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A b str a c t
F ine roots are important for w ater and nutrient acquisition and their dynamics have profound influence on the below ground resource 
capture efficiency o f  trees. The present investigation was taken up to  study the effect o f  environmental variables viz.. soil moisture 
and soil nutrient status on the fine root dynamics o f  rubber trees, and to find out the period o f  highest fine root density to optimize 
the timing o f  pre-m onsoon fertilizer application. T he study w as conducted at two locations, Koltayam and Chethackal with distinct 
variation in soil nutrient status, com paratively low er status at Kottayam and higher at Chethackal. Root observations were recorded 
during 2006 and 2007. Soil moisture stress during sum m er season was less during 2006 compared to 2007. At both the locations, the 
clone was RRII 105 and trees were 17 years old. Fine root density in the surfacc layer (0-7.5 cm) was quantified during summer 
Msason and after the onset o f  rains till the root density stabilized or declined. Soil moisture was recorded periodically. With the onset 
o f  rains, fine roots began to develop and the highest root density was observed after a period o f  35 to 45 days at both the locations 
during both the years. After this period, the root density declined. The fine root density was nearly twofold at the low fertility site 
(Kotteyam) compared to the other site (Chethackal). The intensity o f soil moisture stress during preceding summer season influenced 
the tim e taken for fine root development after the onset o f  rains and the biomass allocated for fine root production at the low fertility 
site. W hen the soil m oisture stress was low, there was gradual increase in fine root density, whereas, when the soil moisture stress 
was more, the tim e lag for initiating root proliferation was longer. The data indicate the necessity o f a more precise timing o f  fcrtilizCT 
application to m axim ize uptake o f  applied nutrients.
Keywords: Fine  root dynam ics, m oistu re  stress , soil nutrient status

I n tr o d u c t io n  F in e  root p ro d u ctio n  and turnover are highly
F in e  root p roduction  represents a large proportion environm ents. L ensdm er and

o f  t o ta l  a n n u a l n e t  p r im a ry  p r o d u c t io n  in  m o s t  <^002) identified  w ater availability  as the single
e co sy s tem s . O f  the total n et prim ary production  in  forest factor w ith  largest m fiuence on fine root biom ass m beech
e co sy s tem s , 4 0  to  7 3  per cen t has b een  reported to  b e  N u trient a va ilab ility  .s  a lso  an .mportant soil
a llocated  b e lo w  ground for fin e  root production (A gren  factorw hich  in fiuence fine root production and mortality.
e t  a i .  1 98 0). F in e  roots (roots thimrer than 2  m m ) are in  ®
con stant fiu x  w ith  death  and replacem ent tak ing p lace  ^  ,
sim u lta n eou sly  and are the organs o f  w ater and nutrient• TT. 1 . j  1 * T-i L o r e n z o , 2 0 0 1 )  E x te n s iv e  ro o t p r o life r a t io n  anda cq u isilio n . T h e  p lasU city  in root d ev elop m en t enab les ' '  . .  ̂ r .
the plants to  a lter their root m o rp h o lo gical features so  as branching is seen  m tlte organ ic horizon o f  m a j  forest
to  e x p lo r e  th e ir  su rro u n d in g s  m o r e  e f f ic i e n t ly  fo r  eco sy stem s to  m crease nutnent a c q u is i t io n  particularly

^ b  grow th IS lim ited b y  nutrient availability (Vogt et
a i ,  1996).essen tia l resources at a m in im um  resource investm ent.

S in ce  fin e roots com p rise  m ost o f  th e total root len gth  o f  
a n y  root system  and h a v e  v ery  tin y  diam eter, they  are in T lie variations in the m onsoon pattem  and varying
intim ate con tact w ith  the large v o lu m e o f  so il p e r  unit d r o u g h t  i n t e n s i t i e s  experienced i n  recent years necessitate
root v o lu m e  an d  o f  m ajor im p o rta n ce  in  w a ter and r e f i n e m e n t  o f s o m e o f t h e  agro-m anagem ent techniques,
nutrient acq uisition . A  m ore precise  tim in g  o f  the fertilizer application when
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there is a rc-grow th o f  adequate active fine roots after 
the d ec lin e  in root b iom ass during the sum m er season  
w ill ensure h iglier fertilizer u se  e ffic ien cy . M oreover  
there is  a gro w in g  con cern o ver the soil acid ification  in 
agricultural system s. Nitrate Icaching has been  identified  
as a cau sc  for so il  acid ification , w h ich  can b e  m inim ized  
b y  apply ing  fertilizers w h en  crop uptake efTicicncy Is 
higher (Barak e t  a /., 1997).

T lie  present investigation  w as taken up to  study  
the fin e  root dynam ics o f  rubber trees in relation to so il  
m oisture and nutrient and to  fm d out the period o f  highest 
fin e root d en sity  to  op tim ize  the tim ing o f  pre-m onsoon  
fertilizer application.

M a te r ia ls  a n d  M eth o d s
R o o t m ea su rem en ts  w e r e  record ed  from  tw o  

rubber plantations (c lo n e  RRII 105) estab lished  in 1989  
at the R ubber R esearch  Institute o f  India, K ottayam , 
K erala, (9'’ 3 2 ’ N . 7 6 “ 8 6 ’E , at an altitude o f  73  m  above  
m sl) and Central E xperim ent Station, Chethackal, Kerala 
(9“ 2 2 ’ N , 76®50’E, at an a ltitude o f  50  m ). B o th  the sites  
differed  appreciably  in s o il  nutrient status, so il pH  and 
gravel con ten t (Tab le 1). T ypical warm  hum id tropical 
clim a te is  exp erienced  in both the location s w ith  defin ite  
w e t  a nd  dry  p e r io d s . T h e  m ea n  an n u al ra in fa ll  at 
'K o tta y a m  is  aro u n d  3 0 0 0  m m , but it  is  n o t w e l l  
c istributed. D ry  season  extend  from  D ecem b er  to  April 
w h ic h  is  a p er io d  o f  d e f in ite  s o i l  m o is tu re  s tre ss. 
Chethackal receives com paratively m ore rainfall (average 
aim ual rainfall ranges from  3 0 0 0  to  3 5 0 0  m m ) both  in  
terms o f  total quantity and distribution.
Table 1. Soil nutrient status and gravel content of the study sites

1 o c a tlo D Gravel
content

{%)

pH Org
C

(%)

Av.P Av.K Av.Ca 

m g /100 g soil

Av.Mg

Chethackal
ICoiiayam

4
12.86

4.75
4.40

2,49
1.99

7.20
0.96

8.52
2.81

11.04
1.37

3.88
0.55

sea son  and at shorter intervals after the onset o f  the rains 
till the root density  m ore or less  stab ilized  or started to 
d ecline.

Sam ples w ere soaked in w ater and cleaned  from  
soil and organ ic residues b y  s iev in g  in a gen tle  stream o f  
water. S o on  after w ash ing , dead roots w ere carefu lly  
rem oved. F ine roots o f  other plants w ere separated based  
o n  colou r, branch ing  pattern and texture. L iv e  roots  
(b iom ass) w ere dried at 7 0  ®C and w eigh ed .

S o i l  m o is tu r e  ( 0 - 3 0  c m )  w a s  r e c o r d e d  
gra v im etr ica lly  from  both  th e s ite s  p er io d ica lly  and 
exp ressed  as percentage. C om p osite  so il sam ples (0-30  
cm ) w ere co llec ted  from  the study sites and analyzed for 
pH (1 :2.5 so il w ater ratio), organ ic carbon (W alkley and 
B lack ’s m ethod as described by  Jackson, 1973) available 
P (B ray and Kurtz, 1945), ava ilab le K  (M organ, 1941) 
and ava ilab le Ca and M g  (V ogel, 1969). R ain fall data 
from  both the location s w ere co llec ted  from  the agro- 
m eteorolog ica l observatories located near the study sites. 
T he data w ere subjected  to  analysis o f  variance- o n e­
w a y  cla ssification  for com parison.

R esu lts  a n d  D iscu ss io n
O rganic carbon and ava ilab le nutrient status w as  

com paratively  higher at C hethackal. S o il acid ity  w a s also  
low er  at Chethackal. G ravel content in 0 -3 0  cm  so il layer 
w as o n ly  4  per cent at Chethackal w hereas it w a s 12.86  
per cent at K ottayam .

D a ily  rainfall during the study period at the tw o  
locations is g iv en  in F ig  1 &  2 . A t K ottayam , the days  
after rainfall w ere counted from  3 1st M arch and 2 nd 
A p ril d u r in g  2 0 0 6  a n d  2 0 0 7  r e s p e c t iv e ly .  T h e  
correspond ing dates w ere M arch 4th  and A pril 9 *  at 
C h e th a c k a l. A f te r  th e  o n s e t  o f  r a in s , f in e  r o o t  
develop m ent did not com m en ce  im m ediately  at both  tlie 
location s. The h ighest fine root density  w a s observed  45  
and 4 3  days after rainfall at K ottayam  during 2 0 0 6  and

F r t  Apr

Fig. I. Monthly rainfall at Kottayam during the study period



there is a re-grow th o f  adequate active fin e roots after 
the d ec lin e  in root b iom ass during the sum m er season  
w ill ensure h igh er  fe itiliz er  use e fiic icn cy . M oreover  
there is a g ro w in g  concern o v er  the so il a cid ification  in 
agricultural system s. Nitrate leach in g  has been  identified  
as a cau se for so il a cid ification , w h ich  can b e  m in im ized  
by applying fertilizers w h en  crop uptake efT iciency is 
higher (Barak a  a /., 1997).

T he presen t in vestig ation  w as taken up to shidy  
(he fin e root d yn am ics o f  rubber trees in relation to so il  
m oisture and nutrient and to  find out the period o f  h ighest 
fm e root d en sity  to  op tim ize  the tim in g  o f  pre-m onsoon  
fertilizer application .

M a te r ia ls  a n d  M eth o d s
R o o t m e a su rem en ts  w e r e  record ed  from  tw o  

rubber p lantations (c lo n e  R R I I 1 OS) estab lished  in 1989  
at the R ubber R esearch  Institute o f  India, K otlayam , 
Kerala, (9 “ 3 2 ’ N , 7 6 “8 6 ’E , at an altitude o f  73  m  above  
m sl) and Central Experim ent Stafion, Chethackal, Kerala  
(9" 2 2 ' N , 7 6 " 5 0 ’E, at an altitude o f  5 0  m ). B oth  the sites  
differed appreciably  in so il nutrient status, s o il  pH and 
gravel con ten t (Table 1). T ypical w arm  hum id tropical 
clim ate is  exp erien ced  in both  the location s w ith  defin ite  
w et an d  d ry  p e r io d s . T h e  m ea n  an n u al ra in fa ll  at 
K o tta y a m  is  a ro u n d  3 0 0 0  m m , b u t it i s  n o t w e l l  
distributed. D ry  sea so n  exten d  from  D ecem b er  to  April 
w h ich  is  a p e r io d  o f  d e f in ite  s o il  m o is tu re  stress.  
Chethackal receives com paratively  more rainfall (average 
annual rainfall ranges from  3 0 0 0  to  3 5 0 0  m m ) both in 
terras o f  total quantity and distribution.
Table 1. Soil nutrient status and gravel content of the study sites

Soil m o islu re  and  n u trien t s ta tu s on roo t dynam ics o f  rub b er  trees

Location Gravel
cotiteni

pH Org
C

Av.P Av.K Av.Ca Av.Mg

(%) (%) m g /100 g soil
Chethackal 4 4.75 2.49 7.20 8.52 11.04 3.88
Kottayam 12.86 4.40 1.99 0.96 2.81 1,37 0.55

F ine root density  (kg dry m atter m  > soil v olum e) 
was m easured b y  core sam pling. S in ce the h igh est root 
density in m ature rubber p lantations w as observed  in the 
surface 0 -7 .5  cm  so il layer (S o o n g , 1976), root density  
sam pling w a s con fin ed  to  tliis la y er  E ight sites in the 
inter-row area w ith  representative tree height and girth 
were selected  at random  for root sam pling. Q uadrates o f  
3x3 m w ere delim itated  at each  site  and root sam ples  
were co llec ted  w ith  a sharp corcr 50  m m  in d iam eter A t 
each o f  the sam pling site , s ix  sam ples w ere co llec ted  at 
each sam pling (48  sam p les at a tim e). S am ples w ere  
collected  at variable d istances from  the base o f  the tree. 
Sam pling w as done at m onth ly  intervals during sum m er

sea son  and at shorter intervals after the onset o f  the rains 
till the root d en sity  m ore or less  stab ilized  or started to  
decline.

Sam ples w ere soaked  in w ater and cleaned  fi-om 
so il and organic residues b y  s iev in g  in a gen tle  stream  o f  
water. Soon  after w ash ing , dead roots w ere carefu lly  
rem oved. F ine roots o f  other plants w ere separated based  
on colou r, branch ing  pattern and texture. L iv e  roots  
(b iom ass) w ere dried at 7 0  "C and w eigh ed .

S o il  m o is tu r e  ( 0 - 3 0  c m )  w a s  r e c o r d e d  
g ra v im etr ica lly  from  both  the s ite s  p er io d ica lly  and  
exp ressed  as percentage. C o m p osite  so il sam p les (0 -3 0  
cm ) w ere co llected  from the study sites and analyzed for 
pH  (1 :2 .5 soil w ater ratio), organ ic carbon (W alk ley  and  
B lack 's m ethod as described by  Jackson, 1 973) available  
P (B ray and Kurtz, 1945), ava ilab le K  (M organ, 1 941)  
and ava ilab le Ca and M g  (V ogel, 1969). R ain fall data 
from  both the location s w ere co llec ted  fi-om the agro- 
m eteorolog ica l observatories located near the study sites. 
T he data w ere  subjected  to a n alysis  o f  variance- o n e­
w a y  cla ss ifica tion  for com parison.

R e su lts  an d  O iscu ss io n
O rganic carbon and a va ilab le  nutrient status w as  

com paratively  higher at Chethackal. S o il acid ity  w a s a lso  
low er  at Chethackal. G ravel content in 0 -3 0  cm  so il layer 
w as o n ly  4  per cen t at C hethackal w hereas it w a s 12.86  
per cent at K ottayam .

D a ily  rainfall during the study period at the tw o  
location s is  g iv en  in F ig  1 &  2. A t K ottayam , the days 
after rainfall w ere cou nted  from  3 1st M arch and 2 nd  
A p r il d u r in g  2 0 0 6  a n d  2 0 0 7  r e s p e c t iv e ly .  T h e  
correspond ing  dates w ere  M arch 4 th  and A p ril 9 “ at 
C h e th a c k a l. A f te r  th e  o n s e t  o f  r a in s , f in e  ro o t  
develop m ent did not com m en ce  im m ediately  at both the 
location s. T he h ighest fin e root density  w a s ob served  45  
and 43 days after rainfall at K ottayam  d iu in g  2 0 0 6  and

J «  Feb AIW
M onth

Fig. 1. iMonlhly rainfall at Kottayam during the siudy period
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2 0 0 7  r e sp e c t iv e ly . T h e  sa m e  trend w a s  o b serv ed  at 
C h eth ackal a lso; the h igh est v a lu es  w ere ob served  36  
and 3 8  d a ys after rainfall (T ab le 2 ). T h is ind icates that 
a fter  th e o n se t o f  rains a m in im um  recov ery  period is 
required for further initiation  o f  fin e root d evelop m ent. 
A c c o r d in g  to  M e  C u lly  ( 1 9 9 9 ) ,  f in e  ro o ts  p la y  an  
im portant role  in  drought resistance and recovery in m any  
p la n ts . D r o u g h t in d u c e s  d e v e lo p m e n t  o f  f in e  root  
p r im o rd ia  in  p la n ts , o fte n  in  r e sp o n s e  to  d ea th  or  
ex h a u stio n  o f  th e  parent root a p ica l m eristem . T h ese  
prim ordia are drought resistant and w h en  watered, rapidly  
d ev elo p  in to  fin e  roots, w h ich  resu m e w ater and nutrient 
uptake. J essy  e t  a l.  (2 0 0 5 )  a lso  o b serv ed  a tim e lag  for  
fin e  root pro d u ctio n  after the o n set o f  rainfall. In the 
presen t study, after a tta in ing th e h igh est value, tlie  root 
d en sity  d ec lin ed  rap idly  particularly  at K ottayam . A  mat 
o f  ft-esh fm e  roots are s ee n  sca v en g in g  the litter layer  
during the period  o f  h igh est fin e root d ev elop m en t and 
th ese  roots are lost a lo n g  w ith  th e decay in g  litter rapidly. 
TTie fm e  roots on  the litter lay er are a lso  lost through the  
sp la sh in g  o f  th e rain drops o r erosio n  during the high

Table 2. Fine root density in the 0-7.5 cm soil Uyer (kgm ’ soil)
Kottayam

in ten sity  rainfall during June. T h is e ffe c t w as more 
pronounced at K ottayam  po ssib ly  due to  the more sloppy 
nature (15 per cent) o f  the study site.

F ine root density  in the surface 0 -7 .5  cm  soil layer 
decreased as the sum m er season  advanced and showed a 
rem arkable increase a lter th e  receipt o f  the rain at both 
the location s (Table 2 ). H o w ever, the fm e root density 
w a s s ig n ifica n tly  h igher at K ottayam  w hich is a low 
fertility  s ite  com pared to C hethackal (Table 3), Tlie fine 
root density  w a s  2 .5 7  kgm'^ so il during the peak period 
at C hethackal during 2 0 0 6  and it w a s 4 .5 7  kgm'^ soil at 
K ottayam . T he corresponding values were 2 .6 9  and 5.90 
kgm -’ so il resp ective ly  during 2 00 7 . W e attribute ibis 
variation in fine root density  to the remarkable difference 
in so il  properties. A vailable P content o f  the soil has a 
p ro fo u n d  in flu e n c e  on  th e fin e  root production and 
m ortality  and there w a s  appreciable d ifference in the 
ava ilab le P  con ten t at Kottayam  (0 .9 6  m g /100 g soil) 
and C hethackal (7 .2 0  m g /1 0 0  g  soil). W hen available P 
content is  low , trees produce m ore fm e roots in the surface 
so i l  to  en h a n c e  P a cq u is itio n . O ther factors which 
prom ote surface root proliferation like so il acidity (Forde 
and L oren zo , 2 0 0 1 ) and gravel content (Soong, 1976) 
w ere  a lso  h igh er  at K ottayam . This h igher fine root 
d en sity  in s o i ls  w ith  lo w  fertility status m ight be an , 
a d a p tiv e  m e c h a n ism  o f  trees  to  en h a n ce  nutrient 
acq uisition .

T h e so il m oisture data indicate that the intensity 
o f  drought during 2 00 7  w as higher com pared to 2006 at 
both the location s (F ig  3). H ow ever, the difference in 
drought in ten sity  at C hethackal w a s on ly  marginal, but 
it w a s appreciable at K ottayam . T he data on fine root 
density  c learly  sh ow s the profound influence o f  drought 
intensity  o n  fm e root dynam ics. Significant differences

M .D , Jessy , P. P rasajinakum ari. R .B. N air. K .R . V ijayakum ar and N. Usha Nair

Sampling
period

R n e  root 
density

Sampling
period

Fine root 
density

Sampling
period

Jan 2.38 (1.04) Jan 1.09 (0,46) Jan
Feb 1.84 (1.06) Feb 0.84 (0.31) Feb
Mar 1.54(0.81) Mar 0.69 (0.47) Mar
Apr (16 dar)* 1.72(0.63) A pr(lOdar) 0.93 (0.52) Mar (23 dar)
Apr (23 dar) 2,59(1.18) Apr (21 dar) 1.14 (0.31) Apr (30 dar)
Mar(31 dar) 3,75 (1.34) May (30 dar) 2.82 (0.86) Apr (36dar)
May (45 dar) 4,57 (1.40) May (43 dar) 5.90 (0.98) May
Jun 2.70 (0.79) Jun 3.17 (0.71) Jun
Jul 2.31 (0.79) Jul 2.16 (0.76) Jul
SE 0-17 0.09
CD{p<0.05) 0.97 0,26

Kine root 
density

Sampliite
period

Fine root 
dcnsltj

2,49 (0,88) 
1,36 (0,49) 
0.88 (0,53) 
1,41 (0.60) 
2.06 (0.68) 
2,57 (0,74) 
2.29 (0,98) 
1.90 (0.76) 
1.86 (0,68) 
0 .1 1  
0.32

Jan
Feb
Mar
Apr (9 dar) 
Apr (15 dar) 
May (24 dar) 
May (38 dar) 
Jun 
Jul

1.43 (0.65) 
1.08 (0.56) 
0.88 (0-43) 
1.48 9(068] 
1.62 (0,53) 
2.06 (0.65) 
2,69 (OSl) 
2.57 (0,«5) 
1.96(0,95) 
0.12 

0.34

•days after rain fail Values in parentheses arc standard deviations
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Table 3. Comparison of peak fine root density ( kg m'  ̂soil) between locations
Year Kottayam Chetbackal t -value
2006 4.57 2.57 7.95*>
2007 5.90 2.69 16.65“
•’ significant at I % level

Location Fine root density 
( kg m '  soil)

2006 2007 t-value

Kottayam Lowest (at the end o f  summer) 1,54 0.69 6.41**
H ip est (ailer rains) 4,57 5.90 5.61”

Chctiiackal Lowest (at the end of summer) 0.88 0.88 ns
Highest (after rains) 2,57 2.69 ns

I ~ m - ~  Kottayam — Ch ef t td ca t  |

Fig. 3. Soil moisture status during the study period

w ere o b serv ed  b etw een  2 0 0 6  and 2 0 0 7  at K ottayam  with  
respect to  the d ec lin e  in  fin e root d en sity  during sum m er  
and h igh est fin e root d en sity  produced after rains (Table  
4). K eyes  and G r ie r (I 9 8 1 )  ob served  that a b ov e ground  
production o f  D o u g la s  fir w a s reduced in  favour o f  fm e  
root production on m ore droughty, nutrient poor soils . 
J o s iin  a n d  W o lfe  ( 1 9 9 8 )  a ls o  r e p o r te d  th a t tr e e s  
e x p er ien c in g  rep eated  an d /o r e x ten d ed  sh orta ges  o f  
available w ater w o u ld  a llocate  a greater proportion o f  
their carbon b e lo w  ground in an attem pt to  increase their 
root shoot ratio. A n other interesting observation w as that 
the tune taken for fin e root develop m ent w a s longer w hen  
the in ten sity  o f  p reced in g  drought stress w a s  h igher  
(Table 2 ). W hen  the drought in ten sity  w a s low er, there 
w a s a gradual root d ev e lo p m en t w h erea s  w h en  the  
preceding drought stress w a s  m ore, fin e  roots took  m ore  
tim e for recovery. F ine root develop m ent during the initial 
period w a s v ery  lo w  and after 3 0  days, there w a s  very  
rapid root develop m en t (F ig  4).

Table 4. Comparison of fine root dynamics between years

••significant at 1 %  level

Fig. 4. Fine root dynamics after rains at Kottayam

T he h igh  degree o f  p lasticity  o f  fin e roots in the  
surface so il  lay er sh o w s th e agron om ic e ff ic ie n c y  o f  
rubber trees. This p lastic ity  helps the trees to exp lore  
th e  s o i l  fo r  w a ter  an d  nu trien ts e ff ic ie n tly . D u rin g  
r e fo lia tio n  in  January -  February, large qua n tity  o f  
b io m a ss  is  d iverted  for le a f  p roduction . Just l ik e  in  
refoliation , large quantity o f  b iom ass is allocated  for fine  
root production after the on set o f  p re-m onsoon  show ers. 
S in ce  th ese fin e roots are u ltim ately  added to  the so il  
carbon p ool, f in e  root turn o v er  is  as im portant as litter 
recyclin g  in rubber plantations.

C o n c lu s io n
A fter  the o n set o f  rains, a period ranging from  35  

to  4 5  d a y s  is  re q u ire d  to  a tta in  h ig h e s t  f in e  roo t  
d e v elo p m e n t. F in e  root d en sity  is  h ig h er  w h en  s o il  
nutrient status is low er indicating the adaptive m echanism  
o f  trees  to  en h a n ce  nutrient a cq u is it io n  u n d er such  
situations. W hen in ten sity  o f  p reced in g  drought stress is 
m ore, m ore b iom ass is  diverted  for fm e root production  
and a longer period is  needed  for fm e root d evelop m ent. 
S in c e  fin e  roo ts  are th e prim ary  o rg an s o f  nutrient  
a cq u isition , th ese  factors sh ou ld  b e  con sid ered  w h ile  
sch ed uling  fertilizer app lication  to  m a xim ize  uptake o f  
a pplied  nutrients particularly in the con tex t o f  gro w in g  
con cern  o v er  so il a cid ification  in agricultural system s  
and increasing frequency and sev erity  o f  drought stress  
pred icted  due to c lim a te change.
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