
THE EFFICIENCY OF SULPHUR BENTONITE FERTILIZER
CHAPTER VI

6.1 Abstract

T h e  p re p a re d  su lp h u r b e n to n ite  and  su lp h u r-P C H  fe r tiliz e r  w e re  te s ted  the 
e ff ic ie n cy  in  fe r til iz a tio n , su lp h u r  co n ten t, d isp e rs ib ility  in  w a te r, o x id a tio n  to 
su lp h a te , so y b e a n  p la n ta tio n , and  su lp h u r u p ta k e .T h e  m e a su re d  su lfu r  co n ten ts  
w e re d e te rm in e d  by  lo ss  on  ig n itio n , it w as fo rm ed  th a t th e  m e a su re  su lp h u r  co n ten ts  
are  c lo se  a g re e m e n t to  n o m in a l co n te n ts .T h e  d isp e rs io n  ra te  w as  d e te rm in e d  by 
im m e rs io n  su lp h u r  b e n to n ite  p rill in  w a te r an d  m e a su rin g  w e ig h t lo ss  o f  su lp h u r 
b en to n ite  p rill. T h e  ra te  d isp e rs io n  in w a te r o f  su lp h u r  b e n to n ite  in w a te r  increased  
w h en  th e  b e n to n ite  c o n te n t w as  in c reased  fro m  1 0  to  2 0  w t%  and  th en  d ecreased  
w h en  th e  b e n to n ite  co n te n t w a s  in c reased  fro m  20  to  30  w t% . T h e  su lp h u r-P C H  
p rills  d id  n o t sw ell in  w a te r  a lth o u g h  it w as im m e rse d  in w a te r  sev e ra l d a y s , it is still 
in p rill fo rm .T h e  o x id a tio n  to  su lp h a te  w as s tu d ie d  by  c u rin g  each  su lp h u r  fe rtilize rs  
in sand . A fte r  45  d ay s , th e  in cu b a ted  soil w as  c o lle c te d  an d  d e te rm in e d  th e  w a te r 
so lu b le  su lp h a te  in  so il. T h e  re su lts  sho w ed  th e  g o o d  o x id a tio n  o f  su lp h u r b en to n ite  
fe rtilize r. S o y b e a n  w a s  te s ted  th e  e ff ic ien cy  o f  e a c h  su lp h u r  fe rtiliz e r. T h e  so y b ean s 
w ere  h a rv e s te d  60  d a y s  a fte r  p la n tin g , so y b e a n s  th a t u p ta k e  su lp h u r  b en to n ite  had 
s ig n if ic a n tly  h ig h e r  av e ra g e  h e ig h t, w e ig h t, p ro d u c ts , an d  su lp h u r  u p ta k e  than  
su lp h u r-P C H .

keywords ะS u lp h u r  b e n to n ite , S o y b ean  p la n ta tio n , O x id a tio n  o f  su lp h u r, S u lp h u r 
u p tak e

6.2 Introduction

A fte r  c ro p  is h a rv e s te d , a p o rtio n  o f  th e  a v a ila b le  su lp h u r  is d e p le te d  and  a 
p o rtio n  is re tu rn e d  to  so il as  re s id u e  and  c o n v e rte d  in to  o rg a n ic  m a tte r. B u t in the 
c ro p p in g  sy s te m , it te n d s  to  re m o v e  m o re  su lp h u r  th an  b e in g  rep laced . S o  th e  su lp h u r 
fe rtiliz e rs  a re  re q u ire d  fo r  so il su p p lem en t. T h e re  a re  v a r io u s  ch em ica l an d  physica l
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fo rm s o f  su lp h u r  fe rtil iz e r  su ch  as su lp h a te  fe r tiliz e s  (e x a m p le  a m m o n iu m  su lp h a te  
and  p o ta ss iu m  su lp h a te )  an d  a n o th e r o n e  is  e le m e n ta l su lp h u r  in d iffe re n t p h y sica l 
fo rm s. F o r th e  su lp h a te  fe rtiliz e r, it p ro v id e s  an  im m e d ia te  so u rce  o f  su lp h a te  to  the  
p lan t, b u t su lp h a te  is easy  to  leach in g  loss. F o r th e  e le m e n ta l su lp h u r  fe rtiliz e r  tha t 
c o n ta in s  h ig h  c o n c e n tra tio n  o f  70 to  100 w t%  su lp h u r  an d  g re a tly  p h y sica l 
ch a rac te ris tic . E le m e n t su lp h u r  m u st be b io lo g ic a lly  o x id iz e d  to  su lp h a te  b efo re  it 
can  be tak en  u p  by p lan t. R e lea se  o f  an  a v a ila b le  su lp h a te  fo rm  su lp h u r  p ills  d ep en d s 
on  2; p ro cess  1) p h y s ica l d isp e rs io n  o f  th e  p ill and  2 ) o x id a tio n  to  su lp h a te . T he 
b e n e fits  o f  e le m e n ta l su lp h u r  are  a co n tin u a l re le a s in g  o f  su lp h a te  d u rin g  th e  g row th  
sea so n  an d  m in im a l su lp h a te  leach in g  loses. H o w ev e r, th e  o x id a tio n  p ro c e ss  d ep en d s 
on  so il m o is tu re , te m p e ra tu re , b ac te ria  ac tiv ity , tim e , an d  p a rtic le  size . T h e  p a rtic le  
s ize  o f  su lp h u r  is th e  m o st im p o rtan t fac to r, e sp e c ia lly  th e  sm a ll p a rtic le  s izes are 
ea s ily  d isp e rse d  and  o x id iz e d . H o w ev e r fin e ly  d iv id e d  su lp h u r  is h a z a rd o u s  as it can  
fo rm  e x p lo s iv e  m ix tu re s  w ith  air. T o  avo id  ex p lo s io n s  lim ita tio n s  are  p laced  on the 
p ro p o rtio n  o f  f in e  p a r tic le s  p e rm itted  in  sc re e n e d  a g ric u ltu ra l su lp h u r  in ten d ed  for 
ae ria l a p p lic a tio n  (2 0 %  <  150 m ic ro n s  is th e  re c o m m e n d e d  m a x im u m ) (D uncan , 
1983). A c c o rd in g  to  th e  rea so n s  ab ove , S u lp h u r b e n to n ite  is th e  in te llig e n t ch o ice  for 
so lv in g  th e  o x id a tio n  ra te , sm all p a rtic le  s ize  an d  e x p lo s io n  fo r th e  ac tu a l uses.

6.3 Experimental

6.3.1 M a te ria ls
S u lp h u r  fe r til iz e rs  u sed  in  th is  e x p e rim e n t w ere  su lp h u r  b en to n ite  

(B IO , B 20 , B 3 0 ) an d  su lp h u r-P C H  (P C H 7 , P C H 1 0 , P C H 1 2 ). T h e  p rep a ra tio n  o f  
su lp h u r  b e n to n ite  an d  su lp h u r-P C H  w ere  m e n tio n e d  in p re v io u s  c h a p te r  5. 
H y d ro c h lo ric  a c id  (HC1) 37  w t%  and  ace tic  ac id  g rac ia i (C H 3C O O H ) w ere  su p p lied  
by C a rlo  E rb a .S o d iu m  H y d ro x id e  (N aO H ), A m m o n iu m  ace ta te  (C H 3C O O N H 4), 
B a riu m  c h lo r id e  (B a C l2 .2 Fl2 0 ) and  P o ta ss iu m  su lp h a te  (K 2S O 4) w e re  su p p lied  by 
A jax  F in e  C h e m .P o ta s s iu m  p h o sp h a te  (0 -5 2 -3 4 ) an d  u rea  (4 6 -0 -0 )  w e re  su p p lied  by 
V ik in g ,an d  a c tiv a te d  c a rb o n  w as su p p lied  by  F lu k a .
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6 .3 .2  S u lp h u r  C o n ten t
T h e  su lp h u r  co n ten t w as  d e te rm in e d  b y  lo ss  o n  ig n itio n .S u lp h u r 

b e n to n ite  fe r til iz e r  w a s  w e ig h t ap p ro x im a te ly  2 0 0  m g  o n  th e  k n o w n  w e ig h t c ru c ib le . 
T h e  sam p le  w a s  p la c e d  in to  T ru S p ec®  su lp h u r M o d u le  fu rn a c e  a t 1 3 5 0 ° c  fo r 5 
m in u te s , su lp h u r  w as c o m p le te ly  b u m  up. A fte r  th a t th e  c ru c ib le  w as  rem o v ed  from  
th e  o v en  an d  th e n  w as  co o led  at ro o m  te m p e ra tu re  fo r  1 0  m in u te s  o r  un til the 
te m p e ra tu re  o f  c ru c ib le  w as equa l to  th e  ro o m  te m p e ra tu re . T h e  sam p le  in the  
c ru c ib le  w a s  re w e ig h te d  ag a in . T h e  lo st w e ig h t w a s  th e  w e ig h t o f  su lp h u r.

6 .3 .3  D isp e rs io n  in  W ater
S m all c o la n d e r  o f  a p p ro x im a te ly  10 cm  d ia m e te r  and  7 cm  h e ig h t 

w e re  m ad e  fro m  s ta in le s s  s teel m esh  o f  ab o u t 1 m m  a p e rtu re . F o r p rill o f  each  
su lp h u r/b e n to n ite  ra tio  d isp e rs io n  te s ts  w ere  c a rr ie d  o u t s im u lta n e o u s ly  in 12 

c o lan d e rs  (3 re p lic a te s , 4  tim es  in te rv a l)  (B o sw e lle / a i ,  1988). O n e  g ram  o f  p rill w as 
w e ig h e d  in to  e a c h .o v e n  d ried  co lan d e r an d  the  ce lls  w e re  p laced  in  a  tra y  o f  w a te r  at 
2 5 ° c  at 2 m in u tes , in te rv a ls . A fte r  tim e  in te rv a l 1, th e  f irs t c o la n d e r  w as  rem o v ed  and  
th e  m a te ria l c a re fu lly  an d  q u ick ly  w a sh e d  w ith  1 0 0  m l o f  w a te r  to  flu sh  from  th e  
c o la n d e r th o se  p a r tic le s  d isp e rsed  to  d im e n s io n s  le ss  th an  1 m m . T h e  o th e r tw o  
re p lic a te s  fo r  th e  tim e  in te rv a l w ere  s im ila rly  re m o v e d  an d  r in se d  at 2  m in u tes  
in te rv a ls . A f te r  w a sh in g , th e  ce lls  and  th e  re ta in e d  p a r tic le s  w e re  o v e n -d rie d  fo r 5h at 
8 5 ° c  an d  re w e ig h e d . T h e  tim e  in te rv a ls  c h o sen  ra n g e d  w id e ly  fro m  2 m in u te s  u p  to  
35 m in u te s  d e p e n d in g  o n  th e  b en to n ite  co n ten t; b u t fo r  e a c h  m ix tu re  th e  fo u r tim es 
u se d  c o v e re d  a  w id e  d isp e rsa l range .

Figure 6.1 D isp e rs io n  te s t o f  su lp h u r b e n to n ite  in w ate r.
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6 .3 .4  P u r if ic a tio n  an d  pH  A d ju s tm e n t o f  S and
S a n d y -so il w a s  s iev ed  p a ss  1 m m  s iev es , a f te r  th a t it w as  w a sh e d  w ith  

d is tilled  w a te r  m a n y  tim e s  u n til so il p H  a p p ro x im a te ly  6.5 b y  n e u tra liz in g  so il u sing  
0.1 N  HC1 o r 0.1 N  N aO H . T h e  so il w as  d e te rm in e d  su lp h u r  c o n te n t in so il by  u sing  
T ru S p e c ® su lp h u rM o d u le  b e fo re  an d  a fte r  w a sh e d  w ith  d is tille d  w ate r. T rea ted  soil 
w as a ir-d rie d  fo r 5 d a y s  o r u n til it co m p le te ly  d ried .

6 .3 .5  O x id a tio n  o f  S u lp h u r F e rtiliz e rs
T h e  e q u iv a le n t o f  2 .5  kg  a ir-d ried  so il w as  w e ig h e d  and  p laced  in a  3- 

litre  b lack  p la s tic  b ag  w ith  d ra in a g e  h o les. T h e re  w e re  8  tre a tm e n ts  o f  su lp h u r 
fe rtilize r: (1 ) c o n tro l (no  su lp h u r) , (2 ) e lem en ta l su lp h u r, ( 3 - 5 )  su lp h u r  b en to n ite  10, 
20 , 30  w t%  o f  b e n to n ite  c o n te n t re sp e c tiv e ly , (6 - 8 ) su lp h u rH ’C H  7, 10, 12% w t o f  
P C H  co n te n t, re sp ec tiv e ly . T h e  q u a n titie s  o f  su lp h u r  fe r til iz e r  w e re  w e ig h te d  b ase  on 
500 m g  o f  su lp h u r  co n ten t. E ach  su lp h u r fe rtiliz e r  w as  p u t o n  th e  su rface  o f  so il, and 
each  p o t w as  w a te re d  2 5 0  m l p e r d ay  u n til d ay  45 . 2 0  g ra m s o f  so il sam p le  w as 
c o lle c ted  by  d ig g in g  d o w n  2  in ch es  d eep , a fte r  th a t so il sa m p le s  w ere  o v e n -d rie d  at 
6 0 ° c  fo r 24  h.

Figure 6.2 O x id a tio n  te s t o f  su lp h u r fe rtilize rs .
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T h e  w a te r  so lu b le  su lp h a te  in  so il w as  d e te rm in e d  b y  th e  e x tra c tio n  o f  
su lp h a te  fro m  so il (Joneses al., 1972). 10 g o f  o v e n -d rie d  w as  p u t in  an  e rle n m e y e r 
flask , th en  ad d  25 m l o f  ac id if ied  a m m o n iu m  a ce ta te  e x tra c ta n t (d is so lv e  39  g o f  
N H 4OAC in 1 L o f  0 .25  M  ace tic  a c id ) an d  sh a k e  b y  u s in g  re c ip ro c a tin g  sh a k e r at 
2 00  o sc illa tio n  p e r  m in u te  fo r 30  m in u tes . S am p le  w a s  ad d ed  0 .25  g o f  ac tiv a ted  
ch a rco a l and  sh a k e  fo r 3 m in u te s , a fte r  th a t sam p le  w a s  f ilte re d  p ass  th o u g h  a f ilte r 
p a p e r (W h a tm a n  N O T ). 10 m l o f  the  filtra te  fro m  th e  e x tra c tio n  p ro c e ss  w as p ip e tte  
in to  50 m l E rle n m e y e r  fla sk , ad d ed  1 m l o f  ac id  so lu tio n  ( 6  M  o f  HC1 ac id ). T he 
so lu tio n  w as sw irled , and  th en  add ed  0.5 g o f  B a C l2-2 H 2 0  c ry s ta l. W ith in  th e  tim e  
in te rv a l o f  3 to  8 m in u te s , th e  a b so rb a n c e  u s in g  uv sp e c tro p h o to m e te r  at a 
w av e le n g th  o f  4 2 0  nm  w as reco v ered . T h e  su lp h a te  c o n c e n tra tio n  o f  u n k n o w n  
so lu tio n  w as e s tim a te d  from  th e  su lp h a te  s ta n d a rd  cu rv e . T h e  c a lc u la tio n  b a sed  on  10 
g sam p le  o f  so il, 25 m l o f  e x tra c tin g  so lu tio n , an d  a  10 m l a liq u o t (S c h u lte  et a i ,  
1988).

m g  SC>4-S /k g  o f  soil =  { m g  S /L  X 0 .0 2 5  L ) / 0 .0 1 0  k g  so i l=  m g  .S/L  X 2.5

6 .3 .6  S o y b ean  P la n ta tio n
T h e  eq u iv a len t o f  2 .5  kg  a ir-d ried  so il w as  w e ig h e d  an d  p la c e d  in  a 3- 

litre  b lack  p la s tic  b ag  w ith  d ra in ag e  h o les. T h e re  w e re  9 tre a tm e n ts  o f  su lp h u r 
fe rtilize rs : (1 ) co n tro l (n o n  n u trien t) , (2 ) N P K  fe r tiliz e r  o n ly , (3 ) N P K  p lu s  
a m m o n iu m  su lp h a te , (4 -6 )  N P K  p lu s  su lp h u r  b e n to n ite  10, 20 , 30  w t%  o f  b en to n ite  
co n ten t, re sp e c tiv e ly , ( 7 - 9 )  N P K  p lu s  su lp h u r-P C H  7, 10, 12 w t%  o f  P C H  co n ten t, 
re sp ec tiv e ly . E a c h  tre a tm e n t w as  p lan ted  3 p o d s  p e r  tre a tm e n t. T h e  q u a n titie s  o f  
su lp h u r  fe r til iz e r  w ere  w e ig h te d  b ase  on  2 0 0  m g  o f  su lp h u r  c o n te n t, th e  su lp h u r 
fe rtiliz e r  w a s  p u t on  th e  so il su rface . E a c h  p o t e x c e p te d  c o n tro l tre a tm e n t (non  
n u trien t)  re c e iv e d  a N P K  fe rtiliz e r  d re ss in g  o f  2 4 0  m g  p o ta s s iu m  p h o sp h a te  
(KEI2P O 4) an d  162 m g  o f  u rea  ((N E B B C O ) (R iley , N .G .,e t  al., 2 0 0 0 ). A ll tre a tm en ts  
and  n u trien t q u a n titie s  are  lis ted  in T ab le  6 .1 .
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Table 6.1 T h e  so y b ean  p lan ted  trea tm en t

T rea tm en t S u lp h u r (g) U re a  (g )
K  3 P 0 4  < 8 >

N o n  n u trien t - - -

N P K - 0 .162 0 .2 4 0
N P K + (N H  ) s o 0 .300 0 .162 0 .2 4 0

N P K + B 1 0 0 .2 2 2 0 .162 0 .2 4 0
N P K + B 2 0 0 .250 0 .162 0 .2 4 0
N P K + B 3 0 0 .286 0 .162 0 .2 4 0

N P K + P C H 7 0.215 0 .162 0 .2 4 0
N P K + P C H 1 0 0 .2 2 2 0 .162 0 .2 4 0
N P K + P C H 1 2 0 .227 0 .162 0 .2 4 0

2.5 kg air-dried soil

1

3-liter Black plastic bag

162 m g  o f  u rea  
2 4 0  m g  o f  K H 2P O 4

2 0 0  m g  o f  S u lp h u r fe rtiliz e r

1

1

1

3 seed s  w e re  b u rie d  u n d e r 
so il su rfa c e  1 cm

W a te r  2 5 0  m l, d ay  1 -20  
4 5 0  m l, day  2 1 -6 0

60 days for plantation

Figure 6.3 D iag ram  o f  so y b ean  p lan ta tio n .
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E ach  p o d , 3 seed s  o f  so y b ean  w ere  b u ried  u n d e r  so il su rface  d ep th  1 cm . 
P o ts  w ere  a rran g ed  o rd e rly  on  b en ch es  u n d e r  n y lo n  n e t h o u se  w ith  co n tro lled  
e n v iro n m e n ta l co n d itio n s : d ay /n ig h t tim e , d a y /n ig h t te m p e ra tu re  o f  B a n g k o k  d u rin g  
D e c e m b e r 2 0 1 0  to  F e b ru a ry  2011 . T h e  p o ts  w ere  w a te red  w ith  w a te r  to  th e  soil 
su rface  to  a llo w  th e  fe r til iz e rs  to  p e rco la te  th o u g h  th e  so il. H e ig h t, a m o u n t o f  leaves, 
and  seed s  d a ta  w e re  co lle c te d  ev e ry  10 days. T h e  p lan ts  w e re  h a rv e s te d  at m a tu rity  
(60  d a y s  a fte r  p la n tin g )  by  rem o v in g  sand  and  w a sh in g  w ith  d e io n ise d  w a te r  un til 
ro o ts  c o m p le te ly  c lean . S o y b ean s  (sh o o t and  ro o t)  w ere  se p a ra te d  in to  leav es , stem , 
ro o t, an d  seeds. A ll so y b ean  p a r ts  w ere  o v en  d ried  at 8 0 ° c  fo r 72 h  to  rem o v e  
m o is tu re , a fte r  th a t each  d ried  p a rt w ere  w e ig h t an d  co lle c ted  d ry  w e ig h t data .

6 .3 .7  S u lp h u r  U p tak e  o f  S oy b ean
E ach  p a r t o f  so y b ean  in c lu d in g  o f  leav es , ro o t, s tem  and  seed s  w ere  

o v en  d ried  in o v en . A fte r  th a t th e  an a ly zed  sam p le s  w ere  cu t, p u lv e riz e d , an d  g round  
to  p a ss  a N o . 100 (1 5 0  m ic ro n ) s ieve , re sp ec tiv e ly . T h e  p re p a re d  sam p le s  w ere  
d e te rm in e d  su lp h u r  c o n te n t by  u s in g  T ru S p e c ®  su lp h u r M o d u le . T h e  su lp h u r  u p tak e  
o f  each  p a rt w as  c a lc u la te d  th e su lp h u r  co n ten t o f  each  p a r t an d  d r ie d  w eig h t.

6 .3 .8  C h a ra c te riz a tio n
U V /V IS  S p ec tro p h o to m e te r w as  re c o rd e d  on  a U V /v is  

sp e c tro p h o to m e te r  U V -1 8 0 0  (S h im ad zu ) sc a n n in g  in  p h o to m e tr ic  m o d e  at a 
w a v e le n g th  o f  4 2 0  n m  a t ro o m  tem p era tu re . E x p e rim e n ts  w ere  p e rfo rm e d  in  a  liqu id  
cu v e tte .

C H N S  A n a ly z e r w as  reco rd ed  on  T ru S p e c ®  su lp h u r  M o d u le  for 
d e te rm in a tio n  o f  su lp h u r  co n ten t in  m ate ria l. T h is  in s tru m e n t w as  o p e ra ted  at 
l ,3 5 0 ° c  an d  th e  h ig h  h e a t re s is tan t c ru c ib le  w as  req u ired .
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Figure 6.4 D ia g ra m  o f  se p a ra tio n  o f  so y b ean  in to  seed s, ro o t, le av es , an d  stem .

6.4 Results and Discussion

6.4.1 S u lp h u r  C o n te n t R esu lts
T h e  m e a su re d  su lfu r  c o n te n ts  w ere  c lo se  to  th e  n o m in a l co n ten ts  bu t 

all th e  m e a su re d  su lp h u r  co n te n t h ad  h ig h e r  v a lu e  th a n  s ta ted  su lp h u r  co n ten t 
b ecau se  th e  sm a ll a m o u n t o f  an a ly zed  sam p le  w as  u sed . S o , th e  m o is tu re  in  a ir and 
w e ig h in g  m ay  a ffe c t th e  m e a su re d  su lp h u r co n ten t.
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T a b l e  6 .2  S u lp h u r  c o n te n t o f  su lp h u r b e n to n ite  fe rtiliz e rs

sam p le S ta ted  c la y  co n ten t 
(พ t% )

M e a su re d  su lp h u r  
c o n te n t (w t% )

B IO 10 9 0 .7 4
B 20 20 81 .62
B 30 30 71 .95

P C H 7 7 9 3 .9 0
P C H  10 10 91 .63
P C H  12 12 88 .75

6 .4 .2  R a te  o f  D isp e rs io n  in  W a te r
T h e  d isp e rs io n  ra te  o f  su lp h u r  b e n to n ite  in  w a te r  in c re a se d  w h en  the 

b en to n ite  c o n te n t w as  in c re a se d  from  10 to  20  w t%  b e c a u se  o f  b e n to n ite  has good  
sw e llin g  p ro p e rty . O n  th e  o th e r  h an d , th e  d isp e rs io n  ra te  in w a te r  d e c re a sed  w h en  
b en to n ite  c o n te n t in c rea sed  from  20  to  30  w t%  b e c a u se  o f  th e  a d h e s io n  p ro p e rty  o f  
b en to n ite  c lay  (F ig u re  6 .5 ).

S u lp h u r-P C H  d id  no t sw ell in w a te r  a lth o u g h  it w a s  im m ersed  in 
w a te r s e v e ra l d ay s , it is s till in o rig in a l p rill fo rm  (F ig u re  6 .6  (b )). T h e  rea so n  o f  th is  
p ro b lem s w ere  th e  lo ss  o f  sw e llin g  p ro p e rty  o f  P C H , th e  s tru c tu re  o f  P C H  w as 
ch an g ed  fro m  th e  o rd e re d  s tru c tu re  o f  la y e r to  d iso rd e re d  s tru c tu re . A n o th e r  rea so n  is 
sh o w n  in S E M  m ic ro g ra p h s  o f  su lp h u r-P C H  (F ig u re  5 .7  (a )-(f)) , the  su lp h u r  m atrix  
g o in g  in s id e  p o re  an d  v o id  o f  P C H  an d  a n o th e r p o r tio n  re m a in  c o a te d  on  su rface  o f  
P C H . T h is  d e c re a se d  th e  o p p o rtu n ity  o f  th e  c o n ta c tin g  b e tw e e n  c la y  su rface  and
w ater.
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Figure 6.5 E ffe c t o f  b e n to n ite  co n ten t on  th e  ra te  o f  d isp e rs io n  o f  p rill in  w a te r  (%  
m ate ria l <  1 m m ).

Figure 6.6 Dispersion of Sulphur bentonite, BIO, B20, B30 and sulphur-PCH,
PCH7, PCH10. PCH12 in water, (a) after 1 h, (b) after 1 day.
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6 .4 .3  T h e  O x id a tio n  o f  S u lp h u r F e rtiliz e rs
A fte r  45  d ay s , th e  su lp h u r in cu b a ted  so ils  w e re  c o lle c te d  to  d e te rm in e  

th e  w a te r  so lu b le  su lp h a te  in  so il. T h e  re su lts  sh o w ed  th a t  th e  su lp h u r  b en to n ite  has 
s ig n if ic a n t e f fe c t o n  th e  o x id a tio n  o f  su lp h u r  to  su lp h a te  m o re  th a n  e lem en ta l 
su lp h u r, b e c a u se  su lp h u r  b e n to n ite  can  sw ell an d  re le a se  a  sm a ll p a rtic le  o f  su lphur. 
F ro m  m an y  s tu d ie s  o f  o x id a tio n  ra te  o f  su lp h u r  sh o w  th a t th e  rap id  o x id a tio n  w as 
a ffec ted  by  th e  sm a ll p a r tic le  o f  su lp h u r, so  th e  su lp h u r  b e n to n ite  B 2 0  w o u ld  be 
re le a s in g  a su ita b le  p a rtic le  s iz e .fo r  o x id a tio n . T h e  su lp h u r-P C H ’s p rills  d id  n o t sw ell 
and  re le a se  sm a ll p a rtic le  s ize  o f  su lp h u r, so  th e  o x id a tio n  o f  su lp h u r  to  su lp h a te  did 
n o t s ig n if ic a n tly  c h a n g e  w h e n  co m p ared  w ith  N o -su lp h u r  so il.

T a b l e  6 .2 T h e  w a te r  so lu b le  su lp h a te  in  su lp h u r in cu b a ted  so ils

T re a tm e n t
•E x trac ted  su lp h a te  

so lu tio n  c o n c e n tra tio n  
(p p m )

m g  S 0 4 -S /k g  o f  so il

S o il (N o  su lp h u r) 10 .210 2 5 .5 2 5
E le m e n ta l su lp h u r  (ร 0) 13.232 3 3 .0 8 0
S u lp h u r  b e n to n ite  ( B 10) 2 4 .4 1 7 6 1 .0 4 3
S u lp h u r  b e n to n ite  (B 2 0 ) 33 .606 8 4 .015
S u lp h u r  b e n to n ite  (B 3 0 ) 2 2 .3 6 9 5 5 .923
S u lp h u r-P C H  (P C H 7 ) 11 .004 2 7 .5 1 0
S u lp h u r-P C H  (P C H 1 0 ) 10.392 2 5 .9 8 0
S u lp h u r-P C H  (P C H 1 2 ) 10.425 2 6 .0 6 3

6 .4 .4  T h e  R e su lts  o f  S o il P lan ted  S o y b ean  P la n ta tio n
S o y b e a n  w h ic h  co n su m ed  N , P , K  n u tr ie n ts  h a s  n o rm a lly  g row n, 

g re e n ish  le av es , an d  s tro n g  stem . In the  o th e r  h an d , N o n  n u tr ie n t so y b e a n  show ed  
s tro n g ly  u n h e a lth y  sy m to m s , p a le  leav es, sc ru b b y  s tem , c o m p a rin g  w ith  N P K  
co n su m e d  so y b e a n . A c c o rd in g  to  th e  h e ig h t o f  so y b e a n s , su lp h u r  b e n to n ite  a ffec ted  
to  th e  g ro w th  o f  so y b e a n  s im ila r  to  a m m o n iu m  su lp h a te  fe rtiliz a tio n . B ased  on 
g ro w th  ra te , su lp h u r  b e n to n ite  B 20  a ffec ted  to  a  w e ll g ro w th  o f  in itia l in te rv a l b u t the 
fina l in te rv a l a m m o n iu m  su lp h a te  has m o re  s r to n g ly  a ffe c t to  th e  g ro w th  ra te  (F ig u re  
6 .8 ). C o n s id e r in g  th e  d ried  w e ig h t, so y b ean  w h ic h  c o n su m e d  N P K  b a se  had  a s im ila r 
w e ig h t. S o y b ean  w h ic h  c o n su m e d  su lp h u r b e n to n ite  h a s  a  s ig n if ic a n t a ffec t on  the
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w eig h t o f  ro o t, le av es , s tem , an d  seeds. A s  fo r su lp h u r-P C H  fe r tiliz a tio n  a lm o st d id  
n o t a ffec t to  e a c h  p a rt o f  so y b ean .

Figure 6 .7  T h e  o b se rv a tio n  o f  so y b ean  p la n ta tio n  (B 2 0 ).

Figure 6.8 E ffe c t o f  su lp h u r  fe rtiliz e rs  on  th e  g ro w in g  ra te  o f  so y b ean .
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Figure 6.9 E ffe c t o f  su lp h u r fe rtiliz e rs  on  the  d ried  w e ig h t o f  so y b ean .

6 .4 .5  S u lp h u r  u p tak e  re su lts
S u lp h u r  b en to n ite  B IO , B 2 0 , B 30  a ffe c te d  a  g o o d  re sp o n s ib ility  o f  

s tem  an d  leav es. S o y b e a n  co u ld  u p tak e  su lp h a te  fro m  su lp h u r  b e n to n ite  as  th e  sam e 
q u an tity  as  a m m o n iu m  su lp h a te  fe rtilize r. A s fo r th e  so y b e a n  w h ic h  u p ta k e  su lp h u r- 
P C H  h ad  lo w  u p ta k in g  q u an tity  o f  su lp h u r.
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Figure 6.10 E ffe c t o f  su lp h u r fe rtiliz e rs  on  th e  su lp h u r u p ta k e  o f  so y b ean .

6.5 Conclusions

A c c o rd in g  to  all ex p e rim en ts , su lp h u r b e n to n ite  fe r til iz e rs  sh o w e d  a h ig h e r 
p e rfo rm a n c e  th a n  su lp h u r-P C H  b ecau se  su lp h u r-P C H  re le a se d  a sm a ll am o u n t o f  
sm all p a rtic le  s iz e  o f  su lp h u r. E v en  th o u g h  th e  su lp h u r fe r til iz e r  d id  n o t strong ly  
a ffec t to  th e  g ro w th  o f  so y b ean  as N , P , K  d id , it can  be  u se d  as an  e ffe c tiv e  so u rce  to  
fu lly  im p ro v e  th e  a b u n d an ce  o f  s tem s, leav es, seed s, an d  ro o t o f  so y b ean . S oy b ean  
d id  n o t sh o w  th e  su lp h u r d e fic ien cy  sy m p to m  b e c a u se  th e  p la n te d  so il rem a in ed  
so m e  q u an tity  o f  su lp h u r  from  tap  w ater.
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