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Abstract: Q uan tificat ion of roo t system arch itectu re is essen tia l fo r determ in ing nu trien t up take by p lan t roo ts.

Grow ing in opaque so ils, roo ts are difficu lt to observe and in terp ret. T h is m akes sim u lat ion modeling an attract ive

comp lem en tary app roach. In th is paper, roo t arch itectu re models w ere review ed and m ethods fo r construct ing geo2
m etric models w ere in troduced. S IM ROO T , an impo rtan t model fo r roo t arch itectu re, w as described as related to

nu trien t acqu isit ion. By emp loying Ex tensib le T ree data structu re imp lem en ted on a SG I compu ter, th is model p ro2
vides vivid graph ical visualizat ion of roo t grow ing. Fu rthermo re, the model can be developed to evaluate up take of

diffu sive nu trien ts by p lan ts. T he app licat ion of these models w as in troduced. M odificat ions of the model to sim u2
la te competit ion fo r nu trien t up take w ith in and betw een roo ts w ere also discussed.
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　　Roo t arch itectu re, defined as the exp licit spa2
t ia l configu ra t ion of a roo t system , determ ines the

ava ilab ility of p lan t to cap tu re and tran spo rt so il

w ater and nu trit ion resou rces[ 1～ 3 ]. T he im po rtance

of roo t arch itectu re in p lan t p roduct ivity stem s

from the fact tha t m any so il resou rces are uneven ly

d ist ribu ted, hence the spa t ia l dep loym en t of the

roo t system determ ines the ab ility of a p lan t to ex2
p lo it tho se resou rces. Roo t arch itectu re is a funda2
m en ta l aspect of p lan t p roduct ivity, especia lly in

m any environm en ts characterized by low w ater and

nu trien t ava ilab ility.

Becau se of the d iff icu lty of ob serving and

quan t ifying the arch itectu re of actua l roo ts, and

the com p lex ity and p last icity of roo ts as geom etric

ob jects, m ak ing reasonab le est im ates of the under2
ground structu re of p lan ts, w ithou t cau sing m uch

dam age to the w idesp read roo t system , cou ld be

u sefu l in roo t p lan t nu trit ion research [ 4 ]. T h is per2

spect ive app roach is sim u la t ion m odeling. Sim u la2
t ion m odeling has heu rist ic va lue in help ing m odel2
er to define relevan t p rocess and in teract ion, and in

suggest ing issues and hypo theses fo r experim en ta2
t ion [ 5 ].

P ioneering researchers in num erica l sim u la2
t ion s of roo t system s u sed em p irica l grow th ra tes

and b ranch ing param eters to sim u la te the grow th

of a sing le roo t ax is and second o rder b ranches in

tw o dim en sion [ 6, 7 ]. C rop m odels such as CER ES2
w heat [ 8 ] , CER ES2m aize [ 9 ] , and SO YGRO , PNU T 2
GRO , BEAN GRO [ 10 ] con sidered roo t d ist ribu t ion

in lim ited deta ils.

T he first m odel to exp licit ly con sider roo t ar2
ch itectu re in th ree d im en sion w as ROO TM A P,

w h ich sim u la ted the grow th and structu re fo r fi2
b rou s roo t system s[ 11 ]. A nd ano ther th ree2dim en2
siona l m odel w as u sed to sim u la te m aize roo t sys2
tem arch itectu re [ 12 ]. Roo t system w as a funct ion of

bo th roo t age and po sit ion a long the ax is.

F it ter et a l. [ 2 ] described a sim u la t ion m odel of

roo t grow th tha t sim u la ted the developm en t of roo t

system s varying in severa l im po rtan t a rch itectu ra l

fea tu res, such as topo logy, b ranch ing angles, and

link length. A dynam ic roo t grow th m odel w as a l2
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so developed to exp licit ly sim u la te the spa t ia l roo t

system arch itectu re [ 13 ].

By u sing SG I com pu ter and exp lo ited Ex ten si2
b le T ree (ET ) da ta st ructu re, S IM ROO T , a geo2
m etric sim u la t ion m odel of p lan t roo t system s, w as

developed to describe the th ree d im en siona l roo t

arch itectu re in deta ils[ 14 ]. R esearch resu lts show ed

tha t th is m odel p rovided a strong un iversa l p la t2
fo rm fo r the im p lem en ta t ion of roo t arch itectu re

studying.

A cco rd ing to the p rincip le of roo t b ranch ing,

a ll roo t system m odels review ed above are geom et2
ric sim u la t ing m odels[ 15 ]. A no ther k ind of roo t ar2
ch itectu re m odeling is based on fracta l characteris2
t ics of roo t system [ 16 ]. L indenm ayer system s (L 2
system s) are good algo rithm s fo r b io log ica l devel2
opm en t becau se of their po ten t ia l to dep ict an in tri2
ca te pa t tern by sim p le regu larity [ 17 ]. A ssum ing

tha t roo t b ranch ing pat tern fo llow s cro ss sect iona l

area theo ry, a ‘p ipe stem ’ fracta l roo t system m od2
el w as u sed to sim u la te t ree roo t [ 18 ]. Based on

L eonardo da V inci’s cro ss sect ion area tree b ranch2
ru le, ano ther roo t arch itectu re m odel A rtRoo t w as

developed to sim u la te and visua lize th ree d im en sion

roo t system s[ 19 ]. H ierarch ica l m odeling techn ique

w as a lso exp lo ited to sim u la te fracta l b ranch ing

pat tern of m aize roo t grow th [ 20 ]. A stochast ic m od2
el con sidered grow ing roo ts and their m icro spo re

d ist ribu t ion [ 21 ]. M arkov chain w as u sed to sim u la te

roo t b ranch ing [ 22 ].

Sim u la t ion of roo t system arch itectu re is

heu rist ic ra ther than p red ict ive [ 4, 5 ]. In genera l, the

inpu t param eters of roo t arch itectu re m odel cou ld

be ob ta ined by m easu ring em p irica l da ta in the

field. A num ber of invest iga t ion s p rovided im po r2
tan t a rch itectu ra l param eters in so ils[ 23 ]. T hese

roo t grow th and arch itectu ra l stud ies in situ d id

m ake good app roaches to develop ing roo t m odel.

1　M ethods ot s im ula te root system arch i-

tecture and d iffusive nutr ien t com petit ion

　　T he essen t ia l p rob lem in m odeling roo t system

arch itectu re is to sto re a ll the info rm at ion of shape

and grow th of the system. T he m ethods of geom 2
etric sim u la t ion m odel w ill be described b riefly.

1. 1　Represen ta tion of root system

In m o st sim u la t ion m odels of roo t system , the

th ree2dim en siona l arch itectu re is sim u la ted in d is2
crete t im e step s. T he m odel t rack s each segm en t

by reco rd ing its topo log ica l po sit ion w ith in the roo t

system and its spa t ia l loca t ion w ith the m odel do2
m ain, as w ell as its age, m ass and su rface area [ 24 ].

W hen a roo t system is sim u la ted, it is rep resen ted

as a set of segm en ts, each segm en t being the roo t

part genera ted du ring one t im e step. Fo r so lid

m odeling of roo t system the addit iona l info rm at ion

needed is roo t rad iu s a long the roo t ax is.

1. 2　Pr imary root em ission

D ifferen t p lan ts have differen t roo t em ission

pat tern s. T he roo t system m odels vary w ith d iffer2
en t p lan ts. A m aize p lan t con sists of elem en tary u2
n its. T he stem base is assum ed to be cone2shaped.

T he roo ts are em it ted from the base to the top of

the phytom eres. A comm on bean p lan t has fou r

k inds of roo t type: tap , basa l, adven t it iou s and

la tera l roo t. If the m o rpho logy of roo t system is

taken in to accoun t, f ib re roo ts can grow ou t off a ll

these fou r types of roo t.

1. 3　Root growth

T he length and direct ion of each grow ing ax is

m u st be eva lua ted in o rder to genera te a th ree2di2
m en siona l ob ject. T he p rogram funct ion tha t com 2
pu tes ax is elongat ion p rocesses the fo llow ing in2
pu ts: ax is o rder ( roo t type) , in ter2node rank, lo2
ca t ion of the ax is apex, and roo t age [ 12 ].

T he roo t grow th direct ion can be com pu ted

from severa l d irect iona l com ponen ts. If bo th roo t

physio log ica l and so il m echan ica l aspects are taken

in to accoun t fo r sim u la ted roo t system , the roo t

grow th can be dissected in to th ree d irect iona l com 2
ponen ts, w h ich are rep resen ted by m athem atica l

vecto rs[ 13 ] (F ig. 1).

F ig. 1　Componen ts of the grow th direct ion vecto r

Gravit rop ism , defined here as roo t grow th un2
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der a p referred vert ica l ang le, w as a t t ribu ted to

variou s cau ses. Geno type so il tem pera tu re and

ligh t w ere show n to affect gravit rop ism.

1. 4　Root branch ing

In term s of geom etry, tw o param eters are suf2
f icien t to determ ine the new direct ion of the

b ranch ing roo t: the ax ia l and rad ia l b ranch ing an2
gle, respect ively [ 12 ]. Bu t un like the m ean frequen2
cy of la tera l roo ts w h ich w as comm on ly u sed to

characterize the roo t b ranch ing p rocess in m any

m odels[ 12, 14, 19 ] , th is m odel developed a roo t b ranch2
ing p rocess w h ich can be m o re accu ra tely est im ated

by segm en t ing roo ts in to leng th classes in w h ich

b ranch ing den sity is com pu ted by M arkov chain.

A s a resu lt the m odel can be u sed to accoun t fo r

the d ist ribu t ion of in ter2la tera l roo t leng th s on the

rad ica l[ 21 ].

1. 5　Da ta structure-descr iption and a lgor ithm

T he data st ructu re is the concep tua l ob ject in

w h ich data are sto red and also referred to as the

o rgan iza t ion of such ob jects. To ach ieve linear

grow th, the system is traversed a t each t im e step

and each roo t ax is is increm en ted in length. T he

length increm en t genera ted a t each t im e step is

sto red as a separa te segm en t. T he a lgo rithm u sed

to perfo rm the length increm en t opera t ion com 2
pu tes the grow th increm en t as a funct ion of the

roo t grow th param eters fo r the cu rren t roo t.

V o lum e and su rface area are tw o im po rtan t

param eters fo r ca lcu la t ing co rrela tes of roo t system

efficiency. A sing le ax is roo t m ay be app rox im ated

by a series of t runca ted cones. T hen the vo lum e of

a roo t system is sim p ly the summ ation of a ll vo l2
um es of these trunca ted cones in the system. W ith

L as the segm en t leng th, R 1 the rad iu s a t the begin2
n ing of the segm en t, and R 2 tha t a t the end, the

vo lum e of the roo t system can be com pu ted as

　V = ∑
roots

(∑
segm ents

1
3

ΠõL (R 2
1 + R 2

2 + R 1R 2) ) (1)

T he su rface a rea can be sim ilarly comp u ted

S = ∑
roots

(∑
segm ents

(R 1 + R 2) (R 1 - R 2) 2 + L 2 (2)

1. 6　V isua l iza tion of root system growth

In o rder to com pare a system m odel to a rea l

roo t system , graph ic visua liza t ion can be u sed as

the m o st st ra igh tfo rw ard m ean s. T he m ethods

u sed to visua lize the m odel m u st p rovide basic geo2
m etrica l info rm at ion [ 25 ]. T he data st ructu re and

the visua liza t ion code p rovide con t inuou s view ing

of the ax ia l (w irefram e) st ructu re of the roo t as

w ell as con t inuou s so lid rep resen ta t ion of the roo t

as it g row s. Fo r the w irefram e rendering m ode the

tree is recu rsively traversed, draw ing all segm en ts

of a roo t. T he rou t ine then p roceeds to ca ll itself

fo r the ch ild and righ t sib ling in tu rn. T he concep t

of the trunca ted cone is carried in to the rou t ines

w h ich render the th ree d im en siona l so lid im age of

the roo t system. T he rou t ine fo r rendering a shad2
ed im age is iden t ica l in layou t to tha t fo r the w ire2
fram e. In stead of a sing le line, how ever, each seg2
m en t is rendered as a trunca ted cone u sing a co llec2
t ion of shaded po lygon s in the fo rm of a triangu lar

m esh [ 26 ].

Sim ila r to S IM ROO T , P rogram A rtRoo t can

visua lize th ree2dim en siona l roo t system structu re

associa ted w ith ano ther com pu ter p rogram PLU 2
TON [ 27 ] tha t w as developed fo r draw ing th ree2di2
m en siona l m o lecu lar st ructu res.

1. 7　Rela tion sh ip between da ta structure and root

system topology

In genera l, u t ilizing the ET data st ructu re any

b ranch ing pat tern w h ich occu rs in na tu re can be

sim u la ted on the S IM ROO T p la tfo rm p resen ted

here. Becau se of the am o rphou s na tu re of the ET

it often takes fo rm s sim ila r to o ther w ell2know n

data st ructu res. N o te in part icu la r the case of

pu rely d icho tom ou s b ranch ing w here the ET de2
genera tes to a fo rm very sim ila r to tha t of a b inary

tree. T he ET data st ructu re had dem on stra ted the

ab ility to handle sing le ax is o r m u lt ip le axe roo ts as

w ell as a pu rely d icho tom ou s b ranch ing pat tern.

1. 8　M a thema tica l form ula tion of d iffusive nutr i-

en t m ovem en t in so il

W e m ay illu st ra te the p rincip le of nu trien t so2
lu te m ovem en t by con sidering a m ovem en t of a so2
lu te th rough so il (e. g. by diffu sion) in the d irec2
t ion of x ax is. If there w ere tw o im aginary p lanes

of un it cro ss2sect ion no rm al to the ax is, and dis2
tance ∆x apart. T he vo lum e enclo sed is ∆x × 1 =

∆x. W ith in th is vo lum e

∆x
5C
5t x≈ (F x - F x + ∆x ) t≈ -

5F
5x

∆x
t

(3)
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w here F x , F x + ∆x = flux of so lu te a t x , x + ∆x ; C =

am oun t of so lu te per un it vo lum e of so il. If m ove2
m en t of so lu te is by diffu sion a lone, D is the coeffi2
cien t of d iffu sion

then　 F = - D
dC
dx

(4)

A s ∆x → 0, w e have F ick’s law in one dim en2
sion,

5C
5t

= -
5

5x
D

dC
dx

(5)

O r exp ressed in cylindrica l co2o rd ina tes fo r a

roo t,

5C
5t

= -
1
r

5
5r

(rF r) (6)

w here r is the rad ia l d istance from the ax is of

the cylinder.

2　M an ipula t ion of root arch itecture m odel-

ing and nutr ien t uptake sim ula tion

2. 1　M an ipula tion of geom etr ic m odel ing of root

arch itecture

2. 1. 1　Sim u la t ion of the gravit rop ism of roo t sys2
tem

In so il, nu trien ts have heterogeneou s d ist ribu2
t ion, and show differences in m ob ility. A lso so il

m echan ica l st reng th and tem pera tu re are uneven ly

d ist ribu ted [ 13 ]. T he effects of so il environm en t on

roo t system arch itectu re and p lan t geno type adap t2
ab ility to so il condit ion can be sim u la ted by the ge2
om etric m odel. By changing roo t system gravit2
rop ism (F ig. 2a) the m odel w as u sed to study ef2
fects of deficiency of so il nu trien ts on roo t system

arch itectu re. Sim ila rly, by changing direct iona l

b ias (F ig. 2b) , the roo t grow th m odel can be u sed

to sim u la te effects of w ater grad ien t in so il and m e2
chan ica l so il st reng th on roo t system arch itectu re.

2. 1. 2　Sim u la t ion of roo t system w ith d ifferen t

grow th ra tes, in ternode length s and the effect of

random varia t ion on roo t system

Roo t system arch itectu re varies w ith d ifferen t

geno types and p lan t grow th condit ion s. T he varia2
t ion of roo t grow th ra tes cou ld be easily sim u la ted

by the geom etric m odel. In ternode length is one of

the roo t b ranch ing pat tern s, w ho se varia t ion can

a lso be sim u la ted by the geom etric m odel.

W hen p lan t roo ts grow in a so il w ith d ifferen t

F ig. 2　V isualizat ion of roo t system dep icted

differen t effects of roo t physio logy and

so il condit ion on roo t arch itectu re

m echan ica l st reng th d ist ribu t ion o r hard part icles

like stone, the roo t elongat ion tra jecto ries of roo t

grow th w ill change acco rd ing to heterogeneou s so il

condit ion. In roo t system arch itectu ra l m odel, th is

effect can be exp ressed as a m echan ica l vecto r, o r a

random devia t ion. T h is random varia t ion of roo t

system can also be sim u la ted by geom etric m odel

(F ig. 2c).

2. 1. 3　Sim u la t ion of m u lt ip le roo t system

P lan ts a lw ays grow in field as a group , and

com pete fo r nu trien ts w ith the neighbo ring p lan ts.

Sim u la t ion of nu trien t up take by roo t system s is

necessary to facilita te quan t ita t ive understand ing of

these p rocesses, to p red ict the con sequences of

com pet it ion fo r nu trien ts, and to p rio rit ize fu tu re

research on the m echan ism s of nu trien t com pet i2
t ion. By m odifying S im R oot graph ics sub rou t ine

w ith dup lica t ing tran sfo rm at ion a lgo rithm , the

m u lt ip le roo t system s can be visua lized as tw o o r

th ree roo t system s (F ig. 3).

2. 2　M an ipula ting root m orphology

T he S IM ROO T p la tfo rm has the ab ility to

drast ica lly change the geom etric aspects of a sim u2
la ted roo t system by changing the funct iona l fo rm

of the grow th m odel o r sim p ly the param eters of

tha t m odel. Fo r roo t m o rpho logy m odeling, it w as

regarded as the basic herringbone b ranch struc2
tu re. T he fiber roo ts are sim p ly stra igh t b ranch ing

com ponen ts tha t connect to roo t. T h is st ructu re is

sim ila r to tha t of la tera l roo ts grow ing on basa l
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roo t. Bu t the fib re roo ts are m uch th inner than

roo ts. T herefo re the m odel of roo t m o rpho logy can

be sim u la ted as th ick roo t ax is su rrounded by a lo t

of very th in fib re roo ts.

F ig. 3　V isualizat ion of m u lt ip le roo t system

2. 3　Sim ula ting nutr ien t uptake by single or com -

peting root system s

M o st of the nu trien t up take m odels rely on so2
lu te2t ran spo rt theo ry as show n in Equat ion 5 o r 6.

A m ajo r d icho tom y in the evo lu t ion of these m odels

is tha t som e depend on an accu ra te num erica l

m ethod fo r determ in ing the concen tra t ion a t the

roo t su rface, w h ile o thers depend on a less accu2
ra te, bu t faster, ana lyt ica l m ethod.

In app lying an analyt ica l so lu t ion, the zone of

nu trien t dep let ion around a roo t w as defined as the

rad ia l d istance co inciden t w ith a 5% decease in the

in it ia l concen tra t ion. T h is m odifica t ion w as part ic2
u larly im po rtan t du ring the early stages of up take.

N ye and T inker[ 28 ] described th is m odifica t ion as an

op t ion. T h is m odel p resen ted a m athem atica l and

concep tua l basis fo r sim u la t ing up take by com pet2
ing roo ts. T hese concep ts u t ilized an analyt ica l so2
lu t ion to determ ine the po sit ion of the no2t ran sfer

boundary betw een tw o com pet ing roo ts. P ract ica l2
ly, w e can sim p ly ca lcu la te the nu trien t com pet i2
t ion by elim ina t ing the overlap dep let ion zone vo l2
um e betw een tw o adjacen t roo ts.

In o rder to ca lcu la te nu trien t up take of roo t

system , the info rm at ion needed includes so il dep le2
t ion zone vo lum e and the nu trien t concen tra t ion in

dep let ion zone. D iffu sive nu trien ts such as pho s2
pho ru s are genera lly imm ob ile. T he availab ility of

these nu trien ts is typ ica lly h ighest in the top so il.

T herefo re the nu trien t up take by sam e vo lum e of

dep let ion zone in top so il is obviou sly h igher than

tha t in sub so il. T he to ta l nu trien t up take of roo t

system can be ob ta ined by accum u la t ing a ll nu tri2

en t up take d ispersed in stra t if ied so il. A recu rsive

a lgo rithm based on traverse is u sed to perfo rm cal2
cu la t ion fo r actua l dep let ion zone vo lum e in differ2
en t layers and m u lt ip ly w ith the nu trien t concen2
t ra t ion in co rresponding layers.

3　Appl ica t ion of root arch itecture m odels

　　U n like tho se m odels u sed to genera te bo tan i2
ca l t ree im age fo r exh ib it ing tree appearance [ 29 ] ,

the ob ject ives of roo t arch itectu re m odeling are to

sim u la te the rela t ion sh ip betw een roo t arch itectu re

and p lan t physio logy, so il p roperty, and acqu isi2
t ion of nu trien ts and w ater. P ract ica lly a ll roo t ar2
ch itectu re m odels w ere developed as p la tfo rm s fo r

ana lyzing the p lan t nu trit ion p rocesses. Fo r exam 2
p le, the roo t arch itectu re sim u la t ion m odel w as

em p loyed to eva lua te param eters describ ing the

roo t system arch itectu re of field grow n m aize

p lan t [ 30 ]. T hen the m odel w as u sed to com pare

sim u la ted and ob served ho rizon ta l and vert ica l roo t

m ap fo r m aize. T he m odel w as a lso exp lo ited to

study the in teract ion betw een rubber seed ling roo t

developm en t and assim ila te ava ilab ility [ 31 ].

T he m odel developed by C lau sn itzer and Hop2
m ann s[ 13 ] , w as in it ia lly u sed to associa te p lan t roo t

grow th w ith so il w ater po ten t ia l. L a te on, th is

m odel w as expanded to sim u la te so lu te t ran s2
po rt and nu trien t up take and in teract ion s betw een

p lan t grow th and nu trien t concen tra t ion [ 24 ].

T he roo t arch itectu re sim u la t ion m odel de2
scribed by F it ter et a l. [ 2 ] a lso dem on stra ted the po2
ten t ia l u t ility of geom etric m odels in ana lyzing the

funct iona l im p lica t ion s of roo t arch itectu re. T he

sim u la t ion resu lt of th is m odel show ed tha t chang2
ing roo t arch itectu re w ou ld lead to varying roo t ex2
p lo ita t ion efficiency [ 32 ].

Sim ila r to F it ter’s m odel, a recon struct ion

m odel of roo t arch itectu re based on dig it ized actua l

roo t system s excavated the so il and u sed grow th

ru les to sim u la te the na t ive arch itectu re p rio r to

excavat ion [ 33 ]. T h is m odel w as part icu la rly u sefu l

in eva lua t ing roo t system topo logy, w h ich w ou ld

no t be changed by excavat ion.

By u sing S IM ROO T , nu trien t acqu isit ion effi2
ciency of roo t system w as est im ated based on car2
bon ra ther than roo t vo lum e [ 34 ]. B iom ass depo si2
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t ion and ra tes of roo t resp ira t ion and roo t exuda2
t ion w ere m easu red a long a roo t ax is and the spa2
t ia l d ist ribu t ion of these carbon co sts w as u sed as

inpu t funct ion s fo r the m odel. S IM ROO T w as ap2
p lied to fracta l ana lysis of bean roo ts[ 4 ]. T he resu lt

dem on stra ted tha t the true th ree2dim en siona l frac2
ta l d im en sion (D 3 ) w as sign if ican t ly co rrela ted

w ith p lanar (D 2) and linear (D 1) fracta l d im en2
sion.

W e also m odified S IM ROO T to invest iga te the

effect of roo t gravit rop ism on in ter2roo t com pet i2
t ion and nu trien t up take fo r P. T he resu lt show s

tha t a ltered gravit rop ic sen sit ivity in P2st ressed

roo ts, resu lt ing in a sha llow er roo t system , is a

po sit ive adap t ive respon se to low P availab ility by

reducing in ter2roo t com pet it ion w ith in the sam e

p lan t and by concen tra t ing roo t act ivity in so il do2
m ain s w ith the grea test P ava ilab ility [ 35 ]. W hen

p lan ts grow in group , com pet it ion fo r so il nu trien t

no t on ly occu rs w ith in bu t a lso betw een roo t sys2
tem s. T he resu lt of sim u la t ion show s tha t d istance

betw een roo ts, roo t sha llow ness and so il d iffu sion

coefficien t have sign if ican t effects on m u lt iroo t

com pet it ion, and con sequen t ly affect nu trien t up2
take [ 36 ].

In a recen t study, the effects of roo t arch itec2
tu re on P acqu isit ion efficiency of p lan t by com pu t2
er sim u la t ion together w ith b io log ica l experim en ts

w ere quan t ita t ively assessed, in o rder to determ ine

an idea l roo t arch itectu re fo r eff icien t P acqu isit ion

under w ater and P coup led stresses[ 37 ].

To sum up , roo t arch itectu re m odeling p roved

to be an effect ive m ethod to study p lan t nu trit ion

p rob lem rela ted to roo t system arch itectu re.
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根构型模拟模型及其应用

戈振扬1, 严小龙2, 罗锡文2

(1. 昆明理工大学现代农业工程学院, 昆明　650224;　2. 华南农业大学,广州　510642)

摘　要: 根构型定量表述是确定植物根系养分吸收的基础。因生长在不透明土壤中的根系难于被观测和分析解释,

这就使得模拟模型成为研究相关问题的一种重要的补充方法。本文对根构型模型作了综述,介绍了根构型的几何

模拟方法,评述了作为根构型与养分吸收主要模型的 S IM ROO T 平台。通过采用“扩展树”数据结构并在 SG I工作

站上操作,这一模型能展现根系生长的生动图形。进而还可将此模型进一步开发用于评价扩散性养分的吸收。根构

型模型的应用,包括我们改进模型对根系内及多根系间的养分竞争进行的模拟,也作了介绍。

关键词: 模拟模型; 根构型; 数据结构; 扩散性养分竞争
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