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S u m m a r y

A factorial experinient 、vas carricd out to study the effect Of inoculatlon with an

arbuscular mycorrhizal fungus on the phosphorus nutrition of ioquat(ど 万οめθ竹/2

ブapθコメCa Lindl.)seedhngS growing under four P Fertillzer regimeso As compared with

the non P一fertilized control, growth and blomass production 、vere high at all P levels

i n  b o t h  m y c o r r l l i z a l  a n d  n o n―my c o r r h i z a l  s e e d l i n g s .  C o n t e n t s  O f  m a j o r  n l i n e r a l  e l e

ments in teaves 、vere fatrly uniform except for P, The non―mycorrhizal colltrol plants

had significantly lower P concerltrations than all the other treatments. Shoot P con―

tent 、vas significantly higher in both the nlycorrhizal and non一mycorrhizal P―fertilャ

ized treatments than in the correspondirlg controls  Root samples from the inoculated

treatments 、vere colonized by C,  ,70SSe2θ though infcctlon levels were quite lo、v

(<30%).The non P― fertilized controls showed marginally higher infection and limited

arbuscular―type colonization.

introduction

Loquat also called 」 apanese mediar is a fruit of wide appeal thought to be native to

southeastern China and southern 」 apan. Loquats are adapted to sub― tropical and nlild temperate

clirnates and will do well in solls of moderate fertility and good drainageo Extreme summer heat

is detrimental to loquat and dry hot winds can cause leaf scorch. In Japan, loquats are gro、 vn

on hillsides where they beneFit frona good airfloM′
6). In Ordel‐

 to exanline the nlvcorrhizal rela―

tions of loquat, root samples M′ ere collected at random frolll mature loquat trees in and around

the Ehime University Farm (33° 57'N, 132° 47'E, 20 m above sea level).Results from these

preli■linary analyses showed loquat as having very low mycorrhizal infection. Arbuscular mycorrhizal

fungi fornl symblotic associations with more than 85% of all plant speciesll. The syniblotic relation‐

ship is characterized by a bi―directional flow of nutrients;photosynthates froni the host plant and

soll derived mineral elements(particularly phosphorus)from the fungal partneril).

There are very few repol～ts on the nlineral nutrition of loquat and practically none on the

1)Pr()ressor Enleritus, Faculty oF AA7riculttircl Ehinlc Univel‐ sity
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relationship bet、veen locluat

samples, this experiment、vas

nutritional benefits from the

and arbuscular mycorrhizae. Based on the infection leveis of field

carried out to test the hypothesis that loquat does not derive substantial

symblotic association with arbuscular mycorrhizae=

Materials and Methods

Sced■ing esttbhSぬ肥er2古2βどメねθc口ねすθ77 いずrF2 C. r22θSSe2θ

Loquat seeds M/ere gernlinated in Kanuma SOil in July 2000 and later transplanted into 5L pots

containing an average of 5kg each of a low nutrient sandy soll.Mycorrhizal pots(十
AM)were

inoculated with 5g each of a soil based inoculum containing an average of 200 spores per gram Of

the AM funguS C.例 θsse2θ(Idemitsu Kosan, Tokyo).Non―mycorrhizal pots(一AM)received

silnilar anlounts of autociaved inocuitlm. The planしs Were maintained under greenhouse conditiOnsi

watered periOdiCally and fertilized once every fOur months with a combination of KH2P04, KN03

and NH4N03 CalCulated to give four different leveis of P(Table l), Fertilizer requirements Were

computed based on recommendations made by A/1orton 6)for the compound fertilizer NPK, Plant

height was measured monthly from 」 anuary to September 2001. The seedlings were harvested in

October and both roOt and shoot fresh M′ eights M′ere recorded. Dry weights ヽ vere measured after

drying at 70°C fOr 72hrs.

Table l  The fertilizer combinations used in the experiment to study phosphorus

nutrition in mvcorrhizal and non―myCOrrhiza1 loquat seedlings.

Weight of COmpound(g)

P lcvel
NH4N03KH2P04 KN03

Pl

P2

P3

P4

0 . 0

1  0

2 0

4 . 0

2.33

1 58

0.85

0.00

1.66

1.94

2 23

2 57

垣るしim2が οコ aF rθbど】bた o所θF2                       】

Root pieces(1± 0.2cm)were sampled at seedling harvest and cleared immediately by autoc

laving in 10% KOH followed by staining with O,03%Chlorazol Black E (CBE)solution 2).Infec

tion leveis and properties MFere eStimated under a corlpound rllicroscope using the grid―
intersect

niethod 4).

Results

Secどメれす 揮り″勧

There ハヽ′as no big difference in seedling groMrth bet、veen treatments during the cold months

(January―April).However, there was a rapid increase in growth for ali treatments receiving P

fertilization (P2-P4)between April and Septcmber irrcspective of C,加 θsse23 inoculation (Fig.
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(Pl)was s10w with the
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Fig l  Change in plant height with time of mycor

rhizal(十 AM)and nOn_mycorrhizal(― AM)

loquat (ど.ブ2βοコた2)SeedlingS maintained

under greenhouse conditions at four different

P ( P l―P4 ) t r e a t m e n t  i e v e l s .

n3onthly increase in height
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Fig. 2  Fresh and dry 、 veight root i shoot ratlos in

mycorrhizal(十 AM)and non_mycorrhizal

(一AM)loquat(ど ,ブapθttC2)seedlings grown

under greenhouse conditions at four different

P(Pl一 P4)trcatment levels. Bars represent

SE and different letters denote significant dif

ferences  、vithin  fresh  and  dry  weight

categories at p<005(Newman Keul's post

t e s t , n = 5 ) .
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Fresh and dry weight root i shoot ratios were significantly higher in the non―fertihzed mycor_

rhizal and non― mycorrhizal controls (Fig.2)than in treatments receiving P fertihzation.There

was a significant difrerence bet、 veen treatments receiving P fertilization and the controls in final

shoot and root fresh and dry bionlass yield. However, simllar to the groM′ th rate, no meastlrable

differences between treatments could be attributed to the presence or absence of the fungal partner

(Fig. 3).
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seedlings fel‐tilized with four different le、reis

B a r s  r e p r e s e n t  S E ( n = 5 )

6       12

Dry weight(g)
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of P (Pl― P4) and
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(ど,ブ2ρo,メc2)

Freenhotise

Fig 3
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Seedling辺 どtrition

There was no difference between treatments in shoot N, K and Ca content. Shoot P was highest

in sanlples from both the mycorrhizal and non一 mvcorrhizal treatments with the highest P fertiliza―

ttOn(P4).There was a significant difference in shoot P content between P treated(P 2-P4)and

control samples and bet、veen mycorrhizal and non―mycorrhizal samples within the control treat―

ment(Table 2).Shoot Mg Content was lowest in the non― mycorrhizal control treatment and highest

in the non―mycorrhizal P4 treatment but was generよ1ly unifornl in all the other treatments.

T a b l e  2  S h o o t  c o n t e n t  o f  s e l e c t e d  e l e m e n t s  i n  s a m p l e s  c o l l e c t e d  f r o m  m y c o r r h i z a l (十AM ) a n d  n o n _ m y c o r

r h i z a l (―AM ) i o q u a t (ど ,ブ2pθコメCa) s e e d l i n g s  m a i n t a i n e d  u n d e r  g r e e n h o u s e  c o n d i t t o n s  a t  f o u r

d i f f e r e n t  P ( P l―P4 ) t Iちea t m e n t  l e v e l s .

Mineral content(0。 )

Trcatment
MgCa

Pl+AM

Pl― AM

P2+AM

P2-AM

P3+AM

P3-AM

P4+AM

P4-AM

0 . 1 8±0 . 0 3 Z a

O . 1 7±0 . 0 1 a

0 22二上0.02a

O . 1 7 ±0 . 0 1 a

0 18tO.01a

O.20二上0.04a

O.19二LO.03a

O . 2 1±0 . 0 2 a

0,09こ生0.020by

0 05± 0.006a

O.13±0.002c

O.13±0.002c

O。14±0.002c

015± 0.004c

O.17±0.007c

O.17±0.003c

0.26■ 0.04a

O.22 EL O.02a

O.22:上0,03a

0 2 1 ± 0 . 0 3 a

O.20 t O.02a

O . 2 1 ±0 . 0 1 a

O.24:上0,05a

O.27二LO.04a

4.23 tO.13a

3.57 tO.44a

4.27二LO,03a

3.9340.48a

4.00二LO.25a

4 . 1 0±0. 3 8 a

4.07 tO,24a

4 . 0 0±0 . 2 0 a

0 23± 0.08ab

O . 1 3±0, 0 2 a

O.25± 0,09ab

O.22=LO.07ab

O.31± 0 09ab

O.28± 0 05ab

O.23」LO.05ab

0 46± 0,05b

2Mcan tt SE(n=5)

yMcans within columns followed by differentに tters are signincantly different at p<005(Newman― Kcul's post test)

町 cOrrF2アタ2ノ肋拾cよ】例

An examination of the degree of root infection by C, r77θ SSθ2e ShOWed that all inoculated

treatments established the symbiotic relationship with the fungus at all P levels, Infection was

highest in the control ti内eatnlent and loM′6st in the P4 trealtment. Arbuscular infection M′as present

only in root samples collected from the control treatment(Fig,4). There was a negative correla

tion between the level of infection and the amount of P fertilizer apphed per treatment(Fig.5).

Discusslon

Mlost members of the Rosaceae family have been shoM/n to form beneficial relationships ヽ
A′ith

A卜,l ftlngi. For exanlple, colonization with Alvl ftlngi is reported to stilnulate apple groM′th in

tlnsterilized soll under field conditions7), to increase total fresh and dry shoot M′eight, leaf nulll

ber and stolon production in strawberry5)and to suppress nematode infestation in peach rootstocks

transplanted into replant soils heavily infested M′ith the nematode tteFθ丁ど9gy,cブ 2y2r7ゴご23).

Loquat does not seem to benefit from the symblotic relationship with σ. 盟θsse2e except in
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RoOt infectiott by the Alvl fungus σ, ,7rlSSeae
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tained tlnder grcenhouse conditlons at fotir dif―

fcl‐ent P (Pl― P4)treatment leveis Bars rep‐

resent SE and letters denote significant dif_

ferences in tOtal infectiOn at ρ<0.05(New‐

man Kelll's testi n=5).

P level

T h e  c O r r e l a t i o n  b e t w e e n

fectiOn and the level of

experiment tO study the

by C. ″ θssettθ on the

of loquat(ど ,ブ2ρθ″'C2)

total mycorrhizal in‐

P fertilization in an

effect of colonizatiOn

phosphOrus nutrition

seedlings.

cases of extreme P deprivation. This is because the arbuscttiar component of infectiOn 、vas ob_

served only in the control treatnient without any P fertilization. It is has been shoM′n that the ex一

change point for the transfer of mineral elenlents from the fungal partner to the plant hOst takes

place at the arbuscule/cell interface. Polyphosphate is hydrolyzed in the arbuscules and transported

as inorga nic phosphate(Pl)across the plasma membrane of the host root ce111°. There is a pos

sible relationship between infection and the fine texture of loquat rOots. Plant species M′ith cOarse

roots seem to benefit more from the mycorrhizal relationship8)and it is highly likely that mineral

acquisition by loquat is more efficient than in coarse rooted species like citrus. This 、vould ilnply

that the threshold level of P avallability that exerts a negative impact on the relationship bet、veen

loqtlat and Ah/1 fungt is nluch lower than for most Other agrictlitural plants. This is because a

prolonged compatible relationship betM′een plants and Aぶ 71 fungi is based primarily upon the

transfer of P from the symb10nt to a host with a net P deficit. Where available soil P is not

lirniting to plant growth, roOts will exclude or linlit the mycorrhizal infection. Another possible

explanation is the likely presence of inhibitors within loquat roots that hinder the rapid fOrmation

of a ftlnctional relationship.                    i

Sinka191 reported that loquat trees gro、ハ′ better in high nloisture conditions and that loM/ soil

moisture conditions accelerate physlological leaf drop. We observed that under greenhouse condi

tions, high sullamer tenlperatures cause leaf scorching and rapid niedia dehydration ; factors that

are likely to have inlpacted negatively on seedling grOwth. Field studies enlploying a more diverse

A卜/1 specにs range coupted with a variety of management strategies shOtlld fOrm a basis for futtlre

research.
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菌根菌接種の有無とリンの施用量違いが
ビワ実生のリン吸収に及ぼす栄養

キプコリオニ ラバ ン ル ッ ト・水 谷  房  雄

浅 野 裕 城 ・P 弓屋 一
臣

1 )

摘   要

AM菌 根菌の接種の有無がビワ苗のリン吸収に及ぼす影響について調べた。試験区として菌根菌を

接種した区としなかった区、リン酸の施用量は4段階とした。菌根菌の接種の有無に関わらず、リン

の施用量が増えると苗の生体重は増加した。リンを施用した区に比べて、施用しなかった区はリンの

含量が低かった。また、施用しなかった区においては、菌根菌を接種した区では、接種しなかった区

よりもリンの含量が高かった。菌根菌を接種した区では菌根菌の感染が見られたが、その感染率は30%

以下であった。また、リンを施用した区に比べて、しなかった区で菌根菌の感染率は高かった。

1)現 在 :愛 媛大学農学部名誉教授
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