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producing acidity in the soil. Pierrie (1928) explored the 

effect of Co(NH2 ) 2 on the reaction of Norfolk sandy loam and 

Cecil clay loam concluding that Co(NH2 ) 2 produces acidity in 

the soil. Broadbent, et al (1958) added Co(NH 2 ) 2 at 200, 400, 800 

ppm to clay, loam and sandy loam soils concluding that Co(NH 2 ) 2 

in the beginning increase pH but later on produces acidity. 

It is interesting to note that pH values dropped to 6.7 

in the second week due to Ca(N03 ) 2 and later on again rose to 

7.3 and remained almost constant. ++ ca from Ca(N03 ) was 

presumably adsorbed on the exchange complex and H ions combined 

. ' with N03 to form HN03 which may be responsible for decrease in 

pH of soil. Rise in pH may be due to the leaching of HN03 in 

the soil. Hubbell and Stubblefield (1948) concluded that 

application of Ca(N03 ) 2 to Gila clay and Gila loam had no effect 

on pH values. 

pH values due to NaN03 treatment dropped to 7.2, 7.1 

and 7.1 after 1, 2 and 3 weeks respectively and later on again 

rose to 7.2 and remained constant. Na from NaN03 was probably 

adsorbed on the exchange complex and may exchange with H ions 

which decreased pH values. Here, too, rise in pH may be due 

to leaching of HN03 in the soil. In this case, the effect 

is less as compared with Ca(N03 ). This may be due to less 

adsorption of Na on exchange complex which depends upon: 

(i) Valency of the ion 

(ii) Size of the hydrated ion. 
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Leo, et al {1959) applied NaN03 to silt loam soil concluding 

that use of NaNo3 maintained a steady pH. 

Similarly, application of KN03 also reduced pH to 7.2, 

7.1, 7.1 and 7.0 after 1, 2, 3 and 4 weeks, respectively. K 

from KN03 was presumably adsorbed on the exchange complex and 

may exchange with H ions. These H ions are probably responsible 

for decrease in pH value. 

(3) Effect of Various Nitrogenous Fertilizers After Different 

Time Intervals on Soil Aggregation:-

The results of aggregate analysis expressed as degree 

of aggregation taking 0.25 mm. diameter as the lower size limit 

are presented in Table 6. Each figure corresponds to a par-

ticular treatment and time. The degree of aggregation of 

untreated sample~ corresponding to four time intervals are 

15.2%, 17.7%, 17.8% and 17.7%. These values indicate that 

' 
under conditions of alternate wetting and drying, changes take 

place in aggregation of soil even if it is otherwise left un-

treated. In this case aggregation takes place in the initial 

stages and the soil ultimately reaches a state which is more 

or less in equilibrium. Russell (1934) noted that drying tends 

to increase the inherent stability of aggregates by dehydration of 

aggregating cements. While Baver (1956) indicated that clay 

particles in most soils are surrounded by a film of water • . As 

dehydration takes place, these films become thinner and thinner 

until adjacent particles are held together by cohesive forces. 
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Table 6 showing percentage of water stable aggregates 

in various treatments at intervals of 1, 2, 3 and 4 weeks" 

Treatments 1 week 2 week 3 week -4 week 

(1) Control 15.2 17.7 17.8 17.7 

(2) (NH4 ) 2so4 17.2 21.1 21.2 21.0 

(3) Co (N2H2 ) 19.5 20.9 21.0 21.1 

(4) Ca{N03 ) 2 18.0 19.8 22.8 23.0 

(5) NaN03 15.1 14.4 14.4 14.5 

(6) KN03 15.2 15.8 16.0 17.0 

• Average values of duplicate determinations. 
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Therefore, dehydrated clay colloids, can exert a vigorous 

cementing action in soil aggregates. Harris, et al (1966) 

showed that the exact mechanisms involved in increased aggre­

gate stability with drying are not completely understood. 

Irreversible or slowly reversible dehydration of organic or 

inorganic colloidal substance is probably a major feature of 

this mechanism. 

The corresponding values of (NH 4 ) 2so4 and Co(NH 2 ) 2 

treated samples show that these fertilizers increase the 

percentage of aggregates up to the second week while later on 

the values become almost constant. This may be due to the 

fact that nitrifying bacteria are more active in the initial 

stages of the process of nitrification. Since most bacteria 

including nitrifying bacteria appear somewhat slimy and 

gelatinous (p. 25 ' ) so it may be deduced that bacteria in 

the soil may serve to bind soil particles together. 

Degree of aggregation of the soil treated with Ca(N03 ) 2 

constantly increased from 18.0% to 23.0% after 4 weeks interval. 

·Baver (1956) showed that adsorption of ca++ ion decreases the 

zeta potential (total extent of negative charges on the exchange 

complex) due to which there will be a tendency for attraction 

and the particles will coalesce as a result of a collision and 

settle out as a floccule. He further showed that, in general, 

the amount of electrolyte required to produce flocculation 

decreases as the valency of the added cation increases or as 
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stated in terms of Schulze's rule Cweiser,1938), the floccu­

lating power of ions increases with their valence. Gedroits 

(1955) suggested two distinct stages in soil aggregation. 

(a) Coagulation of soil colloids under the influence of calcium 

ions to form primary micro-aggregate .(b) Cementation of micro-

aggregates into macro-aggregates by highly dispersed organic 

substances. Alexander (1961) suggested that ca:+ ions in-

crease the activity of micro-organisms in the soil. Therefore, 

soil · aggregation may be due to the ' fact that ca++ adsorbed 

on the exchange complex has a flocculating effect or may be due 

to increased activity of micro-organisms in the soil. These 

results agree with Schachtschabel (1967) who pointed out that 

stability of aggregate depends mainly on the cementing power of 

divalent (ca++) ions on the exchange complex towards' organo-

matter particles. 

Further, an analysis of Table 6 reveals that NaN03 : 

decreased the percentage of water stable aggregates. Baver 

(1958) showed that efficiency of various monovalent cations 

lies in their ability to increase the negative potential of 

the clay particles. Since this effect increases with the 

hydration of the ion, thus it should be expected that the 

dispersive power of the common monovalent cation would vary 

as follows. 

Li > Na > K > NH4 . 

Therefore, Na+ from NaNo3 adsorbed on the exchange complex 

and disperse the soil particles thereby, decreasing the per-
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centage of water stable aggregates. 

The relevant data also shows that application of KN03 

constantly increased the percentage of water stable aggregates 

but rate of increase is much less as compared with Ca(N03 ) 2 . 

This may be due to the lesser ability of K+ to decrease the 

zeta potential of the clay particle • These results agree with 

Vlasyuk (1967) who said that K fertilizers increased aggrega-

tion in Chernozemic soils. 

Taking all treatments into consideration, it may be 

deduced that order of effectiveness of the treatments under 

study is Ca(N03 ) 2 , (NH4) 2so4 = Co(NH2 ) 2 , KN03 while NaN03 

has an opposite effect on percentage of water stable aggregates. 
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CHAPTER IV 

SUMMARY AND CONCLUSIONS 

Studies were made in the laboratory at first to com­

pare the effect of (NH4 }2so4 and Co(NH2 }2 on soil reaction 

and soil aggregation of Fox sandy loam, Lincoln loam and 

Lincoln clay loam and secondly to see the effect of different 

nitr~genous fertilizers after 1, 2, 3 and 4 weeks intervals 

on soil reaction and soil aggregation of Lincoln clay loam. 

In the first case (NH4}2so4 and Co(NH2 }2 were added 200 lbs 

N/acre and in the second case (NH4 }2so4 , Co(NH2 }2 , Ca(N03 }2 , 

NaN03 and KN03 at 80 lbs N/acre. Soil reaction and soil 

aggregation determinations were made at the end of ;experiment. 

The soil was kept alternately moist and dry to approximate 

local field conditions. Various conclusions are given below. 

(l} In the beginning, under conditions of alternate wetting 

and drying, changes took place in soil aggregation but 

afterwards aggregates become more or less stable. 

(2) {NH4 ) 2so4 and Co{NH2 }2 have no significant {5% level} 

effect on pH values of Fox sandy loam, Lincoln loam 

and Lincoln clay loam and both have an acidic effect 

on these soils. 

(3) (NH4 ) 2so4 and Co(NH2 }2 have significant (5% level) effect 

on soil aggregation of the various soils studied. 
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(4) There is no significant (5% level) difference between 

(NH4 ) 2so4 and Co(NH2 ) 2 on soil aggregation but both 

fertilizers gave significant results as compared with 

control. 

{5) Ca(N03 ) 2 and NaN03 decreased pH values but later on again 

rose and remained constant on Lincoln clay loam. 

(6) pH values decreased slightly with KN0 3 application on 

Lincoln clay loam. 

(7) Ca(N03 ) 2 and KN03 consistently increased soil aggregation 

of Lincoln clay loam but effect was more pronounced in 

Ca(N03 ) 2 . 

(8) NaNo3 decreased the percentage of water stable aggregates. 

Note:- For short duration crops (NH 4 ) 2so4 can be used while 

ca(N03 ) 2 is a good fertilizer for long duration 

crops. 
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~otal 

(1) 

(2) 

(3) 

(4) 
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Statistical analysis of pH values 

Total 

4.8 5.4 5.0 6.2 6.0 5.4 6.2 6.4 6.0 51.4 

F2 F Fl F F2 Fl Fl F F2 0 0 0 

5.0 5.6 5.4 5.5 6.3 6.5 6.4 5.9 5.9 52.5 

Fl F2 F Fl F F2 F F2 Fl 0 0 0 

5.5 5.2 5.4 5.9 5.5 6.4 6.2 5.8 6.1 52.0 

F Fl F2 F2 Fl F F2 Fl F 
0 0 0 

15.3 16.2 15.8 17.6 17.8 18.3 18.8 18.1 18.0 155. 9 
Grand 
Total 

Correction factor = 

Total sum of squares 

Replication s~n of 
squares 

Soil sum of squares 

(155. 9} 2 
= 900.17 

= 

27 

(4.8) 2 + (5. 4) 2 + (5. 0) 2 + (6.2) 2 + 

(6.0) 2 + (5.4) 2 + (6.2) 2 + (6.4) 2 + 

(6. 0) 2 + (5. 0) 2 + (5.6) 2 + (5. 4) 2 + 

(5. 5) 2 + (6.3) 2 + (6.5) 2 + (6.4) 2 + 

(5.9) 2 +(5.9) 2 + (5.5) 2 + (5.2) 2 + 

(5.4) 2 + (5.9) 2 + (5.5) 2 + (6.4) 2 + 

(6.2) 2 + (5.8) 2 + (6.1) 2 900.17 

906.19 - 9.00 17 = 6.02 

(15.4) 2+(52.5) 2+(52.0) 2 
= 9 - 900.17=0.07 

(47.3) 2+(54.9) 2+(53.7) 2 
= 9 - 900.17=3.71 



(5) Total sum of squares for 

SxR sub-table= (15.2) 2+(18.6) 2 

+ (17.6) 2 + (16.0) 2 + (18.2) 2 

+ (18. 3) 2 + (16 .1) 2 + (18 .1) 2 + 

(l7 • 3 >2 - 900.17 
3 

904.18 - 900.17 = 4.01 

Rl 

R2 

RJ 

Total 

Mean 
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15.2 18.6 117.6 

16.0 18.2 18.3 

16.1 18.1 17.8 

47.3 54.9 53.7 

5.2 6.1 5.9 

(6) Error (i) = Total SxR - soils sum of squares - replication 

4.01 3.71 0.07 = 

Sum of squares 

0.23 

(7) Fertilizer sum of s quares = 

(54.1) 2 + (49.5) 2 +. (52.3) 2 
9 - 900.17 = 1.20 

~ F sl s2 S3 Total Mean 

Fo 16.3 18.9 18.9 54.1 6.0 

Fl 15.2 17.9 16.4 49.5 5.5 

F2 15.8 18.1 18.4 52.3 5.8 

(8) Total sum of square of 

soils x fertilizers 

sub table = (16.3) 2 + (15.2) 2 + (15.8) 2 + (18.9) 2 

+ (17.9) 2 + (18.1) 2 + (18.9) 2 + (16.4) 2 

+ (18.4) 2 
3 - c.f. = 5.27 
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(9) Soil x fertilizer sum of squares= 5.27-3.71-1.20 = 0.36 

(10) Error(ii) = 6.02-0.07-3.71-0.23-1.20-0.36 = 0.45 



Total 

(1) 

F2 

8.5 

Fl 

9.9 

F 
0 

3.2 

21.6 

Statistic~l analysis of percentage water 
stable aggregates 

52 s3 .Total 

F Fl F F2 . Fl Fl F F2 0 0 0 103.00 
3.0 10.5 4.1 13.8 15.3 20.9 7.6 19.3 

F2 F Fl F F F F2 Fl 0 0 2 0 101.7 
9.1 2.5 15.9 4.5 13.4 7.0 18.9 20.5 

Fl F2 F2 Fl F . F2 Fl F 
0 0 

10.8 8.2 14.2 15.1 3.9 19.9 20.0 6.9 102.2 

22.9 21.2 34.2 33.4 32.6 47.8 46.5 46.7 306.9 

Correction factor 
. (306} 2 

= 27 = 3488.43 
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Grand 
Total 

(2) Total sum of squares= (8.5) 2 + (3.0) 2 + (10.5) 2 + (4.1) 2 + 

(13.8) 2 + (15.3) 2 + (20.9) 2 + (7.6) 2 + (19.3) 2 + 

(19.3) 2 + (9.9) 2 + (9.1) 2 + (2.5) 2 + (15.9) 2 + (4.5) 2 + 

(13.4) 2 + (7.0) 2 + (18.9) 2 + (20.5) 2 + (3.2) 2 + (10.8) 2 + 

(8.2) 2 + (14.2) 2 + (15.1) 2 + (3.9) 2 + (19.9) 2 + (20.0) 2 + 

(6.9) 2 - 3488.33 

4448.65-3488.33 = 960.22 

(3) Replication sum of squares = 

(103 .• 00) 2 + (101.7) 2 + (102.2) 2 
9 - 3488.43 = 0.09 

(4) Soils sum of squares = 

( 65 . 7) 2 + ( 10 0 . 2) 2 + (141 . 0) 2 
9 - 3488.43 = 315.74 



(5) Total sum of squares for SxR sub table = 

(22.0) 2 + (33.2) 2 + (47.8) 2 + (21.5) 2 

+ (33.8) 2 + (46.4) 2 + (22.2) 2 + (33.2) 2 + 

(4 6. 8) 2 
3 - 3488.43 = 316.25 

R 
. 1 

R2 

R3 

Total 

Mean 
- . 

(6) Error(i) = 316.25 - 315.74 - 0.09 = 0.42 

~ sl 
s 

s2 s3 

F 8.7 12.5 21.5 
0 

Fl 31.2 46.3 61.4 

F2 25.8 41.4 58.1 
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22.0 33.2 

21.5 33.8 

22.2 33.2 

65.7 100.2 

7 .3 . 11.1 

Total Mean 

42.7 4.7 

138.9 15.4 

125.3 13.9 

Fertilizer sum of squares = (42.7) 2 + (138.9) 2 + (125.3) 2 
9 

- 3488.43 = 602.30 

(8) Total sum of squares for soils x fertilizers 

sub table = (8.7) 2 + (12. 5) 2 + (21.5} 2 + (31.2) 2 

(46.3) 2 + (61.4) 2 + (2 5. 8) 2 + (41. 4} 2 

+ 
. (58 .1) 2 

- c.f. = 957.06 3 

47.8 

46.4 

46.8 

141.0 

15.6 

= 



(9) Soils x fertilizers sum of squares = 

957.06 - 602.30 - 315.74 = 39.02 

50 

(10) Error (ii) 960.22 - 0.09 - 315.74 - 0.42 - 602 . 30 - 39.0i = 

960.22 - 957.57 = 2.65 

McMASTER UNIVERSITY LltlkAtd. 
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