non-mycorrhizal plants. This is the first report on the

beneficial influence of AM fungion rose-scented geranium.

Keywords: Rose-scented geranium Pelargonium sp., arbuscular mycorrhizal fungi, biomass
Vield. essenial ol yield. nutrient uptake

Arbuscular mycorrhizal (AN} fungi are widely
distributed in many agro-ecosystens and form obligate
symbiotic association with the roots and other

1994, Harley& Smith 1983, Manorek et al. 1982). The
mycorthizas,on the other hand, receive carbohydrates
from the plants (George et al. 1994). The beneficial

parts of most plants
(Bagyaraj & Manjunath 1997, Harley & Smith 1983,
Manorek et al. 1982, Powell & Bagyaraj 1984, Safir
1987, Sanders et al. 1975). They have gained
considerable importance in rece nlyears owing to their
beneficialinfluence inimprovig cop productivity, plant
resistance to diseases and bierince 10 heavy metal
toxicity (Bagyaraj & Manjunath 1997, George et al.

“Contesponding author guraoas o con

of beter plant natrifion through acquisition of less
mobile nutrents phosphorus (P). zinc (Zn). copper (Cuj
and sometines ammonium (NH,’) by the hyphae of
AM fungi from the soil and their Subsequent iransfer
10 the host plan! and 10 the indirect effect through
altered plant morphology and/or physiology (George
et al. 1994, Kotari et al. 1990). Though, there i
voluminousliteralure on the influence of AM fungi on
other crops, information on economically important
aromalic crops isfimited.
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Rose-scented geranium (Palargonium species,
Famnily: Geraniaceae) is an important aromatic Gop.
he essential oil of which is extracied from the freshiy
harvested shoot biomass by steam distiliion. The
highly priced (Rs. 3500-5000/kg) essential ol and the
aioma chemical rhodinol (mixture of geranial,
dironellol and other alcools present n the of)is dated
frorn the volatile oil by fractional distillation. are
extensively used in fragrance industy and in
aomatherapy. The fragrant oi is spaningly usec in the

also. T ltiated

in @ number of countries and the world production is
less than the demand offering opportunitias for
ncreasing the production of the ol In I, se
soenied geranium is cultvated in red Sois genurally
deficient in phosphorus and other nulients and
allempts are being made to increase the prociuction
of essentiai oil. Our investigations on this crop revealed
that the crop responds to appiication of mineral
fertilizers. plant growth regulators and otheragricuural
inputs (Bhattacharya & Rajeswara Rao 1996
Rajeswara Rao et al. 1990 a, b, bul its esponse to
arbuscular mycoruzal fungiis not known, tiough the
posilive influence of AM fungi on growth and nutients
acquisition by some oramental geranums were
reported (Biermann & Lindermann 1983, Boerner
1990). Enhancementin growth, biomass and essential
il yields and nulrient uptake were recorded in other

officinalis, Artemisia dracurculus, Thymus vulgars,
and Ocimurn basilicum (Garmyrubi et al. 1990). when
these crops were grownin sols inoculated with AM
fungi. Rose-scanted geraniumis cultivated in India in
red soils generally deficient in N (Nitrogen). P
(Phosphorus) and Zn (Zic). The influence of
inoculating the soil with AM lingi [found associated
with this crop under field conditions (Venkateshwar
Rao el al. 2000)) on groxth. tiomass yield, esseniial
oil yield and nutrient upfike of the crop was
investigated in the present clay.

Materials and Methods

Experimental design

The experiment was conducted with 6 treatments
namely. combinations of inoculated (with a mixed
inoculum) and non-inocuated treatments with 3 crop
growih stages (30, 60,and 90 days atter planting).
Each treatment was replicated 3 times. Therefore,
there were 18 pots (2 inoculaled treatements x 3 croj
growih stages x 3 replcations) arranged in factorial
randomized block design

Isolation and multiplication of AM fungi

aromatic crops namely, palmarosa (Cymb

martinii (Roxb.) Wats. Var. moita Burk ) (Gupta &
Janardhanan 1990, Gupta et al. 1990), citronella
(Cymbopogon winterianus Jowitt.) (Kothari & Singh
1996) different mint (Mentha) species (Khaliq &
1999), Salvia

Janardhanan 1997, Kothari et al,

soil samples of
geranium cv. Bourbon (Figure 1) growing at the
Central Institute of Medicinal and Aromatic Plants
Field Station, Hyderabad, India were collected. The

sieving and decanting technique of Gerdemann &




Nicolson (1963) for thn prisenae of AM fungal spores.
100 g sample taken in & beaker, mixad with 400 mi
of tukewarm water and a pinch of sodium
hexametaphosphate was manuslly shaken for 10
minutes until all soil aggrogates dispersed leaving a
uniform suspension. Siaves of 710um, 420um,
250um. 105um, and 45wm sizes were arranged in
descending order. The contents of the beaker were
decanted through the sieves 4-5 times till only sand
and gravel were left in the beaker. The contents of
each sieve starting with 420um were caretully
collected into separate buokers using level pipes.
They were liltered separataly through a single layer
of imported synthetic fiber white cloth. The white
cloths were kept in separat2 petridishes containing
distilled water. These were individually observed
under stereo binocular dissecting microscope. The
spores and sporocarps of AM fungi present in the
petridishes were collected with the help of
microneedles. They were mounted on to slides
employing polyvinyl lactic acid as medium. Each slide
was examined under high power research microscope
for identification and isolation into different species.
Color, size, shape, wall characteristics, contents and
surface, ornameniation of the spores, nature and size

iy &

by N 13

fasciculatum (x 100) and (d) Spore ol Glomus mosseae (x 200).

Figure 2. (a) Azygospore of Acaulospora lagvis (x 100), (b} Azygospore of Gigaspora margarita (x 100), (c) Spore of Glornus

AN Fungi and Goranam

ofthe subtending hwyphae nabous suspansor natiss
of spore, number and arnanusment of spores in iz
sporocarps. presence or aizsiznce of peridium for the
sporocarps etc. as described oy Schenck & Peray
(1990) were the criteria employed for identification
of the AM fungal species. Four species of AM fungi
namely, Acaulospora laavis Gerd. and Trappe:
Gigaspora margarita Becker and Hall.; Glomus
fasciculatum (Thaxter) Gerd. and Trappe emend. and
Glomus mosseae (Nicol. & Gerd.) Gerd. and Trappe
were identified (Figure 2).

Cenchrus ciliaris Linn. (Family. Poaceae)is & seed
propagated xerophytic grass growing to a height of
100 cm. It is used as a soil binder for controlling soil
erosion and as a fodder for domestic animals. With a
rapidly growing fibrous root system, it was observed
to be a good trap plant for AM fungal muitiplication
(Bagyaraj 1992). The four species of AM fungi were
multiplied by colonizing them on Cenchrus ciliaris in
pot culture (using rhizosphere soil) employing the
funnel technique of Menge & Timmer (1982). After 90
days, the aerial paris of Cenchrus ciliaris were
harvested and the rhizosphere soil with chopped root
bits containing the AM fungi were used as inoculum
for the pot culture study.

P
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Soit preparation and characterization
Red sandy loam (alfic usioch rept) soil having 6.7
H (1:2.5 soil to water ralio). 0.3-4% organic carbon
0.19% available N, 1.8 mg/kq 05M sockum bicaibonate:
extractable P. 133 mgikg IN_ammonium acetate
extractable K and 0.5 mglkg DTPA (fisthylene triamine

sieve and autoclaved at 121°C for2 hours was used
for the experiment. Eighteen eartien pots of 25 cm
diameter (at the 10p) and 25 cm height were surface
sterilized and used for the pol culiure siudy.

Preparation of cuttings andinoculum

Each of the 9 pots of non-insculation (control)
wreatments were flled with 8kg sol +80g autociaved
rhizosphere soil not containing any AM fungi. The
other 9 pots of inoculation treatments were filed with
8kgsoil and solof

containing a minimum of 160 spares (2 spores/g) of
the 4 AM fungi. The rhizosphere soil was thoroughly
mixed with the red soil before fillng into the pots. In
addition. 50 g chopped rootbits of Cenchrus illaris
withmore than 60% colonization vere placed near the
1001 20ne of the cuttings of rose~sented geranium in
inoculated pots. The controlpots received filtered (fiter
paper Whatman No. 1) extract of he mixed inoculum
containing comparable microflora other than
mycorrhizal fungi (Kothari etal. 1990, 1991).
Terminal stem cuttings (15 crmin length and having
2-3 terminal leaves) of ranium cv.

fresh weights were recorded, Simifarly, the fresh shoot
weights were also recorded. Samples of washed roots
were collected from each pot for determination of
mycorizal calonization. The rools were cut into
approximately | cn length. From each pot. 25 root
bits {fresh weight: 75 mg and dry weight: 3.5 mg) were
taken for colonization studies

Assessment of mycorrhizal infection

The root bl were cleared with 10% potassium
hydroxide for 20 nin al 80°C, washed with several
changes of waler, kept in 5N hydrochloric acid for 5
min to neutralize e alkali. washed 3-4 times with
waler, stained with 0.05% lactophenol (lactic acid:
phenol  glyceo! : waterin 1:1:2:1 proportion) ~trypan
biue (Philips & Hayman 1970). gently squashed under
a cover slip and examined under a light microscope
for root infecion with AM fungi. The root colonization
2 was computed by the grid line intersect method
(Giovannetti & Mosse 1980). The AM fungal spores
were isolatedifomihe hizosphere soil by wet-sieving
and decantingmethod (Gerdemann & Nicolson 1963)
as describedin isdation and multplication of AM fungi
section. Mophology of the spores. sporocarps,
mycelia, vesicles and arbuscules were studied to
identify the AM fungi (Schenck & Perez 1990).

Nutrient analyses
Al each samiping date, dry weights of roots and

Bourbon were rooted in polythene bags filled with
autoclaved red sandy loam sl and kept under partial
shade. The cutlings were vatered daily with distiled
water. Fifty days old, well rooled, uniformly and
vigorously growing cuttings were planted at the rate
of one cutting per pot.

Cuttings maintenance and harvest

The pots were watered reguiarly with sterilized
(1 fterfpot).
(KNO,: 7.0 CA (NO,),: 40; MgSO, 2.0; KCI: 1.0:
H,B0,: 1.0 ZnSO,: 1.0;CuSO,: 10; Fe-EDTA: 2.0 and
(NH)MoO,: 1.0 mifter) without posphorus and
manganese was added once aweek at the rate of
25ml per

0, 30 an 80 days after planting, the plants
{each time 6 pots were sampled, namely inoculated
and non-inoculated x 3 repicalions) were taken out
from the pots along with complete root system. Plant
paramelers such as roollengh, plant height and

alter drying at 70°C for 48 hours.

Root and shoot samples were ground to pass through
0. for N, P.K

(%) followingstandard procedures (Jackson 1973). N,

P. K uptake (mg/piant) were calculated by multiplying

dry matterofhe plants with the corresponding nutrient

concentrations.

Estimation of the contribution
of AM fungion nutrient uptake

Percent contibution of AM fungi 10 the P uptake
of the planis was computed by using the formula
(Kothari et al 1991)

Where A= Puptake by plants grown in AM fungi
inoculated so

Puptake by plants grown in
mycorthiza non-inoculated soil

numbs
Separated rom he shoots, carelully washed free from
soil under a siream of cold tap water, chopped into
small bits (2-3 cm lengih, mixed uniformly ard their
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of essential oil

Atthe ast sanpling date (90 days after planting),
shoot biomass. samples were distilled in Clevenger
apparatus (Clevenger 1928) for estimation of essential



oil concentration (%). Essential oil {(economic) yield
values were worked out by multiplying shoot biomass
yields with essential oil concentration and density of
the essential oil.

Statistical analyses

The data were statistically analyzed employing
analysis of variance (ANOVA) technique as applicable
to factorial randomized block design (Cochran and Cox
1959). Treatment means were comnpared by least
significant difference (LSD) at 5% level of probability
(P = 0.05). The interaction effects were identical to the
main effects, hence not presented and discussed. The
ANOVA table used for the analyses is shown below:

Table

Factor Degrees of Figedom
Replication 2
Inoculated vs non-inoculated 1

Crop growth stages 2
tnteraction 2

Error 10

Total C 17
Resulis

Plants grown in mycorrhiza inoculated solil
exhibited root colonization (Figure 3, while no
colonization of roois by AM fungi was observed in
control plants. The root colonization in mycorrhizal
plants increased from 18.3% at 30 days to 27.8% at
60 days and 52.6% at 90 days after planting.

i 1 ebiazl

(x 209).

Figure 3. AM fungi colonized root of inoculated rose-scented geraniurn plant showir

AM Fungi and Geranium

Nutrient concentration and nutrient uptake

Shoots accumultated higher amounts of nutrients
than roots (Tables 1, 2). This was expected, as
nutrients absorbed by roots would have been
translocated to shoots for metabolic processes of the
plant. The concentration and uptake of the nutrients
werein the following order :K>N>P in shoots and roots
at all stages in mycorrhizal and non-mycorrhizal plants.
The concentration and uptake of nutrients in roots and
shoots increased with crop age due to increased root
and shoot dry weights at these stages.

Shoots and roots of plants grown in AM fungi
inoculated soil recorded significantly higher
concenlration of all the nutrients and removed
significantly greater armounts of these nutrients from
the soil. Mycorrhizal shoots remaoved 24.5%, 46.4%,
37.0% higher amount of N, P and K, respectively in
companrison to non-mycorrhizal shoots. Mycarrhizal
rools rermoved 200.0%, 200.0%, 418.8% greater
amounts of N, P and K, respectively over non-
mycorrhizal roots. The contribution by AM fungi to the
P uptake of mycorrhizal plants varied from 27.0 ~
37.4% in shoots to 50.0 ~ 77.0% in roots at different
stages of plant growth.

Growth and yields of rose-scented geranium

Soil inoculation with AM fungi significantly
increased root length (53.3%), plant height (19.4%)
(Figure 4), number of leaves (only well developed
leaves were counted / plant) (13.0%), root biomass
yield (166.1%), shoot biomass yield (11.7%), essential

e

g vesicles and arbuscles
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Figure & Mycorizai mocutatod and no-inoculated (o) plants of rose-s.

il Gongentration (10.0%) and essential oil yield
121.1%5) of inoculated rose-scented geranium plants
in comparissn to control plants (Table 3). The shoot
00t ritios were 200.7 in mycorhizal plants as against
78,0 m non-mycorrhizal planis. The above plant
prcameters increased vith the age of the plants,

Discussion

The red sandy loam soil used in the experiment
was deficient in P and Zn. Further P deficient
conditions were maintained by supplying Hoagland's
solution without P. Under these condilions, rose-
othera P
(Gupta & Janardhanan 1990, Gupta et al. 1990,
Khaliq & Janardhanan 1997, Kothari & Singh 1996,
Kothari et al. 1999) in hacboring colonization of its
#0015 by AM fungi present in the inoculum. The
increase in the root colonization % with crop age
was due to the prevalence of P deficient conditions
throughout the experimental duration, which
encouraged rapid multiplication of AM fungi and
subsequent increased colonization of the raats of
the test croy
The higher P uptake by mycorthizal plants
(Tables 1 and 2) corroborate vath the findings of
ather researchers on aromatic crops like palmarosi

54

e s,

(Gupla & Janardhanan 1950). citondla (Kothari &
Sngh 1998) and bergamot mini (Mentha citrata
Ench) (Kothari etal. 1999). The higher P acquisition
by mycorthizal plants was geneially atiibuted to
(1 production of large amounts ol atkaline and acid
plosphates by Abt fungi durng the course of
inlection that help the nost plant in P absorption,
(2)existence of surface P on AM Iungi that enable
them 1o obtain soil P more rsadlily than non-
rmicorhizal roots. {31 provision ofad diional or more
eticient surface in fungal hypha with Subsequent
transer of absorbad P to e host. 14) lenger viability
oimycorrhizal than non-mycorrhzal oots and (5)
fMuphological and /o physiologital changes in the
plant (Tinker 1975). Though. myzorhi zal hyphae can
acuire and translocats NH,* {George =1 al.1994)
ani K (Kothari et al. 1990) to host plant .
experimental evidencas are aluays not consistent
unike P acquisition. Tharafore. il was argued that
fadors other than A fungi. for exa mple modiied
roa morphology and  or physiolagy may be
resansible for the higher uptake of these nutrients
(<o ari et al 1990, Kotivui & Singh 1996). In the
prasent invastigation, incraased ool length and
proliably higher density af the mycerthi zal roots were
possibly responsible for 12 fngher up take of N and
wihizal plants (Tables 1.2). Moreover,
InGeased numbar of kg wn thise pants would




AM Furgi ard Geranium

Table 1. N, PK
association al three stages (30, 60, 90 days afterplaning) of crop growth. "
Treatments  Comcontrations (%) Tptake  (mgr Fant)
[ [ « N > ©
Tycormaal parts” 737 = Zr o wz 82 B2
Non-mycorihizalpants 212 022 230 548 56 578
SD (P-0.05) 006 002 007 20 o7 38
Crop age (days)"”
B 136 023 23 ws 40 soa
(@3
3 25 02 251 we  si 9
(21.0)
% 260 02 200 @1 94 2
(7.4)
15D (p-005) o007 000 009 25 oo s
LD -1Least Sgant Dierence
“Auerage values o 3 cop growthstages
*Average valuss ol mycorhizalan o mycortzal eaien s
Table 2.C: and uptake of N, P. K ro0ts as fuga)
association a three stages (30, 60, 90 days alierpining) of crop growth
Tremments @ Tpiake mel  Pianl
N 3 I3 N 3 K
Thyeorzal panis” G55 By 777 0% 00 088
Non-mycorrhizal planis 0a2 oo 0s3 o1z ooz 0.6
150 (P=005) o0 0.0 003 003 0005 005
Crop age (days)"”
2 037 o oss 008 001 070
00)
& 05 o o5 013 o o2
(500)
% 081 0w 120 oso 0o 1m0
0)
LS (P-008) 003 .05 003 003 0006 0.0
P ke

LSD = Loast Sgnicant ilerence
“Aterage valugs ol Grop Growlh stages.
Average values o mycormhizal and non mycorizal esiner s

have made greater transpirational demand for waler
leading to larger transpirational gradient and
concomitant mass flow of water along with he.
mobile nutrients towards rhizosphere soil of the
mycorrhizal roots and their subsequent absorplion
by the plant. Such efects have been describedas
indirect benificial effects due to mycorrhizas (Geoge:
etal. 1994, Kothari etal. 1990). Increased K uplake:
with mycorrhizal association was also observedin
another aromatic crop palmarosa (Gupta etal-
1990)

Significant increases in root length, plant height .
root and shoot biomass yieids (Table 3) were
primarily atlributed to better P nutrition of he
mycorrhizal plants, which is evident from the P
uptake data. However, the increases could alsobe
due to higher acquisition of other plant nutrients N
andK. Significant increases in growth, biomassancl

grain yields of crops through mycorthizal association
in P deficient soils were well documentated
(Bagyaraj & Manjunath 1997 , George et al. 1994,
Gupta & Janardhanan 1990 , et al. 1990, Harley and
Srmith 1983, Maronek et al. 1982, Powel & Bagyaraj
1984). Mycorrhizal hyphae extend into the
surrounding soil, explore the soil voume that is
generally not within the reach of the plant roots,
absorb relatively less mobile nurients, especially
P,Zn, Cu, and translocate the same to he host plant
(George et al. 1994, Tinker 1975), thus effectively
increasing the absorbing area of the mycorrhizal
foots. In addition, AM fungi alter the morphology of
the rools of the host plant (George et al. 1994,
Kothari et al. 1990. 1991; Kothari & Singh 1996)
such as increased root length, rooldiameter, number
of roots. root weight etc. Improved roo morphology
leads to further enhancements ingrovih and yields
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Tabled. R oot length, plant heigh, number ofleaves and yields of rose-scented geranium at Ihree stages {30 &, 90 days ater
Planting) of erop growth as influenced by AM fungal association.

Footblomass  Shoot biomass & sentialonl

Teawents  footiongn  Panthoight Humberor | yela o Sl
e ™" avesipon_(mbiatan) __(gpiam)___(mupany

L o T 3 5oz

E " 0.22)
Nonmeomzagns 15 . o a0 s o
20

50 (008 2 o I’ . os 2
@09

P—

£ s " . s 183 -

H H W - P 2o ,

M » @ ) s ,

50 o0 ‘s 2 n e o5 ,

LSD Lsast Spnicant Diftarence
“Avaae vatos ol 310p o ages
s VAo o My hzal 300 on nyEorhzal eaimanis

of the host plant. In the present study. increase in
rootlength was only 53.3 %, while the root biomass
yield increased by 166.1% in mycorrhizal plants
signiying that in addition to root length other root
paraneters also increased leading to enhanced oot
biomass yield and reduced shoot : root The
myconhizal plants equipped with an efficient rool
system acquired higher amount of nutrients from the
soil and produced taller plants with more number of
leaves which in tur resulted in significantly greater
shoot biomass yields compared to the non-
mycorhizal plants (Table 3). Similar findings were
reported in citronella (Kothari & Singh 1996),
palmarosa (Gupta & Janardhanan 1990, Gupta et
al. 1990) and different mint species (Khaliq &
Janardhanan 1997, Kothari et al. 1999).

Tne increase in o0t fresh weight (166.1%) was
muchhigher than that of shoot fresh weight (11.7%)
in mycorthizal plants. Similar results were reported
by Kothai et al. (1999) in bergamot mint and were
attributed!o a larger effect of mycorrihizas on oot
thanshool growth.

e increase in root and shoot fresh weights with
cropage were due to enhancements in root length,
plantheight, leaf number per plant and NPK uptake
by the piants with the advancements of the crop age.

Essenial oil is the marketable product of rose-

plants. The higher essential oil yielct in mycorhizal
plants was due to increased shoot biomass yield
and essential oil concentration inhe. shoots of these:
plants compared to non-mycorrhizal pants.

Conclusions

of AM fungi through enhanced root cionization %,
nutrient uptake, root length, plant hevight, number of
leaves per plant, root and shoot bormass yields and
essential o yield. This i the first reort onthe beneficial
association of AM fung with rose-scen ted geranium.
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