
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Effect of Different Factors on the Movement of Some Amino Acids in Soils
Using Thin-Layer Chromatography
K. Kumaria; R. P. Singha; S. K. Saxenaa

a Section of Plant Pathology and Nematology Department of Botany, Aligarh Muslim University,
Aligarh, India

To cite this Article Kumari, K. , Singh, R. P. and Saxena, S. K.(1987) 'Effect of Different Factors on the Movement of Some
Amino Acids in Soils Using Thin-Layer Chromatography', Journal of Liquid Chromatography & Related Technologies,
10: 7, 1299 — 1325
To link to this Article: DOI: 10.1080/01483918708066770
URL: http://dx.doi.org/10.1080/01483918708066770

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918708066770
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 10(7), 1299-1325 (1987) 

EFFECT OF DIFFERENT FACTORS ON THE 
MOVEMENT OF SOME AMINO ACIDS IN SOILS 

USING THIN-LAYER CHROMATOGRAPHY 

K. Kumari, R. P. Singh, and S .  K. Saxena 
Section of Plant Pathology and Nematology 

Department of Botany 
Aligarh Muslim University 

Aligarh 202001, India 

The i n f l u e n c e  o r  o r g a n i c  matter, CaCU3, s a l i n e  and a l k a l i n e  

s a l t s ,  f l y a s l i ,  e x o h a ~ g o a b 1 e ~ e t i u n s  and PH on t h e  m o b i l i t y  of 

s ionocnrboxyl ic ,  d i c a r b o x y l i c ,  b a s i c  and a r o r m t l c  ailrino a c i d s  h a s  

been  s tu i l i e4  u s i n g  s o i l  t h i n - l a y e r  chroirmtographlc t e c m i q u e  i n  

two d i f f e r e n t  t y p e  of soils. The lnoh i l i t y  was e x p r e s s e d  i r i  t en i i s  

o f  €if, and i$, values. The v a r i a t i o n  i n  H f ,  and 1$1 v a l u e s  

o f  a a i n o  a c i d s  unde r  d i r l e r e n t  t r e a t a r e n t s  h6ve been r e p o r t e d  and  

d i s c u s s e d  on t l ie b a s i s  of a d s o r p t i o n  and l e a c h n b i l i t y .  

Arnino a c i d s  p r e s e n t  i n  tile s o i l  a s  R breakdown of p r o t e i n s  

a r e  i n s p o r t a n t  s o u r c e s  of n i t r o g e n  t o  t h e  p l a n t  i n  i t s  n u t r i t i o n .  

The d i s t r i b u t i o n  of tlie an' ino ac i r l s  i s  a f f e c t e d  by l a r g e  number of 

f a c t o r s .  The l i t e r a t u r e  on this a s p e c t  h a s  been reviewed by 

Breiuner ( I ) .  S e v e r a l  worke r s  ( 2 ' 3 )  have a l s o  s t u d i e d  t h e  a d s o r p t i o n  

of some aiuino a c i d s  k i t 1 1  c l a y s .  The s o i l  b e i n g  a cori7ylex sys tem 

1299 

CopynghtO 1987 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



KUMARI, SINGH, AND SAXENA 1300 

must be a f f e c t i n g  t h e  u a o b i l i t y  of t h e  amino a c i d s  b u t  i n fo r iua t ion  

on such s o i l  f a c t o r s  a f f e c t i n g  t h e  m o b i l i t y  of v a r i o u s  aioino a c i d s  

in s o i l  and t h u s  i n d i r e c t l y  a f f e c t i n g  t h e i r  a v a i l a b i l i t y  t o  p l a n t s  

is a lmos t  l a c k i n g .  

Hence, i n  t h e  p r e s e n t  s t u d i e s  a t t e m p t s  have been made t o  

. de t e rmine  t h e  e f f e c t  of comnjonly oCCUring s a l t s  i n  s o i l ,  o r g a n i c  

m a t t e r ,  a u t u c l a v i n g ,  f l y a s h ,  exchangeable  i o n s  and pH on t h e  movement 

of monocarboxylic ( a l a E i n e ,  g l y c i n e ,  i s o l e u c i n e ,  l e u c i n e  and v a l i n e ) ,  

d i c a r b o x y l i c  ( a s p a r t i c  and g l u t a m i c ) ,  basic  ( h i s t a d i n e  and l y s i n e )  

and a r o m a t i c  ( p h e n y l a l a n i n e  and t r y p t o p h a n e )  amino a c i d s  using s o i l  

t h i n - l a y e r  chromatography. 

The two d i f f e r e n t  t y p e s  of tire s u r f a c e  s o i l s  

v i z .  c l a y  loem and silt l o a h  used i n  the p r e s e n t  s t u  

(0-30 cui) 

Lea, c o l l e c t e  

from A l i g a r h  d i s t r i c t  were ana lysed  f o r  t h e i r  mechanical coii iposit ion 

by I n t e r n a t i o n a l  p i p e t t e  method, pU wi th  E l i c u  p l i  meter model L I - 1 0 ,  

o r g a n i c  matter by Yalkley and B l a c k ' s  method (4 )  and C S  by J a c k s o n ' s  

rrethod (5).  The v a l u e s  are s u m a r k z e d  i n  T a b l e  T. 

The s o i l s  were ground and eeived th rough  a 100 nesh sieve 

t o  o b t a i n  samples  wi th  a sma l l  and n e a r l y  homogeneous p a r t i c l e  size. 

Clean  g l a s s  p l a t e s  were c o a t e d  w i t h  a w a t e r  s l u r r y  of s o i l  saiuple 

( 0 . 5  m , ~  t h i c k n e s s )  k i t h  tire h e l p  of TLC s p r e a d e r .  A f t e r  a i r  d r y i n g ,  

t w o  l i n e s  a t  3 cur and I 3  cm above t h e  base  were s c r i b e d  on t h e  p l a t e s  

t o  maintain t h e  s t anda rd  development d i s t a n c e  of 10 cm. 1-Alanine 

(ALA), 1 - a s p a r t i c  (ASP), DL-glutaiuic (GLL), g l y c i n e  (GLY), 

1 - h i s t a d i n e  (IIIS) ,  DL-isoleucine (ILB), 1- l euc ine  (LEU), 1 - l y a i n e  (LYS), 

DL-phenylalanine (YHb), 1-tryptophane (TBP) an3 v a l i n e  (VAL) of 0.5% 

c o n c e n t r a t i m  were a p p l i e d  as  a s p o t  on t h e  TM: p l a t e s  w i th  t h e  

h e l p  of lambda p i p e t t e  3 CRI above t h e  bottuoi of t h e  p l a t e s .  A 
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2 om wide s t r i p  of paper towel, ilioistened w i t h  d i s t i l l e d  water  was 

wrapped around t h e  bottom of t h e  p l a t e s .  The loaded p l a t e s  were 

then  developed by ascending chromatography i n  a g l a s s  tank. 

The organic  m a t t e r  ( t o  t h e  e x t e n t  of 85%) was removed from 

t h e  s o i l s  by t r e a t i n g  t h e  soil w i t h  30% H202 (6). 

autoclaved t o  determine the  e f f e c t  of autoclaving.  

The soil was 

I n  o r d e r  t o  study the  e f f e c t  of d i f f e r e n t  a d d i t i v e s  on t h e  

ulobi l i ty  of amino a c i d s ,  CaCO (5$), calciuul su lpha te ,  magnesium 

su lpha te ,  sodium su lpha te ,  sodium bicarbonate ,  sodium carbonate  

( lp ,  3% and 5% each)  and f lyash  (5% and 10%) were mixed i n  the  s o i l  

saolples. 

3 

The s o i l  w i t h  hydrogen, calciuul and sodium forius were 

prepared by Aldr ich  and Buchanan's method (7) .  The hydrogen s a t u r a t e d  

soil were used i m e d i a t e l y  a f t e r  passing through t h e  H-Dowex-50-W-X8 

c a t i o n  exchange r e s i n  t o  avoid t h e  movement of aluminium ions.  

The pH of t h e  developers  was adjus ted  t o  4,7 and 10 by 

adding, m q u i s i t e  amount of d i l  HC1 and NaOH t o  d i s t i l l e d  w a t e r  i n  

t h e  s t u d i e s  d e a l i n g  w i t h  t h e  e f f e c t  of pH on mobi l i ty .  

I n  a l l  t h e s e  s t u d i e s  t h e  developed p l a t e s  were a i r  d r i e d  

a t  room temperature  and sprayed w i t h  1% ninhydrine (8 )  i n  d i s t i l l e d  

w a t e r  followed by hea t ing  a t  100 2 5 C f o r  5 t o  10 win. Pink s p o t s  

i n d i c a t e d  f o r  Aw and GLU; dark gray f o r  ASP; reddish yellow f o r  GLY 

whi le  v i o l e t  s p o t s  f o r  HIS, ILL, mu, LYS, rim, THY and VAL. 

6 

The mobi l i ty  of amino a c i d s  was expressed in terms of 
R + B  

Rf ( 9 ) ,  % (10)  and % (11) va lues  a s  Rf - (w) where 

L$, and f$, denotes  t h e  t a i l i n g  and l a t e r a l  f r o n t s  r e s p e c t i v e l y ,  

= Distance moved by bottom of s p o t  
% Distance t r a v e l l e d  by developer  

1 
and fk f log  ( ?i; - 1) 
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USULTS AND Df SCUSSION 

When n a t u r a l  s o i l s  were used a s  an adsorbents  and d i s t i l l e d  

water  a s  e l u e n t ,  t h e  Ri, 5 and I$, values  showed l a t e r a l  movement 

of  a l l  t h e  amino a c i d s  (Fig I) except  LYS (RB - 0 )  (which is not  

c l e a r l y  v i s i b l e  i n  f i g u r e )  in both  t h e  s o i l s  (Table 11). The 

observa t ions  were i n  accord<%nce w i t h  the  increased  t a i l i n g s  shown 

by amino a c i d s  by lower mobl l i ty  (12). 

a c i d s  was lower i n  c l a y  loam s o i l  than s i l t  loaui s o i l  which might 

p a r t l y  be due t o  t h e  higher  C N ,  c l a y  and organic  mat te r  content  

i n  t h e  former s o i l  and p a r t l y  by t h e  r e l e a s e  of s i tes  f o r  adsorp t ion  

o f  amino a c i d s .  

fo l lows  the order ;  f o r  monocarboxylic amino a c i d s  I L i  > LhV > VAL> 

ALA 7 GLY; f o r  d icarboxyl ic  au ino  a c i d s  GLU > ASP; b a s i c  anilno a c i d s  

HIS 2 LYS and f o r  aromatic amino a c i d s  Ri6 > TRP. 

The ~OVeIUent of a l l  t h e  amino 

On t h e  b a s i s  of Bf, % and % values  t:ie movement 

The t rend  of t h e  monocarboxylic and d icarboxyl ic  amino a c i d s  

can he explained on the b a s i s  of s t e r l c  e f f e c t  a s  tile s i z e  of t h e  

molecule decrease t h e  adsorpt ion w i t h  the  s o i l s  i n c r e a s e s  caus ing  

decrease  i n  movement. I n  oluongst t h e  bas ic  aluino acid the  movement 

of HIS is probably higher  because i t  might be involved i n  t h e  

in t ramolecular  H-bonding thereby decreasing i t s  adsorpt ion w i t h  t h e  

s o i l s  a s  con:pared t o  LYS. I n  aroinatic amino a c i d s  decreased movement 

i n  TRY as c ~ i p a r e d  t o  W E  could be a t t r i b u t e d  t o  the presence of two 

n i t rogen  which uiay have g r e a t e r  adsorp t ion  w i t h  s o i l s .  The above 

order  or thc? amino a c i d s  a r e  g e n e r a l l y  i n  accordonce of t h e  PI values .  

However, c o r r e l a t i o n  of mobi l i ty  w i t h  s o l u b i l i t y  shows a d i f f e r e n t  

t rend .  The mobi l i ty  of monocarboxylic amino a c i d s  i s  i n v e r s e l y  

proport ional  t o  t h e  s o l u b i l i t y  while  t h a t  of  o t h e r s  d i r e c t l y  

propos i t iona l  t o  t h e  s o l u b i l i t y .  

When organic  matter was removed from s o i l  ( t o  t h e  e x t e n t  of 

85$) the  va lues  of R f ,  % of a l l  t h e  amino a c i d s  were reduce< while  
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t h a t  of % i n c r e a s e d  i n  s i l t  loam s o i l  (Table 11). T h i s  might be 

p a r t l y  d u e  t o  t h e  f a c t  t h a t  due t o  t h e  removal o f  o r g a n i c  m a t t e r ,  

t h e  s o i l  becomes h i g h l y  d i s p e r b e d  r e s u l t i n g  i n  slow p e n e t r a t i o n .  

However, i n  c l a y  loam s o i l  t h e  luovement of GLY, ILh, L s U ,  LYS, A& 

&VAL i n c r e a s e d  wh i l e  t h a t  of reolaining dec reased  which cou ld  be  due 

t o  t h e  p r e f e r e n t i a l  a d s o r p t i o n  of amino a c i d s  t o  t h e  a c t i v e  s o i l  

sites ( i 3 )  released by B e s t r u c t i u n  of o r g a n i c  u a t t e r  and t h e  amino 

groups a c t i n g  as c a t i o n s  t o  s o t i s f j  t h e  n e g a t i v e  cha rge  on t h e  c l a y  

i n  t h e  absence of o rgan ic  m a t t e r  ( 1 4 ) .  

When au toc laved  soils were used a s  a n  s t a t i c  phase and 

d i s t i l l e d  w a t e r  a s  e l u e n t  t h e  movement of a l l  t h e  alldno ac ids  

decreased excep t  t h e  b a s i c  amino a c i d  i n  s i l t  loam s o i l  and GLY i n  

c l a y  loam s o i l  (Table 111). 

A d d i t i o n  of 5% CaCO t o  b o t h  the  soils brough t  abou t  

decrease i n  t h e  v a l u e s  of Bf,  RB o f  a l l  t h e  amino ac ids  and i n c r e a s e  

i n  % v a l u e s  (Table  IT). The a d s o r b e n t  q u a l i t y  of CaCO reduced t h e  

movemnt of a l l  t h e  amino a c i d s  a s  b e i n g  h i g h l y  adsorbed on t h e  s o i l  

s u r f a c e s  t h e r e b y  r educ ing  t h e i r  upward l e a c h a b i l i t y .  These r e s u l t s  

a r e  i n  t h e  acco rdance  w i t h  t h e  work of Neerpass  (15 )  and Singh e t  a l .  

(16). 

3 

3 

I n  o r d e r  t o  s tudy  t h e  e f f e c t  of s o i l  s a l i n i t y  o r  a l k a l i n i t y  

b o t h  weak b a s e  and s t r o n g  a n i o n i c  s a l t  v i z .  calciuni  s u l p h a t e ,  

luagnesiuni s u l p h a t e ,  socliuui s u l y h a t e ,  sodium b i c a r b o n a t e  and sodium 

c a r b o n a t e  i n  t h e  c o n c e n t r a t i o n  o f  I$, 3% and 5$ were tiiixed w i t h  s o i l s  

and t h e s e  s o i l s  were used a s  an  a d s o r b e n t  and d i s t i l l e d  w a t e r  a s  

e l u e n t .  The movement of a l l  the amino a c i d s  was a lmos t  n i l  when 

b o t h  t h e  s o i l  were aiuended w i t h  sodium b i c a r b o n a t e ,  and s o d i u m  

ca rbona te .  The marked decrease i n  moveiiient of auiino ac ids  i n  

a l k a l i n e  s a l t s  amended s o i l  might be d u e  t o  t h e  i n t e r a c t i o n  of t h e  

a c i d i c  f u n c t i o n a l i t y  of t h e  amino a c i d s  (GOOH group) .  The moverueht 
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of a l l  t h e  monocarboxylic, d icarboxyl ic  and aromatic  amino a c i d s  

decreaeed w i t h  i n c r e a s e  i n  concent ra t ion  of calcium su lpha te  and 

sodium su lpha te  i n  t h e  adsorbent  phase while t h a t  of bas ic  amino 

a c i d s  increased in both t h e  s o i l s .  The moveaient of GLY, b a s i c  and 

aromatic  amino a c i d s  increased while  t h a t  of o t h e r s  decreased w i t h  

i n c r e a s e  i n  concent ra t ion  o f  magnesium su lpha te  i n  t h e  e o i l  phases 

(Table IV). A model of amino a c i d  movement in 3% calcium su lpha te  

amended s i l t  loam s o i l  is given i n  Fig 2. 

The averilge iilovcuont of airino a c i d s  follows the order  a s  

N a p 4 )  CaSO4 ) NgS04 

CaS04) Na2SOq > E&504 f o r  GLb, I L A ,  LbG and VAL 

N a 2 S 0 4 )  @SU4 > CaSOk for HIS and LYS i n  both t h e  s o i l s .  The 

a ro imt ic  amino a c i d s  sucu a s  Lib and TIW have a d i f f e r e n t  t rend  a s  

f o r  A W ,  ASP and GLY 

NogS(14) CaSir4 ) IlgSu4 i n  s i l t  l o e ; ~  s o i l  

CaS04, ?.g!"o4) N a  50 i n  c lay  loui., s o i l  
2 4  

The movel!.cr,t of Livinu acicls vns tore i n  n e u t r a l  and s u l i n e  s a l t s  

atuerirlen s o i l  t L J n  e l , ~ . e l i i ~ e .  

i n  sodiui', su1i;tiote and  calciucr. sulptiute ( i . e .  rleutral anti sr : l ine 

s a l L s j  s h o h l n ~  mxia'ua hoveij,ent i n  b u t i i  the s o i l s .  I n  a way s i t u i l e r .  

r e s u l t s  were obtaitle? by birigii e t  a l .  (17 )  and Sharnz e l  r i .  (18). 

The r i d n i ~ . u ~ .  the  .$, values  \ r c ~ e  observe8 

When s i l t  L w i b  s o i l  wr,s anietrrled w i t h  5% f l y a s h  (obtained fror:i 

T h e r m l  t'uwer s t a t i o n ,  K a s i q u r ,  a cheapest  waste product o f  

i n d u s t r i e s  u s i n g  coa l  LIE f u e l )  the moveuleilt of ALA, IIIS and TBP 

i n c r e a s e 3  while t h a t  of ASP, GLb and M a  decreased and the remaining 

ones ren!ained unaffected.  

GLY, I I IS,  L W ,  LYS arid €lib increased while  t h a t  of A M ,  ASP,  I L L ,  

THP and VAL decreased with t h e  remaining unaffectecl (Table V). 

When the  concent ra t ion  of f lyash  (10%) was increased in s o i l s  the  

movement o f  a11 t h e  amino a c i d s  i n  s i l t  loam s o i l ,  decreased while 

t h e s e  in c l a y  loam s o i l ,  t h e  movement of HIS, ILE,  LYb, LYS and VAL 

I n  c l a y  loam s o i l  t h e  ilf values  o f  GLU, 
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MOVEMENT OF AMINO ACIDS IN SOILS 1323 

i n c r e a s e d  and t h a t  of ALA, ASP, GLL, YIlL and TRY d e c r e a s e d .  The 

d e c r e a s e d  i n  t l ie rnoveriient of andno a c i d s  w i t h  t h e  a d d i t i o n  of f l y a s h  

might p a r t l y  b e  due  t o  the f l y a s h  a c t i n g  a s  an  a d s o r b e n t .  The 

c o n t e n t s  o f  f l y a s h  such a s  a l u u i n a ,  c o e s i t e ,  s i l i c a ,  atuorphous 

c a r b o n  and siuall q u a n t i t y  o f  lilue ( 1 9 )  a r e  Knubii f o r  a d s o r b e n t  

q u a l i t y .  

The movomeiit of a l l  t h e  a n i n o  a c i d s  s t u d i e d  was h ig l l e r  

i n  N a - s o i l  fo l luwed by Ca- and 3-forn. i n  s i l t  Ioiiui s o i l .  Iioh’ever, 

i n  c l a y  loo!, soil t h e  mxititup movement was in Ca-soil fo l lowed by 

Na- a n d  11-soil. ‘rile odnimun: wovernent of  a l l  t h e  amino a c i d  was 

obse rved  in bo th  t l ie 11-saturated S o i l s .  Gene ra l ly  t h e  nloveulent 

01 d i c s r h o x y l i c ,  b a s i c  and a ronwt ic  amino a c i d s  I o l l o w s  t h e  snnie 

order a s  i n  naturill  s o i l  w h i l e  t h a t  o f  aonocnrboxy l i c  amino DCid 

I M V C  d i f f e r e n t  o r d e r .  q r e g n e  ot  a l .  (20), S i n g m l  onn Singh <zii, 

sup!< e t  a l .  ( z ~ ) ,  Sin i i i  c t  2 1 .  (23) and Stic;ru:a e t  31. (24)  a l s o  

obse rved  h i g h e r  a d s o r p t i o n  of 2,4-D, deoucron  aiid a l d i c e r b  in 

H-sa tu ra t ed  s o i l s  and lower movement of p e s t i c i d e s  in 8 - s a t u r a t e d  

soils. 

The e f f e c t  of s o i l  iJF1 o n  t h e  movement of amino a c i Z s  t h r o u s h  

s o i l s  a r e  suninrarized i n  Table  VII. G e n e r a l l y  i n  a l l  t h e  c a s e s  tLe  

H v a l u e s  o f  amino a c i d s  were lower  b o t h  i n  a c i d i c  and a l k a l i n e  

r a n g e s  than  i n  t h e  n e u t r a l  rdnge  e x c e p t  IIIS a t  pH 4 and pH 10 i n  

s i l t  loam soil. However, in c l a y  l o a h  S o i l  t h e  movement o f  GLY and 

HIS i n c r e a s e 4  a t  PH 4 and HIS, ILL, LbU and HIE a t  pll 10 w h i l e  t h a t  

o f  t h e  r eoLa in ing  d e c r e a s e d .  The movement o f  ALA, ASP and HIS was 

h i g h e r  a t  pH 4 w h i l e  t h a t  of t h e  remain ing  a t  prt 10. Such a b e h a v i o u r  

cou ld  b e  due  t o  t h e  d i f f e r e n c e s  in t h e  a d s o r p t i v e  n a t u r e  of t h e  amino 

a c i d s  a t  d i f f e r e n t  pH v a l u e s  unde r s tudy .  In  s o i l  aluluonium o x i d a t i o n  

by microorganisms i s  i n h i b i t e d  a t  low pll. S i m i l a r l y  a t  h i g h e r  s o i l  

pI1 l e v e l s  t h e  p o p u l a t i o u  of ammonia o x i d i s i i i g  micro-organism d e c r e a s e  

f 
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which b e i n g  a b o u t  poor  c o n v e r s i o n  i n t o  mine ra l  N. As a r e s u l t  of 

t h e s e  phenodna  t h e  a v a i l a b l e  amino a c i d  c o n c e n t r a t i o n  i n  s o i l  

i n c r e a s e s  which m i g h t  r e s u l t  i n  more m o b i l i t y  (25). 

There fo re ,  i t  s p p e a r s  t h a t  t h e  movement and a v a i l a b i l i t y  of 

d i f f e r e n t  a u i n o  a c i d s  i n  so i l  va r i e s  wi th  d i f f e r e n t  t y p e s  of s o i l  

and a r e  governed by  s e v e r a l  f a c t o r s .  
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