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§ ag C OF STUDYING BACE i
“ By J. E. GrEAVES, Professor z% e
fﬂﬂ _

Sie0

MIL VERSUS THE SOL

ION METHOD AS A MEANS
ACTIVITIES IN SOIL!

1ology and Biochemistry, and H. €, PrLLEY,
Insirucior and Assistant in B teriology, Deparlment of Bacteriology and Physi-
ological Chemisiry, L:;&r‘a Agricultural Experiment Station 3

AL INTRODUCTION

The bi _%a,l decomposition of proteinaceous materials as it ocours
in ication and nitrification in the soil is a dynamic process.
d 1s not only a constant production of ammonia and of nitric

acid and both products are bei
teins. In addition to thes

nthesized into the bacterial pro-
sformations there are constantly
ther poorly understood side reactions. It
ese processes, as they oceur in the soil,

going on in the soil man
is therefore evident t;

{ Qf"&c but the ammonia is contmu%l}y being transformed into nitrie
|
a9

are reactions w asy reach equilibrum but which never go to com-
pletion. The bacteriological methods as used to-day merely measure
the accumulation of ammonia or of nitric seid present at a specilic
moment, It therefore seemed important to dgtermine when this
me ent should be made in order to obtain the greatest accurmu-
%‘ I products and at what period the greatest differences are
fest. between various soils. ‘The natura? processes occurring in
1e s0il were studied both in soil and in solution and the results
compared.

COMPOSI F SOILS USED

The work was cond &on four different soils: The college farm
soil obtained just e the plant industry building on the eampus g
Corinne soil; B soil; and Richland Acres soil,

The physieal analyses of these soils, as determined by the Yoder ®
elutriato  given in Table 1.

‘@ﬁ Tantm L.—Physical composition of suils used in the lests

Constituent g e ’ Corinne | Benson | Bichlund

| Fer cemt | Per pent | Per éent | Per cont

e = 86.8 17.5 42 A 1.8
_______ B T T 26
<l ass| ws| o 2.0

z a0 15,9 5.8 5.1

- 2.5 A8 2.3 0.2

= a.5 T4 61l a4

Pl ity B 54 5.9

%&e college farm soil is a highly productive caleareous sandy loam,
Slow in organic carbon and nitrogen hut otherwise well supplied with
the essential elements of plant food. The Benson soil js a sandy

! Recaived for publication Apr, 18, 1031; isenad Deegiber, 1951 Contribution from the Department of
Bagteclology, Utab Agriculturs] Experimpnt Station,
MQJQME lﬁ&sﬂistanue in the aualzngcal work was rendered by Frof, €, T, Hirst, J. Dudley CGreavee, gnd
u E. Nalson, 3

IY0DEE, P. A, ANEW Cﬂstmrtcﬂ@]ﬁlﬂ'ul“b& Utul Agr, Expt. Sta, Bul. 89, 47 p., flus. 1004,
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-,f.
il
Val. %%‘\2‘1
loam containing more clay that the college farm soil and gggcie\nt

alkali earbonates to render it barren. The Co and Richland
Acres soils are fine sandy loams, the Corinne soi aining suflicient
chlorides and the Richlund Acres soil suffici ulphates to render
them barren except to a few salt-toler ants. Portions of the
college farm soils that had received he’ following treatments were
also used: 0 (&

2 per cent sodium chlorides) &° Gaﬁé

2 per cent sodium su

2 per cent sodium wnate.

1 per cent sodinm ehloride plus 1 per cent sodium sulphate.

1 per cent sodium chloride plus 1 per cent sodi onate.

1 per cent godium sulphate plus 1 per cent sodi onate.

3¢ per vent each sodium ehloride, sadium sul yand sodium earbonate.

Consequently there were used in um k (1) the three native
alkali suﬁs: (2) the native produe il: (3) the native productive
soil containing salts in the propo s listed above, and (4) ea 3@
the preceding =oils after they had been leached with water &
major portions of the soluble salts had been removed. :
efore the bacte cal analyses were made the hydrogen-ion

.

. -
| éﬁ &are was an appreciable va
et

(¢
"

concentration of each soil was determined b}*ﬁ@ quinhydrone ;
method. The average pH values {or the vmoué @ are given below: |
B0il and treatment _ ﬁ’{" |
College farm: Q; : vH g
LRI L i o i i el e e o 86 ﬂ
Leashed _ - RS, S e L R 85 T,F‘%:
2percent NaCl____________ SRR L e SR e 87 ;.3"3—""
2 per cent NaCl, leached el oo é‘ ;
2 per cent NayB0,_ . o AW L L aiieaaaaas
2 per cent NagB0,, leadhed _ i .0
TR T T Pt IR S RS e S 10. 3
2 per cent NayCOp, Jeached . _________ .. _.___ @@--- 9.5
1 per cent each of NaCl, NagSO,_ .. _____ 5 e .. 83
1 per cent each of NaCl, Nay50,, leached .. 8. 4 |
1 per cent each of Nn;C’D,, b | ] EpS e 8.9 |
1 per cent each of Na,COy, NaCl, leached 50 *
1 per cent each of NusS0s, Na,COu __. 9.4
1 per cent each of NagS0y, Na,CO,, Jeaehed. . . - oo 9.5
24 per cent each of NaCl, Na,50,, 88 ﬁ
%4 per cent each of NuCl, Na,80,, ] 8.9 0
IR e e e el 2 L R s 8. s & |
=R v g3 4G " ¢
Riechland aeres__________ %;%— ______________________________________ o
Leached ____..... ’@.-______________.-.._____________;_’ ......
Bnann:l S o mniliaino © }____________________-__._____ ____________ L1
T TS SR SR e ol RS e e T S Y LT

The pII value of the native productive soil was 8.6. This was
slightly reduced by leaching. The addition of chloride or car-
bonate of sodium to the soil increased the pH hereas the addi-
tion of sodium sulphate decreased it. Th ing of the soil which

contained the single salts decreased the pH, whereas the leaching of
the soil containing a .combinataow salts usually incressed the pH. %

The pH of the Clorinne zoil w ' very different from that of
normal productive soil, nor changed by leaching. The Ric
Acres soil had a highe _ﬂ inity, which was further increased by
leaching. The Bens né had an alkalinity approximately equal to
the productive soil 2%) which had been added 2 pesgent of sodium
carbonate. Thiz was greatly reduced by leachin@ s apparent that

w0

P

AN

i

O

8¢

Nu:l. ﬁw 90‘7

Study of Bacterial Activities in Soil

& T R A A

; n the pH values of the different

soils, depending upon the alt that they contained.

TasLe 2.—Replaceable bases, -;.sasd as milligram eguivalenls per 100 gm. of
soil, i%@lu used for tests when differenily ol

: A F Y
\ L} Potse- | Tt et
.. ¥ 2 Mag- . atas- t
. i "f;-@ oil and trestmeet Caleinm | L | Sedidm At NH; ra-
4 2 | guired
[ 4 ) = | TR
'y |
2.7 45 &7 04 10.4
HEv g; ZL8 &l . & . 1L 6
NaCl added, leached___ 5 P | 4 iz -6 n i
NSy added, leached . - 26.2 AR 1k -6 1L
NmsC 0Oz added, leached....mveeeeoveaaas 9.8 27 87 =) 52
NatH, Nags Oy added, lasch A a0 e 8T alid 4
NagE 0y, NupCO; added, leached 18.7 24| T .4 55
Nagss, NaCl, NagCly adde 5.4 3.4 | 15 .8 9.6
Corinne, leached. ______ A | i g1 O fi 59 Lo 56
Hichland 4oras ]ear‘hnrl% Holie IO e 3] 16.2 5 ™8 B 1. 2
Beneniis IAohed s o Mo s e T 17.4 23. 6 4.2 1.6 | 55

the data shown in Table 2 one may gain an idea of the re-
y bases in the various soils. The replaceable bages in the
, ed =oils were in all cases lower than in the nonleached soils.
The leaching had carried from the =oils appreciable guantifies of
sodium, potassium, calcium, and magnesium.* Yet the leached nor-
mal soil had a more active mictoflora and was more productive than
the normal nonleached =0il 34 "The =oil to which sodium carbonate had
been added and whiuhé? terwards bean leached had lost eonsider-
able of its replacea aleium, magnesium, and potassium. The
native alkali s@éwcre lower in caleium but higher in the other
repia,ceableaﬁs than was the native fertile soil. It is cvident,
therelo t these soils varied preatly—chemically, physically,
gically. The differences in their bacterial activities and
Inctivity were readily messured by the ordinary means®

%@& AMMONIFICATION IN SOLUTION

Preliminary studies were made on the rate of ammonia accumula-
tion in solution. ThiH wis done by seeding 1-gm. portions of each of
the soils into 104 o. portions of peptone solution. These were
incubated a 28° to 30° C. Aliquot portions of the solution were
removed diilyinder aseptic conditions in order not to contaminate
the remainder of the media. The ammonia was determined in this
5@@ and the quantity calculated in the original medium. The
,34 age results for the various soils lor 11-day periods are given in
@‘:‘% able 3. ; ;

Only small quantities of ammonia aceumulated in the media during
the first 24 hours, yet there was an appreciable variation, depending
upon the specific soil used. Tsually al the end of 24 hours there were
preater aceumulations of ammonia where the leached soil was used
than where the unleacheqﬁg.pils were used. The mere leaching of the
normal soil produced gsurable variation in ammonia accumulation
at first but not at. ¢l of 24 hours.

q; Gli.g;wn, I. I, Hmear, O, T., and LUND, Y. THE LEACHING OF ALEALT soms. 2oil Belence, 16: 407
i, 1924,
v b anmavesid,

S

1;‘ ';E(I lng‘:g?mltl AND THE PRODUCTIVITY OF LEACHED AND NONLEACHED ALEALT 800,
271-302. 1927
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Tavie 3—Milligrams of ammonia fogng in peplone affer perjous gneubation ‘
periods

£ .

[The medis hed been inoculated with soil eomtsining va

Soil and treatment 1 @
1day Edaysmﬁ's._ ¥3|5dars|ddays|T days (8 daysipd
MR o) g d ks b i &% 6.5 | B0 | G20 | 598 | 524 | 6.4 470
Wormal, leached._ 2008 | 250 | 206 | 0.5 D06 | 8.7 | 5.9 | & 4. 5
Al __. G.5 | U008 | we6 | 25.6 | 50.8 | BAE | 5T.4 | S56| A 5.2
NaCl, leac 8.5 | 9.7 | 220 | 516 | 0.8 | BLG | 66.1) 508 | BB B5.%
Nag80s A7 | 184|250 |52 580 | BEE a0.0 | 53,7 57,8
M58y, learhad Jd 2.5 | 191|229 | 346|485 | 5RO 82| 483 A 5
NRCOs -l J L1 (2.7 (164 | 20.2]40.2 1!852| 500 & ﬁ\
MNag(10g leached. J 21 37| 250|372 |64 |7 | 6LE | 50.0 57.2
NaCl, Nas30 . o5 184 278 |8T0 5 L0 | B34 B2 BLT 5.2
NaCl, Nagsi,, leache Ah 46 IL6 | AL 5R.6 | BE.T | BR.U | SB 2.5 *
NaCl, NazCOy_ ___ 2.0 1 162 | 18 WMo, 5 | 2.6 | 70,1 | BTG | 55.7 46, 8
Nalll, Nug0: 4.9 | 2.8 | o0, 2| 605|578 | 63,4 | 682 | 63.0 48
Ny, NorGOa L4 | 7.6 L35 5| 6L8 620 | 60.7 | S48 BT :
NaaBOy, Na:C0s, leached. 4.3 L6 2.H | 85,2 | 340 | 5B.1 | 68,0 | BLY
NoCly, NagiiCh, {r eI L6 27,0 | 508 (60.0 | 541 | 5.9 | B5.0 2 |
Nalil, Nug= Oy, C Oy, Jerched. | 0.6 269 55.6 | 620 | 52.7 | 5L6 407 43,8 ;o
T sy o606 | 264 0.9 | 54| 404 | 506 | 470 452
Coriane, leached 250 | 27.2 BT.R 6AY | 00,7 | 8.0 ] 55.0 48,5
B4.G | 306 852 SR3| 54 A | B0.3 4.5
3.9 | 30.9 | 66.5 580 8.3 HL 5
of| 146 | AE 363 i | 387 @82
lado| e | BLE B4 ﬁ 2| 40.7 @2
! Al

Considerably more ammonia had .-&?u]a.ted by the end of the \t@
second day. However, the vari o&g' the different soils was in the g,@
same order, differing only i gnitude. The accumulations of ¢y
amrnonia during the thi fourth days were not as rapid as [ Pl
the second day. Th(& of production reached its height bety
the fourth and fifth days. After this period there was
down of the reaction. In a few cases there was an
ammonia during the latter part of the incubati
variation due to different soils was in the same order during the first 14
seven days. Beyond this period the res;lt& approach a constant.

L&l

The widest variation in ammonia acc tion ine the various soils [
is found when the delerminations between the lourth and dﬁ‘i

seventh days. The accumulati ammonia was greater on the

seventh day than on the fourth. “Other than the greater ncemmula- c@ 4
tion of ammonia, nothingigto be gained by taking the longer incuba- :
tion period. In each.i t ation period is manifested the influenc L]
trentment; henee, ang of the early periods may be used in = I
ammonifieation provided determinations made only wit ame .
ineubation period are compared. It is certain that the onifying ;

ferments are not destroyed in soils by as much as 2_per cent of alkah
even after long periods, as when the soluble salts are removed or
diluted the ferments become active, ﬁ

ae
NITRIFICATION IN SOLUTION : .

Al
A study similar to that re &ﬁ;@bove was made {)f the nitrifyi g@e’
8 g

powers of the same soils. shnig was the same 'for the a
ification series except 1. 1 per cent of sodium mitrite was u

the substrate to be pifwificd. The average results for the sulphate-
carrying soils are gi ﬂ? .

in Table 4.
, oGP

Q&& S, -

. ¢

Nov. 15, Wg\}t%@ Study of Baeterial Aetivities in Soil 909

%ﬁﬂ!.—ﬂi!!@mma of mitric nilrogen fo%n nitrite media after various incuba-
¢ t1en

{The media had been inoonlated with sof

w Milligrams of nitrie nitrogen: prodoced in—

l;&s(}dim sulphates alone and in combination with
t3]

Soil end trwtwg“ ] [ [ S
ﬂ 1 day 2days 3 dass ddays s days(idays § davs S4avs 900rS) guns | duye | days
l o |

i ok ) oo RS A O R L] B Seli
1,5! 1.nl e G O T R O I A R TR B b T R
Ll 20 22| L7| 87| 84 33| A6 20| 37| 49| EE
A0, |- L s P as s e a4 80| 200 28} ian]| 43
g M| LEB| 25| 44 GB R e 0 T e o T L
Cl, A Bl L6 24 5| 43| $.2| LB| 1B BI| 5 2.2
! 2| L8| 72 220 39} 38| 30| 20| 29| 45| &K
NasC0s, Nag8O4 .. noonoe| 1.1 La| 3 28| asl as| 21| 28] 25| 44| B4
Nus( O, NuaB0s, leached..| 1.1 19 4| 21| zof 63| BD| 48] &5| 9.5( 205
NaCl, NS0, Nagl:0 1.0 16| 81 Ay se| aF[. 28] 3.4] %0 1386

NaCl, NSy, N
od .. _w - gl LE| 20| 24 ea| 2y | 28| az| L8] BE

Milligrems of gitrie uitrogen produced in—

| 2d 14 156 16 17 18 | k] o0 2. | 9 ki
daye [ days |deys | days | days | «days  days days | daye | days | doys
| |
coeticten oot 1RO 2608 | BT | 410 | B0D |84, 0 | BLO G50 1000 1040 | 1140
18,1 | 233 (om0l 418 | 5.0 [FLO | BOE 925 |1060  1S.0| 99.0
J 48] Ré| WE 817|510 &0 VRO 855 B0 TEO| G950
10.0 | 160 | 17, 0 48.0 | 8.0 B0 1000 | W70 | 20| BE.O
&0 27 t - 3.2| 7.4 18L0 60.0| SLO| §5.0| OR0
14,5 | 180 37.5 | 42.5 | B4.5 | B0 | SO0 | BR5 8.0 | BBD
16,5 | o 5 7 5.0 | 625 | BLO | BRO | 108.0 | BLS | 66O | 850
3.3 5| B13{72.0 |70 80| 1020| wE| E20| R0
alll, Waghiy, Nagly_ i 8 o 0 | 102,00 | Ba. 0 | 98,5 | 20 | 940 | 428 3.0 o
WaCl, NuaB0y NaaC Qs | .
= R 19, 30,!)| 68.0 [ 78,0 | 9B & | 060 | AR.0 | 1.5 | 8.0 | 9AQ
| I |

ulation of nitrates during the first 11 days was extremely
or'which there was an ncceieration of the reaction.  The rate
of the reaction varied widely, depending upon the soil. Where the
inoculation had been made with soil containing the three salts, the
maximum accumulation of mitric nitrogen was reached between the
fifteenth and sixteenth days. After this period there was a decrense
in the nitrate content of this solution. This may have heen due more
to its transformati to protein nitrogen than to a slowing down of
the reaction. rresponding leached soll reached its maximum
between the wnth and twentieth days. During the first 18 days
the soil containing sodium ehloride and sodium sulphate eaused little
lation of nitrates, but during the succeeding few days the gains
.= great as in the other soilz.  If one were attempting to measure
simum aceumulation of nitrie nitrogen, the incubation period
should be taken as 21 days, or even longer; whereas, if one wishes
to measure the relative speed of nitric nitrogen aecumulation and
hence the nitrilying efliciency of the various alkali soils it is better to
use an imcubation period of 15 days.

Two per cent of sodium sulphate in this soil was sufficient to retard
the activity but not to oy the nitrifying ferments, for when con-
ditri?{ns were mad iate the nitrifying ferments commenced to
work. :

The average results for the chloride-carrying soils are given in

Table_ 5
o
ooF
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e o
TaeLe 5 —Milligrams of nitric mé;ggen found in mir:ts media afler aua e

tion periods
\&ﬁm in enmbination with

[Thoe media had been innculated with soll maodified hy addln; chl
other salts d
‘:J.t 9 =
Milligrama meﬁ: rogen prodoced in—

Muov. 15, 1 \g‘g

GQLE 6.— Milligrams of nitric niﬂrogsnﬁiﬂd in nitrite media after various incu-
i !

ods
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de
e!ﬂ [The media had been fnosculated with 5

by adding carbonates alope and in combination with
other salts]

‘1\10 Mmin.rams of ammonis produced in—

.

Bofl and treatment | ﬁﬁ | [ :

1day zdayald 5 dayals days|7 days Sduys 0days 40 3-_-'

SR i) ! . | il

Woewintl St o B S 0 ("1Le| 15| 22| aa| 27| 28/ 25 Q L9 a9

0| 22| L7 | &7 3.4| 85| 8.8| 23 W57 4.9 a8

Cuz| z7| vo| %8| ae| 5| Ra| 23( 27| so] 8@

i Le| 24| Zo| zZe| 43| & 19| 22| wE| z2

8| el 2| 21| 2| %8| 3 29 58| 45| B

N a0 0y 1.3 L8 24( 18 24 8.8 % 2.8 LY | 22| 26 L5

NG, NasOOy, isached 8 L] 24| x3| BT 59| 42 A7|1%0| sa2

E*"g%' NaaSO¢ NaGOr2 10 12| 26| L8| 31 54| 48| 26 34| 0| 138
E Naggdy o i

1BACHBA. s rinenanianas| L1{ 14| 23] 48 (uou 64| 31| 28 3zl 3| &

{\Munmm ot aitic aitrogen produced tn— _ Pu\

Zoll and treatment ‘w
e | 15 | 16 [ 17 | 18 | 19| 20| uW 28
rs|ﬂarﬁ days | days | days | days | days daye | days | days
i | 2
[ \‘,'

Hiphed Pl RINEIRDINT A 120 | 2%6 | 35.7 | 4.0 50084 @ 95.0 | 100.0 | 1040 | 1140
Norma), leached . 16,1 | 2.3 | 201 | 4.5 | 8.0 L6 | 0% 5 | 106.0 | W0%0 | 980
NaCl, ltashed_ 121 2005 | 2.8 [ 408 B0 03,5 | G0 0.0 S0 BE.D
NaCl, N804 . %0, 27| 23| me P77 (300|500 | s10| mo 9o
Na.CI.I\uaaSl’!i, 148 18093 | & BALG | A0 nu.n| 875 | wio ! aso
NaCl, Nagl 0. g il %4 T4 51| 81| 6.4li01! ol oo 010
NaCl, Nay(iiy, lenchad. 45,8 | 555 | 7T, o0 960 | 965 | om0 | 9e0| BEo 950 §
NaCl, Nogh0y, NagCOy _____ . 34.5 500 A02.5 | 85,0 [ 9806 020 [ 60| 5| B0 80 (\
NaOl, Nag0,,  Na(Os, : l n@o
leaoed...,_......__....._-_il'ﬂU 68.0 75,0 | 965 | 06.0 | 830 9L5| ot OA'B_

1‘!

Little nitric nitrogen accumulated during the first l‘qﬁ
golutions contained apprommately the same quan After th.ls
eriod there was a wide variation and in moest ca apid accumu-
ation. By the sixteenth day the leached sodium carbonate-sodium
chloride soil had aceumulated 110 parts per million of nitrie nitrogen,
whereas the corresponding unleae had aceumulated only 3
arts per million. It was not - twentieth day that this soil-
inoculated medium eommenced 0 accumiilate mueh nitrie nitrogen,
but by the twenty-ninth day the accumulation was ahout as great as e
in the other soils. 1 ident also in this series that the sho elA
incubation period of i
the influence of solitble salts on nitrification by -the soluti
The average results for the carbonate-treated soﬂ.\&
Table 6. i

0 _
9"\." 2 1 “1\0

o Mdhﬂg ! i Lo | u |
:dar 2damdmmarmaas=isua:m Tdays|d days(9days
: !da}'s days | doys
cég ___________________ vs| 1o el ns| a2 33| 27| 28| 25 27| eo| ao
ormal, L1| 20| 22| 17| 37 34| 33 3.8 z.s| 5.7 40| =8
(A LE| 2.5 8.6) S.4kuu1i a4l 25] 8.6] 2ol 22l 28] 80
g Gt o 13 Zo) Zollzs 30| xA| ¥a| Za| 47| 6| 22
@ NoaCOp_ooonas Lad L6 8 24 38| £0| 23| 19| 22| 28| 23
Syl P3| 3.7 43| 3.4| 30) 2| &7 150 242
GO, N8tBO4--Coeaoaes 1 o 1| 2ol as| g4 801 28| &5 dLe| a4
Wagll(ly, NS0 1.1 Reo| 24| 21 a@| sz| sol €0 a8 05| 08
NaCl, Nm(:o..’fimsm Ll T2E| Lé| 31 LT| 54| 48 M| 3.4| 7.0| 138
NaCl, NaOOy NasOs, :
______________‘ : 28 15 2.3 24| 64| 31 2.8| 32| &8 8.5
| Milligrams of ammania produred in—
i traatment
: {18 [ae -8 ] 16 B 1| oo | ;m| @]
G | duys | daye | days | days | days | days | days | days | days | deys |dsya
Q 3 12,0 25.5 | 33.7 | 4.0 50.0 | 340 | 840 950 100.0 | 1040 | 1i4.0
D181 2808 (261 | 418 53.0 | L0 | 8.5 | 925 | 106.0( 108.0 | B9.0
Q : 2.0( 321 12| 27| 28| &8| 20| 60| 74| B0
t 47,5 | W& .0 | 9.6 | 050 | 04.5 | 100.0| 60| oLo| o84
Naal 51| 2 29| 51| 81| 54| 11| 58.0| %0.0| 610
Natll, Nagt: 03, ieachod (4185 "0 [ 110.0| 820 | 830 | 805 | #20| e40| #5.0| PAGQ
NarCOs, NoaS0t._...o...... 16,5 27| £3.0| 625 81,0850 103.0| 955 950 950
Na 005, NeaBOy, lrachad 21 '3 (345 | &5 720 | 700 | 8.0 20| 96.5| suo| oee
NaCl, NagCOr, Noa804._..__ B0.0 | 40.0 | 1025 | 85.0 | UB.5 | 920 940 | 625| 98.0) 630
MNall, Naglid) N
leachod . 180|221 |30.0| 63.0|76.0 965|960/ 950 91.5| 9L0| 06.0

s containing small quantifies of sodium carbonate accumu-
ic nitrogen more rapidly than the other soils, but when large
antities of the carbonates are present there is great retardation of

%a the process. The slowest nitrification of the whole series was by the
\3\- zoil containing 2 per cent sodium- carbonate, whereas the highest
f! aceumulation was by the same soil after leaching. In this series also
the maximum an oceurred on the fifteenth dey, and by the

twentby-first d varintion due to the diferent salt-treated soils
was sheht, exceptlon of the soil containing 2 per cent sodium
carbona.te n the twenty-first day it had accumulated only 5 parts

011 c-f nitric nitrogen; by the end of the thirty-sixth dav
were 28 parta per million, thus indieating that the nitrifyi
ents are not destroyed by 2 per cent sodium carbonate in soil.
“9 The average resulis oblained [rom a study of the three native
c@ alkali soils, leached and nonleached, are given in Table 7.
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Tasre 7.—Milligrams of nitric nilrogen found in nitrie media aﬂe-.r@riam Inpn- P C AMMONIFICATION IN Sﬂ; VERSUS IN SOLUTION
bairon periods AL gl ; T 5 )
i O* The ammonifying pﬂwc%@ various soils were determined hoth

by the soil and the solution’ methods. The technic for the solution
method was the sggw as that previously given. The incubation

[The medla bad been inosulaiad with varions g;laj

Milligrams af f@{ﬁtmsﬂn produced in—

e 2 :

reriod was seve The substrate to be ammonified was peptone.
¢ tests in @ re made by mixing 2 gm. of dried blood with 100

Soil and treatment

1day 2daysfida duys tdays Tda}'ﬁlﬂﬂaﬂluuays dl?'s 1L = ; om, of s ;{g tumblers, makmg the moisture up to 18 per cent,
R et Y Bl e S PR s G % coveri th Petri dishes #nd incubating for seven days at 28° to
Corlnne ‘23| 41 be | ok 3084, The ammonia was then determined in the regular way.
it i R @g 4010 *Eﬂ‘ average results for both the solution and the =zoil methods are
Rirhland Acres, issched. | 23| 24/ 0| «7| aa| w3 ALY given in Figure I,
e Te 28 & Rl 21| 28] 21| %2 r O The native productive soi s # highly caleareous loam which
sl - Sl A *ﬁﬁ : ’ became more productive on leaching. The addition of soluble salts
| _\aiuig-agﬁi%cmmgm produced in— 4 to it had rendered it n, The three native alkali soils were
feid i o barren. The leac the soils rendered a few productive, and in
Zoil and trestment 1 g - T [ | g i
i [ o e 18 19 a0 21 20
; _di%ﬁ daye da}‘s_duyu-dny&; days |l
1.8 28| 29 o4 -
148 | 87.0 | 45.5 LA
31,3 | 40.5 | &7 5 i O
37,8 | 85 | BT.O Q0. 1
21|81 24 a1.0
2.0 | 88 dod a3 0

During the first 12 days little nj %tmgen accumulated in any \
of the media. However, a rapid, aeeumulation oceurred between the @% |
twelfth and eighteenth daysim the Richland Acres s0ils, leached and Q@
nonleached, and in the ¢ leached soil, The Corinne lea@ d

soil mccumulated smalllguantities of nitric nitrogen during the frst
18 days, but by the'énd of the twenty-ninth day the w@ha into
which it had been inoculated was carrying about ss‘inuch nitric

nitrogen as did the other media. The Benson hed and non- :

leached soil caused slight accumulation of nitrie nit ogen the first 18 3 e i £

days, but by the thirtv-sixth day the accumulation was ns great as . «d : TeeATaTENT

with the other soils. In the native al ils the serontest variation *&"ﬁ*‘“ Figure L—M{llgrams of ammonia found in soil and in Hyuid medis invenlated with the same sofls

of nitric nitrogen in the =olution: @ ed later than the fifteenth A i

dﬂ-%'- § . 1,@@ some cases the leached soils produced larger crops of erimson clover
't is evident from the results o L than the native Ikali soil. The increase usually occurred where

i all the soils that the greatest varin- 4 » &
tion In accumulation tric nitrogen in the solutions inoculated éﬁ

@ ! sulphur to soil Tow in sulphur® There is a close correlation

( d {‘ between the productivity of the soils and their ammonifying powers,

with the various soils approaches a constant. If one us W orter i asured hy the soil-tumbler method, If the ammonia aceumu-

incubation periods, it is evident that there is a wide v;\% ion in the | 93 in the soil are compared with those in the solution, a direet

nifric nitrogen accuniulation in liquid media. T;ﬁ varies with the orrelation is found in only three cases; these are leached soils, The

C ; ] the sulphates en added and was due in part to the addition of
with the various soilsjeetrs between the 15 and 18 days. By
thirty-sixth day thesquantity of nitric nitrogen in the medi

specific soil which has been used as the ino It is further @@ soluble salts depress in the soil; where diluted, however, as in the solu-
evident that soluble salts stimulate or ret & tion, they often stimulate. After the salts have been leached from
by this method, the extent depending uj the soil and the soil inoculated into the solution the concentration of

cation as measured e
specific galt, its com-

bination with other salts, and its concentration. Even large quan- @%'5 the salt is usually too low to stimulate. The Corinne soil, leached
tities of the soluble salts mav o gn goils over lo yeriods witho @ and nonleached, is nonproductive. The nenleached soil produces
destroying the nitrifying fer lﬁ The salts inhibit their aﬂ little ammonia in t , whereas in the solution there is a large
and when diluted the &ct&%fﬁ‘%}m nitrifying {erments is manifest. accumulation, I ‘hing increases the aceumulation both in the
ﬁﬁ ; goil and in the solution. One might conclude from the resulte obtained
E" j! %& I S GreavEsy). B and GQanunes, W, 15 SULFUE A LIMITING FACTOR OF CROP PRODUCTION 1N SOME UTAH

& Bos? S@. 27: 4405457, Tllue, 1929,

| @. | Q@P’

el PP,




914

Jowrnal rgf Agricultural Research Vol %@@l
5 S0

on this soil by the soil-tumbler method that the a,mmamfymﬁrgamqms
are absent, which is certainly erroneous, as is seen %aﬂ examination
of the results obtained by the solution meth: 'onsequently, it
may be concluded that where one desires t an insight into the
relative productivity of a soil the soil-t method is greatly to be

preferred to the solution method fo he soil. If one desires to |\

determine the presence or n.hnnnf [ am_momfvmg ferments the
solution method is to be pregﬁﬁ o the soil-tumbler method?‘i

WITRIFICAJ%@% SOIL VERSUS IN SOLUT
I'mmed on all the

as that deseribed
the nu]mtratﬂ to be
tion periods in the solu-

ol
5-;, E%‘E

Nitrification hoth'in soil and in solution \'.‘as
soils previously deseribed.  The technic “ ast
under ammonification chept that m
nitrified was sodium nitrite and Lhe
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Fu:vee 2—NWilligrams of nitrie nitrogen ﬁou\ﬁ; 11 gud Liguld media inccolated with the e Fa A4
soil. Theincubation peclods were 123 and®1 daxs for the zolntlons wud 21 duys for the soil _{’ 'i’ae? 1
1 ")

tions were 15 and 21
21 days was used.
in Higure 2. Q

The dctcrmlnntlons made mm soil, with four exeey . yielded
greater accumulations ol nitrie 1utmgm1 in the leached than in the
nonleached soil, the exceptions heing v&hcre carbonate was

present. The carbonate left the leached soj acl physical con-
dition, the soil strueture having been h

%‘Qﬁwhercus in the soil an incubation pclmﬁrﬁﬁﬁw
T

averagze results for soil and mlu tlion a 1

0“11 There was in

many cases an appreciable stimulation nitrification due to the ’ﬁ
soluble salts. From these results. one micht erroneously conclud §P§’u
that sodium @aﬁmed the nitrifiying ferm

_carbonate had
Mowever, their activities wége only. inhibited by the solublgsalts
present, as i3 seen fromm.f esults obtained in solution. Hence, in
dilute solutions t-he; ofte

B(

en acl as hhmul nts. The stimulation may
be real or apparent (1) The sults may ac elerat,a éum ities of the

o®

we Y,

. in three cases; in the solution i 13
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would be produced more
his may occur where the dried
t not where sodium nitrite was
used.  (2) They may depr tmﬁcatmn or the transformation of
the nitrates into protein nitrogen. Inasmuch as tests of these proe-
esses indicate th y are accelerated and not retarded by weak

idly for the uge of the nitrifer
blood 1s the substrate decom

4" )
%ﬁfers consequently, amm OE

concentrataons e soluble salts it is not probable that the
aceum a.trl e to this factor, (3) They may stimulate more
mpld n um This last possibility appears to be the correct
mt n of the data. The aceumulstion of nitric nitrogen n

&c utwn durmg 21 days, with three exceptions, is greater in the
" leached than in the nonleached soils. e‘&In the soil there is a stimulation
ase,
on all except two of the solutions
the leached soils showed & gain in nitrie
ched soils. The spread between the various
goils is more pronewheéd on the fifteenth day than it is on the twenty-
(Jonsequen% it may be concluded from the study of nitri-
fication in alkali soils that where the solution method is used and the
subqtra is sodium nitrite an incubation period of 15 days should be
(lar these conditions, results comparable to those obtained
with dried blood ag the substrate and an ineubation period of
ays are obtained. However, if one is testing for the presence ol
t.he nitrifving ferments, it is better to use the solution method with an
incubation period of 21 days; othérwise, one may conclude that the
alkalies in some instances estroyed the mitrifying ferments.
It is evident from the results’obtained with an incubation period of
21 days that the nitrifying ferments will tolerate over long periods as
much as 2 per ¢ l&@o sodium chloride, sodium sulphate, or sodium
carbonate in

On the fifteonth day of
which had been seeded w
nitrogen over the non

EN FIXATION IN SOLUTION VERSUS IN SOIL

wzétmgen-ﬁm powers of the soil were determined in both soil

and solution. In soﬁ the determinations were made by adding 2 per

cent mannite to soil in tumblers. The moisture was held at approx-

imately 20 per cent. The cultures were incubated at 28° to 30° C.
for 21 days and the nitrogen determined.

In &Ulutlon the determinations were made by seeding 1-gm. portions
of the various soil % 100 ¢. e. portions of Ashby solution containing
2 per cent These culfures were incubated for 21 days and
the nitroge mined.

The average results for soils and solutions are given in Figure 3.

@‘e iz little correlation between the results obtamed in solution

;}gj ose obtained in soil.  In solution the native leached soil and the
dium-sulphate leached soils gained more nitrogen than did the native
soil. All soils showed slight gains in nitrogen, thus demonstrating
the presence of nitrogen-fixing organisms. With few exceplions the
leached soils gained lareer quantities ol nitrogen than did the non-
leached soils.  In most cases the fixation was greater in the soil than
in the solution; hen-;e, q,should be used m comparing nitrogen
fixation as measure t.wo methods. Many of the salts stimu-
late fixation in a;nd in a few eases, as for instanes in the
Benson soil, the galn is e\'tra.ordmarv this property has been repeat-
edly observ ed in & study of this seil, "The Richland Acres soil makes

ooP
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no gains in nitrogen when incubated directly, but Whenﬁmula.ted
into Ashby solution gains appreciable quantities {{ éitrogen.

SUMMARY

An extensive bacteriological study was “&0}1 soils varying wideil]};
in }&h}’s‘mal, chemieal, and biolog ﬁpert-ies. One of the sol
used was a highly productive cal us loam, This was employed
in its native condition and also e
by the addition of three
tions of twos and thrass. " Still other samples of the
variously treated soils’xrere leached and then used in the experimental
work., With these artificially prepared soils sed three native
alkali soils, both leached and unleached. T rogen-ion conee-
tration of the different soils varied fro 8.0 to 10.3; the re-
placeable bases—calcium, magnesium, *ﬁm,

-

wfter it had been made unpro
oth singly and in different

L8
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F1oURE 3.—Mligrams of nitrogen fixed in soil and in ¥l inogulaced with the same soils.
The incubation per 21 dey3

widely in the different soils a-ncgﬂ a lesser extent in the variously
treated soils.

When the soils wer lated into peptons solution the productia
of ammonia varied with the specific soils and the incubation pofic
It was slow, then rapid, followed by s slowing down of the pr
and a decrease in ammonia, probably due to ifs transfotfnat
protein nitrogen. The ammonia sceumulation vuried, depending
upon the specific 2oil, its treatment, and the in i
would appear that an incubation period of
may be used; however, results obtained th similar incubation
periods are comparable.

The greatest accumulation of nirie nitrogen oceurred between the g@,ﬁ .

nineteenth and twenty-first d t the greatest variation in ni
nitrogen accumula.t,inw n the fifteenth day. Conseq v,

if one wishes to obtain aximum secumulation of nitrie nitrogen
in solutions an incub period of 21 days should be used, but if one
¥ .
ke a e,

and potassium —varied .
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mﬁsoﬂs an incubation period
By using an incubation peri 5 days ons gets a [air correlation

between solution and soil

k=

learn the telative rate of nitric nitrogen accumulation in
ﬁn days should be used.

. One may at times conclude from’

results obtained that soluble salts in concentrations of 2 per cent

destroy the nitrifying ferments, a conclusion that is shown to be

erroneous whe ults obtained in solutions are examined. The
ammonifyi ifying, and nitrogen-fixing ferments withstand 2 per -
?EW sulfate, sodium carbonate, or sodium chloride in soil
or eriods.

ﬁe solu

ils studied showed gains in nitrogen, both by the soil and by
tion methods. However, L}z gains were usually greater when
the determinations were made

they were made by the solutio

goil-tumbler method than when
thod.
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