
Study on the vegetation of New Kitakyushu Airport 
 

[Abstract] 
With the  aim of  inves t igat ing the  in i t ia l  s ta te  of  vegeta t ion after  the  greening works  

conducted a t  New Kitakyushu Airpor t ,  which opened in  March 2006,  and providing bas ic  

data  for  es tabl ishing and mainta ining green areas ,  th is  s tudy surveyed the  s ta te  of  p lant  

growth and evaluated the  degree  of  target  achievement .  

 

In  the  greening works  of  the  a i rpor t ,  suppress ion of  maintenance cos t  was  pursued and 

vegeta t ion techniques  that  take  in to  account  the  gravel ly  ground of  the  a i rpor t  and the 

environmental  s i tuat ion of  the  offshore  s i te  were  adopted.  A s tepwise  format ion of  green 

areas  was  planned in  considera t ion of  the  vegeta t ion process  and the  t iming of  a i rpor t  

opening.  

 

In  addi t ion to  conf i rming the  achievement  level  of  near- term greening target  before  the  

opening of  the  a i rpor t ,  fu ture  evaluat ion of  target  achievement  based on projected  growth of  

sod af ter  the  a i rpor t  opening was  discussed together  wi th  maintenance measures .  Besides  

the  convent ional  germinat ion and growth survey,  the  present  s t rength  of  grass  and the  

poss ibi l i ty  of  growth recovery were  invest igated by laboratory  tes t ing.  

 

This  s tudy conf i rmed that  the  near- term target  of  creat ing green areas  by the  t ime of  

a i rpor t  opening was  achieved in  a  l imi ted  per iod (s tar t  of  work in  the  fa l l  of  2005 and s tar t  

of  use  in  the  spr ing of  2006)  by us ing a  fas t -growing,  cool-season grass .  To achieve the 

eventual  target  of  crea t ing green areas  covered wi th  shor t  pros t ra te  grasses ,  areas  requir ing  

protect ion and maintenance (such as  mowing)  af ter  the  spr ing of  2006 were  ident i f ied  and 

speci f ic  measures  proposed.  



１ . Study i tems 

The s tudy i tems are  l i s ted  below and the  s tudy f low is  shown in  Figure  1-1 .  

[Planning] 

<1> Grasping of  s i te  condi t ion 

<2> On-s i te  inves t igat ion 

 

[Survey]  

<3> Growth survey 

<4> Sod bed survey 

<5> Mixed-seeding germinat ion survey 

<6> Sod root ing survey 

<7> Germinat ion poss ibi l i ty  survey 

 

[Evaluat ion]  

<8> Evaluat ion of  greening target  achievement  

<9> Future  measures  

Fiscal 2003 and 2004 study on sodding techniques

Sodding works
　Spring of 2005
　Fall of 2005

Fiscal 2005 study on vegetation
【Planning】
　<1> Grasping of site condition
　<2> On-site investigation
　　　　 (selection of detailed survey locations)

【Survey (evaluation of present status)】
　<3> Growth survey
　<4> Sod bed survey
　<5> Mixed-seeding germination survey

【Survey (future prospects)】
　<6> Sod rooting survey
　<7> Germination possibility survey

【Evaluation】
　<8> Evaluation of greening target achievement
　<9> Future measures

Formulation of specifications for landing zone sodding

Airport opening

 

F igure  1-1 Flow of  s tudy 



2. Study method 
This  s tudy inves t igated  the  growth of  sod unt i l  the  t ime of  a i rpor t  opening in  March 2006,  

evaluated the  degree  of  greening target  achievement ,  and discussed measures  to  be  taken 

where  necessary.  

 

[Planning] 

<1> Grasping of  s i te  condi t ion 

Relevant  data  (work record ,  mater ia ls  data ,  complet ion photos ,  repai r  record ,  

meteorological  data ,  e tc . )  were  col lec ted and organized for  each vegeta t ion area .  The 

s i tuat ions  of  bed prepara t ion and vegeta t ion were  inves t igated and summarized.   

<2> On-s i te  inves t igat ion (se lec t ion of  deta i led  survey locat ions)  

The survey areas  were  invest igated to  grasp the  ent i re  s ta te  of  a i rpor t  vegetat ion,  se lec t  

survey i tems and locat ions ,  and decide  the  pol icy of  the  survey.  

Survey (evaluat ion of  present  s ta tus)  

<3> Growth survey 

In  the  spr ing and fa l l  seeding areas ,  the  overal l  s ta te  of  sod growth was  invest igated in  

terms of  v isual  appearance ,  covering ra t io ,  grass  height ,  and root ing 

<4> Sod bed survey 

Representa t ive  survey areas  were  se lected,  the  physical  proper t ies  of  the  sod bed were  

measured,  and soi l  samples  were  col lec ted for  laboratory chemical  analyses .  The condit ion  

of  the  sod bed was  thus  inves t igated.  

<5> Mixed-seeding germinat ion survey 

The numbers  of  germinated seeds were  counted in  the  fal l  seeding areas  and compared wi th  

target  values .  

 

[Survey ( fu ture  prospects) ]  

<6> Sod root ing survey 

The res is tance  of  sods agains t  a i rp lane  blas ts  was  invest igated by wind-res i s tance and root  

s t rength  tes ts .  

<7> Germinat ion poss ibi l i ty  survey 

In  the  poor  growth areas  wi thin  the  fa l l  seeding areas ,  the  potent ia l  of  germinat ion of  

ungerminated seeds  remained in  the  sod bed was  inves t igated by a  laboratory tes t .  

 

 



[Evaluat ion]  

<8> Evaluat ion of  greening target  achievement  

Based on the  s tudy resul ts ,  the degree  of  greening target  achievement  a t  the  t ime of  a i rpor t  

opening was  evaluated and indicators  for  fu ture  maintenance were  discussed.  

<9> Future  measures  

Issues  to  be  addressed for  es tabl ishing and mainta ining vegeta t ion in  the  landing zone 

were  ident i f ied  and measures  to  be  taken were  proposed.  

 

3. Study results  

<1> Grasping of  s i te  condi t ion and 

<2> On-s i te  inves t igat ion (se lec t ion of  deta i led  survey locat ions)  

The pol icy of  the  s tudy,  inc luding s tudy areas  and i tems,  was  decided on the  bas is  of  

on-s i te  inves t igat ion.  Sod cover ing ra t ios  were  found to  be  genera l ly  low with  some areal  

var ia t ion.  A to ta l  of  17 locat ions  represent ing good and poor  growth areas  were  se lec ted 

f rom the  vegeta t ion areas .  

 

<3> Growth survey 

The overal l  cover ing ra t io  was  as  low as  35% in  January 2006 but  genera l ly  increased in  

the  March survey (end of  February) .  However,  cover ing ra t io  d id  not  increase  substant ia l ly  

in  the H survey area ,  which was  subjected to  wave over topping.  Addi t ional  seeding is  

therefore  required in  th is  area .  Successful  growth was  observed in  the  P and Q areas ,  which 

were  par t ly  worked on in  the  spr ing of  2005.  

*  T h e  M a r c h  s u r v e y  r e s u l t s  a r e  b a s e d  o n  o v e r a l l  v i s u a l  o b s e r v a t i o n .  
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<4> Sod bed survey 

The sod bed in  the  landing zone was  found to  be  smal l  in  effec t ive  soi l  th ickness ,  h igh in  

soi l  hardness ,  and high in  gravel  content .  The bed was  thus  evaluated as  ra ther  unsui table  

for  vegeta t ion.  These f indings  suggest  the problems of  (1)  res t r ic t ion of  root ing and (2)  

poor  re tent ion of  water  and fer t i l izer.  Therefore ,  the  growth of  vegeta t ion may be  

suscept ib le  to  meteoro logical  var ia t ion (such as  dryness) .  

 

The resul ts  of  the  laboratory  tes t  indicate  that  the  soi l  i s  low in  effect ive  water  content  and 

high in  sol id  phase  ra t io  (physical  proper t ies) ;  and high in  pH,  low in  fer t i l izer  re tent ively,  

low in  humus content ,  and low in  ni t rogen content  ( fer t i l i ty  proper t ies) .  

 

<5> Mixed-seeding germinat ion survey 

The plant  densi ty  required for  the  a i rpor t  (3 ,000plants /m 2 )  was  sa t is f ied in  a l l  the  

vegeta t ion areas .  The weighted mean densi ty  of  the  survey areas  was  10,000plants /m 2 ,  

whereas  the  densi ty  of  each area  var ied  f rom 3,000 to  25,000plants /m 2 .  The low densi t ies  

observed are  probably associa ted  wi th  the  washout  of  seeds  together  wi th  soi l  by a  ra infal l  

r ight  af ter  the  seeding.  Most  of  the  p lants  observed in  the  fa l l  seeding areas  were  ta l l  fescue,  

which is  a  cool-season turf  grass ,  whereas  Bermuda grass  was  hard ly found.  

 

<6> Sod root ing survey 

Because  the  a i rpor t  wi l l  be used mainly by smal l  and in termedia te  a i rp lanes,  d iscuss ions  

were  made by postula t ing an  in termedia te  p lane  (AB6) ,  whose  blas t  would  be  most  

inf luent ia l .  The concerned s ta tes  of  a i rp lane  include id l ing,  breakaway,  and takeoff ;  the  

la t ter  exer ts  the  greates t  effect .  Because  the  area  di rect ly  affected by takeoff  (vegeta t ion   

area  a t  the  end of  the  runway)  would  be  more  than 150 m (161 m)  dis tant  f rom the  engines ,  

the  wind speed of  the b las t  tha t  would  affect  the sod was  assumed to  be  22 m/s  (50 mph) ,  

which corresponds  to  the  wind speed a t  the  t ime of  b reakaway.  

Table3-1 Resul ts  of  b lower  

performance tes t

1)  Blower  performance tes t  

The resul ts  of  a  b lower  performance tes t  wi thout  

background wind indicate  that  wind speed    

exceeding 22 m/s  i s  obta ined wi th in  3  m from  

the  b lower.  However,  th is  level  of  wind speed is  

obta ined only wi thin  a  radius  of  50cm from the  

center.  

Wind speed (m/s) 
Distance from 
blower Center of 

blower 
Below 
blower 

0ｍ  31.9 0.5 

1ｍ  32.2 1.0 

2ｍ  31.5 4.5 

3ｍ  27.5 12.0 

4ｍ  21.0 12.5 

5ｍ  18 .4  12 .0  



2)  Wind-res is tance  tes t  of  sod 

In  the  wind-res i s tance  tes t ,  a  wind speed of  22 m/s  was  obta ined at  the  survey locat ion 

and no sod was  removed f rom the  bed.  Moreover,  no  substant ia l  effec t  of  the  b las t  was  

observed.  The root  s t rength  surveyed a t  the  same locat ion was  in  the  range between 24 and 

35 MPa/m 2 .  The tes t  resul ts  indicate  that  the sod is  res is tant  to  wind speed up to  22 m/s  

when the  root  s t rength  of  the  sod exceeds  24 MPa/m 2 .  

 

3)  Overal l  survey 

Root  s t rength  of  24 MPa/m 2  or  more  was  observed a t  44 locat ions  (95%) out  of  the  46 

survey locat ions .  Al though root  s t rength  was  ra ther  low (22 MPa/m 2 )  a t  the  o ther  two 

locat ions ,  the  sod was  not  substant ia l ly  affec ted  by the  b las t ,  as  indicated by the  

wind-res i s tance tes t .  

The tes t  resul ts  indicate  that ,  under  the  present  sod condi t ion  ( root  taking is  low and soi l  

i s  ra ther  wet) ,  the  sod wi l l  not  be  removed f rom the  soi l  when wind speed remains  below 22  

m/s .  I t  i s  thus  judged that  no  specia l  measures agains t  b las ts  are  required for  the  sod a t  the  

t ime of  a i rpor t  opening.  

 

<7> Germinat ion poss ibi l i ty  survey 

1)  Percentage of  ungerminated seeds  

In  the  poor  growth areas ,  the  soi l  was  bare  and seeds  were  not  remained in  the  soi l .  

Even in  the  good growth areas ,  where  vegeta t ion was  present  and the  ra t io  of  bare  soi l  

was  low,  the  percentage of  ungerminated seeds  re la t ive  to  the  in i t ia l ly  sown seeds  ranged 

f rom 30% to  50% for  Bermuda grass .  Therefore ,  there  was  a  concern  that  the  germinat ion 

and growth of  the  warm-season grass  might  be suppressed even af ter  the  spr ing season.  

 

2)  Laboratory germinat ion tes t  

The seeds  in  the  soi l  of  the  poor  growth areas  germinated and grew in  the  laboratory a t  

appropr ia te  temperature .  Therefore ,  the  poor  growth is  unl ikely to  be  caused by the  soi l  or  

seeds  themselves .  

At  appropr ia te  temperature  (22 deg C on average)  in  the  laboratory,  28% to  90% of  the  

germinated  seeds  were  Bermuda grass ,  a  warm-season grass .  Al though ta l l  fescue,  a  

cool-season grass ,  was  dominant  a t  the  t ime of  the  spr ing survey,  Bermuda grass ,  which is  

supposed to  be  the  main  grass ,  i s  l ike ly to  germinate  and grow as  average temperature  r i ses  

dur ing the  per iod f rom spr ing to  summer.  



<8> Evaluat ion of  greening target  achievement  

Unconvent ional  evaluat ion methods  were  d iscussed in  v iew of  sa t i s fying the  fo l lowing  

requirements :  

(1)  Achievement  of  the  near- term greening target  for  a i rpor t  opening in  March 2006 and 

(2)  Smooth  t rans i t ion to  the  fu ture  greening target .  

As  for  (1) ,  the  "Guide for  performance judgment  af ter  seeding:  grass land" in  the  "Highway 

Ear thworks  Ser ies  -  Manual  for  Slope Protect ion" suggests  target  cover ing ra t ios  of  70% to  

80% as  a  guide .  In  the  2004 Conference for  Discuss ing Vegeta t ion Techniques  for  New 

Kitakyushu Airpor t ,  however,  a  minimal ly  required  level  of  vegeta t ion was  discussed and a  

cover ing ra t io  of  about  60% at  the  t ime of  a i rpor t  opening was  se t  as  a  target .  

For  the  above requirement  (2) ,  evaluat ion was  made in  considerat ion of  the  resul ts  of  the  

soi l  analyses  and the  germinat ion poss ibi l i ty  survey.  

 

1)  Achievement  level  of  near- te rm greening target  (a t  the  t ime of  a i rpor t  opening)  

The cover ing ra t io  of  the  ent i re  a i rpor t  greening areas,  including the  fa l l  seeding areas ,  

was  general ly  low at  35% in  January 2006.  Some areas  showed high ra t ios  up to  60% but  

many areas  showed low ra t ios  of  about  20%. The areas  of  low cover ing ra t io  were  c lass i f ied 

in to  two groups:  areas  where  growth can be expected  from the  spr ing to  summer of  2006;  

and areas  where  recovery cannot  be  expected.  Whereas  a  t rend of  increase  in  cover ing rat io  

was  observed in  the  former  a reas  in  the  March survey,  seeds  were  washed  out  so  that  

countermeasures  are  required in  the  la t ter  areas .  

 

The average densi ty  of  germinated seeds  in  the  ent i re  a i rpor t  greening areas  i s  

10 ,000plants /m 2 ,  which far  exceeds  the  required value  of  3 ,000plants /m 2 .  The densi ty,  

however,  var ies  f rom 3,000 to  25,000plants /m 2 ,  which may be  expla ined by the  washout  of  

surface  soi l  by the  rainfa l l  a f ter  the  seeding and the resul t ing in  homogenei ty  in  seed  

dis t r ibut ion.  

 

Under  the  present  sod condi t ion ( root  taking is  low and soi l  i s  ra ther  wet ) ,  the  sod is  

suff ic ient ly  res is tant  to  the expected blas t  (22 m/s  or  less  in  wind speed)  and no specia l  

measures  are  required.  This  judgment ,  however,  depends  on an assumpt ion that  root  taking 

wi l l  proceed successfu l ly.  

 



2)  Discuss ion on the  fu ture  greening target  

I t  i s  poss ible  that  the  seeds  in  the  poor  growth areas  germinate  as  the  environmenta l  

condi t ion (mainly  temperature)  become favorable .  Because  28% to  90% of  the  seeds  

germinated  under  the  laboratory  condi t ion were  Bermuda grass  seeds ,  the  warm-season 

grass  i s  l ike ly to  become dominant  as  average temperature  r i ses  dur ing the  per iod f rom 

spr ing to  summer.  Because  the  percentage of  ungerminated seeds  re la t ive  to  the  in i t ia l ly  

sown seeds  was  as  low as  about  30% to  50% and the  to ta l  number  of  germinated seeds  was  

smal l ,  addi t ional  seeding may be  required according to  the  c i rcumstances .  

Al though the  bed soi l  was  improved by adding soi l  condi t ioners  (such as  bark  fer t i l izer)  to  

the  or ig inal  soi l ,  improvement  targets  were  not  sa t is f ied  in  some i tems such as  humus 

content ,  fer t i l izer  re tent ively,  water  re tent ively,  and physical  proper t ies  (soi l  hardness  and 

sol id  phase ra t io) .  This  i s  par t ly  expla ined by insuff ic ient  humif ica t ion of  the  bark  fer t i l izer,  

and improvement  i s  expected as  decomposi t ion and humif ica t ion proceed gradual ly.  In  the  

gravel ly  consol idated areas ,  however,  the  bark  fer t i l izer  remained in  the  surface  soi l  and 

was  subjected to  washout  by ra infa l l ,  which led  to  inhomogeneous  dis t r ibut ion.  Therefore ,  

soi l  improvement  measures  should  a lso  be  discussed together  wi th  addi t ional  seeding and 

other  measures .  

 

 

 

 

 

 

 

 

 

 

 

 

:  Ta rg e t  a c h i e v e d ,  2 3 7 , 0 0 0  m2  ( 2 7 % )  

:  Ta rg e t  u n a c h i e v e d  ( r e c o v e r y  p o s s i b l e ) ,  2 5 1 , 0 0 0  m2  ( 2 9 % )  

:  Ta rg e t  u n a c h i e v e d  ( r e c o v e r y  u n l i k e l y,  a d d i t i o n a l  me a s u r e s  r e q u i r e d ) ,  3 8 2 , 0 0 0  m2  ( 4 4 % )  
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Figure  3-2  Degree  of  greening target  achievement  



(2)  Future  measures  

A future  target  of  a i rpor t  greening is  to  real ize  t rans i t ion of  dominant  turf  grass  f rom ta l l  

fescue to  Bermuda grass  dur ing the  per iod f rom the  spr ing to  summer of  2006.  After  the  

opening of  the  a i rpor t ,  t rans i t ion to  the  warm-season grass  should  be  pursued whi le  

mainta in ing vegeta t ion,  which requires  creat ion and maintenance of  p lots ,  covered wi th  

shor t  and dense  grasses .  The greening targets  af ter  the  opening of  the  a i rpor t  were  se t  to  

80% in  cover ing ra t io  and about  15  cm or  less  in  grass  height .  

 

With  the  a im of  es tabl ishing and mainta in ing vegeta t ion in  the  landing zone,  s ix  i ssues  

were  ident i f ied  as  fu ture  chal lenges .  

<1> Achievement  of  a  target  cover ing ra t io  of  80% in  the  landing zone:  moni tor ing,  

d iscuss ion on measures  to  be  taken,  and confi rmat ive  survey af ter  taking measures  

<2> Transi t ion  to  the  warm-season grass :  mowing,  moni tor ing,  and discuss ion on opt imum 

management  methods  

<3> Root  taking of  sod and achievement  of  the  target  cover ing ra t io  in  the  landing zone:  

moni tor ing,  d iscuss ion on measures  to  be  taken,  and conf i rmat ive  survey af ter  taking  

measures  

<4> Measures  agains t  sa l t  damage (wave over topping) in  the  coasta l  areas  of  the  landing 

zone:  moni tor ing,  d iscuss ion on measures  to  be taken,  and conf i rmat ive  survey af ter  taking 

measures  

<5> Considera t ion of  opt imum maintenance methods  (weeding and t rea tment) :  exper ience  

survey and feas ibi l i ty  s tudy 

<6> Considera t ion of  scenery viewed f rom the  terminal :  d iscuss ion on scenery,  d iscuss ion 

on measures  to  be  taken,  and confi rmat ive  survey af te r  t aking measures  


