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Contributions of the Mechanical Fractions of the Soil
and its Organic. Matter towards Potash fixation®

by

 A. N. PATHAK,
(Sml Miambmlugmt Eabour. Eﬂmr

Intruductmn J\Perhaps the first use of the world ﬁxatmn
was in reference to nitrogen, following the famous discovery: of
He]ir:enre] and Willfarth. Tixalion was later on applied  to
1mmnb1hzﬂtiﬂn of phospliorus by soil. Now the importance of
potash-fixation on the lines of nitrogen and phosphate-fixation has
beer fully. &ppremated and investigated. Accordingly the plhienomenon
of chaah-ﬁxatmu was studied on our soils.

Historical : Studies rela.tmg to potash-fixation by soils have
been made by Rauey and Hoover (1947), Walsh and Cullinan (1945),
Attoe (1947), Ayres (1941) Hauser (1941), Martin (1946), Volk (1938),
Jacob (1940), Page (1944), and Joffe and Levine (1947). But little
work has been done to determine those fractions of the soil that are
more active in potash-fixation. '

Pathak, Shrikhande- and Mulkerji (1850) studied the potash-
fixing “capacity of the different mechanical fractions of the soil and
its organic matter. They observed that potash-fixation was exhibited
by all the three mechanical fractions of the soil and also that organic
matter. depressed potash-fixation. - Gourley and Wander (1919),
Sturgis and Moore (1939), Walker and Sturgis (1940) and Worsham
and Sturgis (1942) have also pointed out from field experiments that -
organic matter exerts a depressive "effect on potash-fixation.
Worsham and Sturgis (1942) obseryed that potash-fixation in soil
varied from 0'0 to 209 ppm. in Portland silt loam and Sharkey clay
loam, Gnmpuusﬂn of potash fixed in A and B  horizons of all the
soila showed an increase of fixation in the B horizon, The addition of
organic matter decreased the fixation of potash by 6 to 41 ppm.
Jaffe and Kolodny (1937) bave recorded that the quantily of potash
fixed varied from 031 to 2'4 mg. and that organic matter is not
capable of fixing potash. Martin (1940), working with arid soils,
could mot attribute fixation to the presence of organic matter and
Joffe and Levine (1947) also found ihat the addition c:-f organic
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matter depressed fixation. Thoy also observed that when pbhinﬂsii:h‘::
ncetate was added 17'7 mg. potash was fixed as compared to 137 mg,

with potassium chloride, Similar differences in ‘the amount  of
potagh fixed with different potash-salts have been recorded by
DeTurk, Wood and Bray (1943). They studied potash fixation in
corn belt soils and observed that the addition of potash as phosphate
resulted in greater fixation than addition of equivalent. amounts.as
chloride. The amount of potash fixed as phosphate was 11 to
9 times greater Lhan the amount of potash fixed as chloride.  Sturgis
and Moore (1039) studied potash-fixation in Louisiana soils and

reported little fixation of potash when applied as potassium- chloride.
Raney and Hoover’s (1947) results on potash-fixation with potassium
chloride and dipotassium phosphate also indicate differences in putash-
fixation . with different potash salts,

Some of the above observations, particularly the effect of
organic matter on the potash fixing capacity of the different mechanical
fractions of the soil were investigated here with’ potassium chloride
and dipotassium phosphate.

Plan of Investigations: Composite samples of soil were taken
from different locations in an acre of the manured and unmanured
plots from the Kanpur Agricultural College Students’ Farm. = Six
randomised placess were located for profile digging, Samples
were collected separately from the manured and unmanured
plots from 0-6“, 6"~1" and 1'-2' from each of the six profiles. = After
thorough mixing the various mechanical fractions of the soils were
isolated and kept for analysis.

The soils and their mechanical fractions were shaken for 6 hours
in an end-on shaker with pntash-anlutmn containing 50 mg. K,0
per ml. of solution. Ratio of -soil to solution was adjusted to 1:10.
After shaking they were filtered and 5 1111 of the clear filtrates
were then used for the estimation of potash,

y Methods of analysis: 1. Mechanical analyses: Pretreatment
and dispersion were affected according to the recommendations of the
International Society of Soil Seience (Wright 1939) followed by
pipette sampling for silt and clay fractions. 3. Potash ‘was esti-
mated volumetrically by the cobaltinitrite method (Wright 1939).

Experimental Results: Mechanical cpomposition of the soil is
recorded in table 1 and potash fixing capacily in table 2
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TABLE 1
Mechanical composition of the soil
Manured " Unmanured
0—6" f"—1! 11 —2 0—8" G —1% 1'—2
Gl&y‘ - ) T . 13°35 21'45 20-33 13°84 20017 20003
Silt - e . 20710 2190 2123 2154 22-50 22-88
Soand ‘e s G600 5560 47-90 63-84 66-15 4875
TABLE 2
Putnsh-hx:ng capacity of the various fractions as K 'l'l in mgm.
o~ Manured Inmanured
- 0—6" 67" —1' 1-—2' - Mean 0—g" " —1! 1 —2' Mean
Clay . 463 7°56 870 6°00 5:20 7:20 802 716
Silt &89 473 717 G-80 10-70 3:00 504 B:56
Sand 0-26 022 0+30 G626 037 0-31 0:31 0-33

The data in table 2 indicate that potash fixing capacity is not
reermt-ed to the clay fraction alone; on the contrary, the surface sil6
fraction of plot has shown greater potash fixing capacity than the
surface clay fraction. Potash fixing capacity of clay for the manured
plot varies from 4'6 to 8'8 mg%. Silt fraction has a large potash
fixing capacity and is on the average 6'89 mg % for the silt of the
manured soil and 656 mg % for unmanured soil. Potash fixing
eapacity of sand, howavm was found to be very small in both
manured and unmanured soils. When these different fractions are
compared amongst themselves for potash fixation from both the soils
it will be noticed that the clay, silt and sand of the unmanured soil
has greater potash fixing capacity,

Trom the mechanical analysis in table 1 and the corresponding
potash fixing capacity in table 2 the contribution from the wvarious
fractions, deviod of organic matter, has been calculated. These
calculated values along swith the potash fixing capacity of the original
and H,0, treated soil are shown in table 3.

TABLE 3

Caleculated putash fixing capacity of the soil and ﬂm contribution of
different fractions free of organic matter in mg. %

0—B" €°—11 1'—8 00" g%t 1!

A. TUntireatod sail R 2'1'1 1 _ﬂﬁ“ 3428 2-806 ) {ﬂ'i' 2:848
B. Boil after oxidation of
0. M. with Hnﬂy ; 2001 220 3520 2003 . 2-057 3078
C. Clay o618 1622 2697 0-752 1467 2376
Silt : 1-762 . 1-045  1+522 2305 0-831 1154
Sand a-170 041437 0142 0238 0°17d  0°I61
Talpl) from pr:mnr}" purbicles 225500 2:901  4-241 J9%s 2-534 G-681

D. K-fizing eapacity of soil if .
- elay is the only active fraction OGI8  1.022  2-577 o-T32 1467 DAS6
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It is interesting 1o mnole from the data in fable 3 that
the potash-fixing copacity as found by aclual analysis . (B) . is
lower than the sum of the calculated potash-fixing capacity of the

different fractions (C). This difference between the two walues
" though small, is still gignificant; {his may be due to the interaection
between the different minerals wpresent in the sand. silt and clav
Jattice,

Potash-fixing capacity of the surface layer of the unfreated
and H,,0, treated soil of the unmavured plot is greater than that of
the manured one. This may be due to the inhibitive action of
organic matter on potash-fixation as indicated before. By comparing
the figures in. table 3 for the untreated soil (A) and 1.0, treated
soil (B), the depression due to organic matter on potash-fixation is
more clearly brought out.  All the values for (B) are greater than the
" corresponding values for (A).

The decrease in potash-fixing capacity due to organic matter
is expreaded as the difference between the potash-fixed hafme and
after H,0, treatment of the soil. For the manured’ plot the value
lies between —0'39 to —0'82 mg % and for the unmanured plot
between —0°23 to —0'65 mg %. This agrees with the observations
of Worsham and Sturgis (1942) who obscrved an adverse effect of,
organic matter on potash fixation by 6 to 4'1 p.p.m. 1. e. 0'5 to.4'1 mg %.

When allowance is made for the potash-fixing napa_city of sand,
gilt and clay in the potash-fixing capacity of the untreated soil, a
value is obtained which is expressed in table 4 as the' potash-fixing
capacity caleulated from primary particles (¥). Neglecting the
potash-fixing ecapacities of silt.and sand and assuming that fixation
occurs only in clay the value obtained is expressed as p'nta-sh;ﬁxixlg
capacily of the organic matter (Z). If the entire potash-fixing
capacity were due to clay alone, the potash-fixing cap.a,-::-ity of organie
matter should have been positive, but apparently this is not the case
as is seen from tables 4 and 5,

TABLE 4

Decrease in potash-fixing capacity due to organic matler in
mpgm per 100 gm soil

. MManured . Unmanured
0—6" 6°—1' 1'—2' 0—6" 6°—1" 11 —2
Org. carbon in soil 0-448 0224 0194 0261 0213 0-182
* Org. watter in soil’ 0771 0-385- ° (334 0432 0-366 0313
.4 A—D —{820 —0-878  —0384 —0G57T —0-420 —0-230
Y A—C —127 —1'132 —0-813 =009 —0879 —{-533
Z

A—C 0653 0:040 0+851 1-674 0-1%50 0-472
* (orgonic carbon X '1'72 = Organic matter) '
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The values denoted by X and Y in table 4 are greater for the
manured plot than for the unmanured. This indicates some
relationship betiween the organic matter content and depression in
the potash-fixing capacity. When items X; Y and Z in table 4 are
expressed on'100 gm. organic matter as in table 5, a clearer picture
of the deureusﬁ in the potash-fixine canacitv due to oreanie carbon is
obtained. '

TABLE 5
Pu'l:n?h-fixing capacity in mgm per 100 gm of organic matter

Manured 'U'nmanurﬂd I
0—6" 6% —1/ 1/ —2f .0—6" 6" — 1/ —2

T

Boil ‘after J.:[,‘.Il:li_3 treatmont —106  —1&0 -——]_11 —182 —116 —T4
If clay is the only active fraction 85 10 255 364 46 151
* From px'_iuml_"y‘ particlos —166 —205 —243 224 —240 1260

The values’ re:mrded i'm:‘ H,0, treated soil and those derived
i‘mm the sum of the primary particles are negative ranging Lelween
—74 to —150 mg®%. These values do not conform to the figures for -
potash-fixing capacity of organio matter after removal of the organic
matter by H,0, oxidation and after assuming clay to be the sole
detive agent, It is only after allowing for the contribution for
pdtashﬁxatiﬁn by sand, silt and clay also, that we obtain figures (shown
as from primary particles in tﬁble 5) which appear more correct,

When the potash-fixing eapamty of the untreated soil was
studied with the same concentration of potash as di-potassium
phosphate as in the previous experiment, it gave a different result,
Tabie-6 gives the result of potash-fixation by di-potassium phosphate.
Similar figures for potassium chloride treatment are included for
comparison,

TABLE 6

‘Effect of anion on potash-fixing capacity of soil in mgmY,

Manuraed Unmanurad
0—6" 6" —1f ' —=2" 0—06" 6"—1 1'—=2'

Kl v _ ' . 1:271  1'062 3+428 2300 1637 2845
KEHPQ‘ T e 1-834 2405 4865- 3654 2307 4053

The data in table 6 indicate that a larger part of the potash
was fixed when added as phosphate than when it was added as
chloride as observed by De Turk, Wook and Bray (1943), Sturgis and
Moore (1939) and Raney and Hoover (1947) who obtained 1% to 2
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limes greater fixntion of potash when applied as daipotassium
rlmsplm.tﬂ than when applied as potlassium chloride. This bas. beenl
attributed to the Jinkage of plhosphate-ion with some of potash-ion
to the colloidal particles, besides its absorption by the replacemont
of OH ion of the clay colloid. Jlence the association of potash-ion
in di-potassium phosphato resulted in increasing the amount of
potagh fixed by nearly 1% times as compared to chloride,

Discussion: The earlier concepts of soil activity were for the
most part, based upon analyses of, or experiments with, the rwhule
soil. It was only clay, besides organic matier, which has long been
considered to take part in the fertility of soil, The coarser silt--and
gand fraclions were considered untiil recently as almost inert, But
the potash-fixing capacity of the coarser particles of the soil,
particularly silt, and mechanical analysis which shows on an average
20-60% of silt and sand in the soil respectively, suggest that silt and
fine sand ' fractions can now no longer be ignored in EﬁEEEEmg the
Lotal activity of soils,

: TFrom the practical and economic point of view, the question

naturally arises as to what is the value of potash that has been fixed
in 1hie soil. Tixation interferes with the immediate utilization of
potash fertilizers by crops. Not all of the potash applied to the soil
is ordinarily taken up by the first crop, and fization; therefore,
decreases the loss of wunused potash in drainage water. This
protection against leaching following large potash-application, is a
certainty. Application of heavy doses of potash results in the
building up of the colloid held potash reserve which is a reservior
from which supplies of available potash for crop production are
derived year by year. According to-Seatz and Winters (1943) the
exchangeable potash ‘remains in equilibrium -with potassic soil
“minerals and that when the degree of potash saturation of ‘the
colloids is altered by manuring and cropping, it tends to be fixed and
released respectively.

Summary: Potash-fixing capacity of the soil, original and H,0,
treated, and its mechanical fraclions was ftested. 1t was found out
that all the three mechanical fractions showed potash fixation. The
gilt fraction showed a higher potash fixing capacity which was as
high as that of clay. On the surface greater activity was shown by
the unmanured plot than the manured one. Potash fixing capacity of
H,0, treaied soil was higher than the untreated soil. It was also
observed that the soil showed greater potash fixation when it was

applied as potassium chloride.
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