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ABSTRACT

NH‘HCO3 is the widely used nitrogenous fertilizer
in our country. It is suitable for various kinds of
anils, It has no detrimentsal acid ions. It has been
proved effective in raising the crop yield.

However, NH4HCOa has it3 inherent shortcomings: low
nitrogen content, easy to decompose and volatize, high
wvater content and easy caking tendency.

These cause a lot of difficulties in prcduction,
transport, storage and application.

In recent years, various measures have been taken
by our nanufacturcrs to improve the quality of NH4H003.

Cortain chemical additives are effectual for on-
larging the crystal size, lowering the water content,
d¢ 2reasing the decomposition loss and even preventing
the caking of NH.4HCO3 fertilizer,

Pressed pellet-form of N34H003 exhibits fine proper-
ties appropriate for mechanical and deep dressing.

Hot-air-dried NH4HCO3 enhances its chemical sta-
bility.
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All these modifications improve the product proper-
ties to a certain ecxtent.

Extensive work done by many institutes of agri-
cultural science on the evaluation of NH48003 as a
nitrogenous fertilizer has shown that its effective-
ness is about the same as that of other nitrogenous
fertilizers in the case of deep dressing.

Therefore it is justified to produce NH4HCO3 for
local consunption ir. small-size plants,

1. IH:::QQEQ tion H

The amnmonium bicarbonate fertilizer is fit for pro-
longed use in various soils without the risk cf hardon-
ing the latter. Crops may toke upboth ammonia and
carbon dioxide from anmonium bicarbonate fertilizer
sizmultaneously without leaving harmful substances in
the soil. 1If appropriate application techniques, such
8 Jecp placenent, are used, its cffectiveness can
equal that of aumoniun sulfate of oequivalent nitrogen
content, But on account of its low nitrogen content,
packayring and transportation per ton of nitrogen arc
norc cxpensive., Besides, its additional properties of
high noisturc contcnt, easy deconposition and streong
carking tendency nake it inconvenient for application.

To bring the effectivoness of annoniun bicarbonate
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into full play, it is necessary to improve its physi-
cal properiies, 8o that convenient use and less loss
are ensured., Taking these characteristics of bicarbo-
nate into consideration, deep dressing is required in
order to maximize the utilization of 1its nitrogen nu-
trient.

1. ZXaysicoczhendcol characteristics of sunoniun .
Ricarhonate: !

1) Deconpoaltion reaction of annoniun bicorbonate:

The pure acuonium bicarbonatc may decompose at the
atmospheric pressure and anbient temperature according
to the following cquation:

NH,HCO5 = NHg (g) + €0, (g) + K,0 (g)

The partial pressure of each component in equili-
briuw at 25°C ean be calculated thernodynanically. The
sun of partial pressure of NH3, 002, H20 anounts to
0.054 atnm., which is in grod agreencnt with observed va-
lues (experiaental valuc at 25.4°C 59 mu Hgz.).

2) ZIhe vapor pressure of apmoniun bicarhouate:

Anncnium bicarbonate is characterized by a vapor
pressure rising with increasing %4emperature and water
contcent, The vapor pressure observed in experinents is
1listed below (Tab., 1 end 2),
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3) ¥elzat loss rate of armoniun bicarbonate in
air;

The weight loss rate of amnmonium bicarbonate was -
measured at 3.°C and a relative humidity of 69%(Tab.3).

The decomposition of anmonium bicarbonate in air
depends on temperature, air humidity and mcisture in
sanple, In case of relatively low aribient teaperature
and moderate air hunidity, the NH4HCO3 exposed to air
undergoes a rapid loss in weight at the initial stage
duc to decouposit¢fon and hrying. The rate at which the
weight 1s lost slovs down graduslly as the sauple be-
cones dried. At higher air humidity and ambient tenp..
amnoniun bicarbonate forus afilm of saturated solution
ty absorbing moisture fron air. The decomposition of
amraionium bicarbonate is acecelerated, because of the par-
tial pressure of NH3 over the saturatced solution being
greater than that of soild ammoniun bicarbonate. Evo-
lution of ammonia and carbon dioxide is accompanied
with bulldup of watcr. Conscquently, such a vicious
circle leads to a couplete deliquescence of ammoniun
bicearbonate crystals, Hence, the prinary measurss to.
be taker to stabilize the bicarbonate are to reducc 1its
noisture content and its hydroscopicity . Aamoniun
bicarbonate should be air-tightly stored and kept
free from water. It should be poirn’-:d out that proper-
ly packed anmoniun bicarbonate is practically not sub-
Jeet to any loss. The loss measured during piling is
le3s than 1%,
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Tab. 1 Vapor pressure of amnonium bicarbonate

vapcer pressure|59

(o Hg)

Tab, 2 Vapor pressurd of a.:on.:im blearbonate with

Temperature,GCjZérzmr§£:§~T36:7
122

201

- t—

45.0| 50.
a5 | 395

et

0 50.8
423

541,

54,01 55.8
615.7

59:25
§15.0

diffcerent noisture contents

Temperature, °C 25 |30.8 |37.1 | 43.2 48.9 | 53.9 | 57.9
vapor pressure
of dry salt(mn. 60.6 | 97.6 |159.6 | 240.1 | 378.9 |584.1 725.9
kg
moisture 0,16%
vapor pressure dgf
vot salt (mn Hg), 90-Y 145.1{237.3 | 371.8 | 555.9 |760.0
moiature 5.3

Tab., 3. Weight loss of ammonium bicarbonate in air
T4ne (hour) [ a 8 12 20
Dry salt weight loss (%), contain-
ing a moisture of 0.5% ’ 0.58 l1.23 1.84 2.98
vet 8alt weight lozs (%) containi 18.3 6.6 . .
a moisture tg 4,34% ng 36.63 57.41 | 84.88
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111, Se £
of agmoniun hicarbonate:

It is evident from its chcmical properties that
annoniun bicarbonate as a nitrogen fertilaizer suffers
f7on three drawbacks: firstly, chemical instability
and essy deconposition; sccondly, low nitrogen content
and expensive transportation; finally, fine crystal,
high noisvure, recdily eaking, poor physical proper—
tiecs and inconvenicnt use. Thus far three nethods
have been cdopted at present in anaoniunm bicarbonate
plants to improve the product quslity.

1) Cheniesl additives:

Nunerous studies with various additives such as
nineral salts, oils, organic compounds and surfactants
havc been done to mininize the loss of annoniunm bicar-
bonate due to decomposition, These additives are in-
troduced either after or prior to the crystal grovth
of thc bicarbonate., In thc foraer case vuc additive
is spread over the bhicarbonatc crystals by spraying or
washing, whilec in the latter case it is added +o the
solution.

It has been found out through the experiments that
by addition of anionic surfactant into the aquoeous am-
nonia solution, coarsc erystals nay be obtained after
carbonation, enabling the nmoisture in wet bicarbonate




product to be reduced from about 5% to about 3.5%,
resulting in less decomposition loss and bringing
about renarkable anticaking effect. Th's method has
been adopted in nore than 100 fertilizer plants in our
country.

The essential effect of additives is to in~rease
the dimension of bicarbonate crystals. We thinak that
in thc presence of a given anocunt of additive some co-
1loid bundles nay bc formed and dispersed in the aque-
ous anmonia solution, as soon as a critical concentra-
tion of collold bundles is reeched. As it is well
known from the cheracteristics of anionic surfactants
all thc hydrophilic groups attached to the surface of
colloid bundles are anions, adsorbed by equal number
of IH;. In the solution as a wholc, the NHj lon con-
centretion in the vieinity of colloid bundles is higher
than thut in the solution proper; fornation of bicar-
bonate takes place preferably in regions where the NHZ
ion concentration is high, crystal nuclcus alsc forms
first in the vieinity of colloid bundles., /4 given
conccntration of additive in equeous ammonia relates:
to the numbers of colloid bundles formed. Subscquent-
ly, the nunmber of crystal nuclcus, is govermed by that
of colloid bundles. Considering the course of crystal-
lization as a whole, crystal size 1is influenced by a
lot of factors, viz. The operating temperature, tem-
perature profile of carbonation tower, gas velocity,
aging tine for crystals, inmpuritics in aqueous aumo-
nia, c¢te. All thesc factors contribute to the rate
of nuclcus formation and the rate of crysinl ~rowth.
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For a ziven output, coarsc crystals may be obtained
if the nucleus foruation rate is less than ths cry-
stal growth rate. With the introduction of additives,
the number of crystal nucleus formed becomes less
than that without additives, and therefore the cry-
stals grow larger.

Corrse grains which are readily 2:zparable contain
iess molisture and require less package expenses due to
the increased bulk density. The decrease in moisture
content contributes to the reduction of decomposition
rates of bicnrovonate. Experimental Gata show that the
deconmposition rate of bicarbonate with and without addi-
tives differed considerably (Tab. 4).

The anticaking cffect of additives is due to the
layer of surfactant adsorbed on crystal surfaces vhich
inhibits the erystals from bridging and agglonmeration,

The recounended additives are alkylsulfonates or
nlkylbenzosulfonates, their dose varies from 0.1-0.01%.

2) Ihe press pollctizing of eamonium bicarbopate:

The bicarhonatc can be upgradnd by pelletizing.
The pelletized procduct, being more resistant to cak-
ing, 18 suiteble for necchanical deep dressing. Since
the specific surfacc arca of granular fertilizer is
significantly reduced as comparcd with powder ferti-
lizer, it is subject to less volatilization loss.




The press machine is composed of a palr of stain-
less steel clad rollers with a large number of nests,
flat in shape and #12.5mn x 3.4mn in size, arranged
over thelr surfaces. The press mechine ha~ a through-
put of 4-6 tons/hr., each pellet weighing 1 g.

3) Drving:

“hat nentioned above describes that the noisture
accounts for deconposition of bicarbonate and the dry-
ing of wet material would be an effcctive .cans to .
raise its stability. In common practice, hot air dry-
ing is used and the moisture is swept out with hot air.
As a result of our experincnts, we think the product
qualities can be inmproved, if both drying and additives
arc used in combination.

Iv. Bvaluation of the effectiveness of samonium
1) _S.Le.tg_qi_numzﬂn_aunnmm.m4m3=

Anmoniun bicarbonate is an amnoniacnl nitrogenous
fertilizer, charactcrized by its tendoncy to decompose
into amaonia, carbon dioxide and watcr. When applied
on tho surface layer of soil, the ammonia evolved fronm
deconposition partly escapes into t'ie atmosphere and
partly diffuses into the water f£ilm over scil parti-
cles and adsorbed in the forn of ammonium ions. When




Tab. 4.

The comparison of dscomposition loss of amaonium
bicarbonate with or without additives

(cxposure to sir, onvironment temp. 18-23°¢C)

Moisture Sanple After | After After After
Samples content weight ) day 2 days | 3 days | 4 days | 5 daya
% (g)

without 1 5.64 15.00 12.03 9.76 T.59 5.20 5.02
additive 2 5.30 15.00 12.20 9.54 B.67 8.61 8.53
with 3| 3.39 15.00 13.11 12.62 [12.29 12,26 | 12.22
additive 4 2.60 15,00 13.66 12,33 120 1228 12,24
5 2.20 15.00 14,24 14.23 14,20 14.18 14.15
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deeply dressei in subsurface layer of soil, the ammo-
nium bicarbonate repidly dissolves in soil solution
with formation of ammonium ions, thus the dissipation
loss is reduced. This ammoniacal nitrogen can be
taken up directly by crops and mirco-organisms or
adsorbed by soil colloid. Therefore the ammonium bi-
carbonate supplies nitrogeneous nutrient in form of

" ammonium ions to the crops, as shown in following
equations:

NH,HCO; — s NHy 1 + CO, 1 + Hy0

2 ;IH4HCO3 + 30il colloid Ca + soil colloid NHA
+ Ca(HCO3)2

2. ZIhc adsorption of amaoniwg bicarbopate¢ by golil:

Simulation tests with 3 kinds of soil froa the su-
burban countics of Shanghai have been cerried out by
the Institute of Soil and Fertilizers of Shanghal Aca-~
demay of Agricultural Scicnce (Tab. 5). Under ordinary
dressing conditions of ertilizer, the adsorption of
anmoniun bicarbonate on soil anouats to about 1104 of
annonium sulpaate,

The carbon dioxide constituent in aomonium biecar-
bonate i3 needed by photosynthesis, In addition, the
anaoniuwt bicarbonate contains no other harmful con-
stitucnts so that there 18 no haruful effect on soil
even for long time dressing.
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3. The effectiveness of anuopniug bicarbonate :

Since China used ammoniui bicarbonate as nitro-
genous fertilizer in 1958, extensive experiments have
been carried out by institutes of agricultural science
at nany places. It has been proved that amaonium bi-
carbonate, like other nitorgenous fertilizers, shows
renarkable yield-increasing effect on various soils
and crops.

1} Aaponium bicarbonate has shown satisfying ef-
fectiveness in increasing yields for rnajority of crops.
The e¢ffectivcness 9f this nitrogen fertilizer for
whe~t, naize,i1illet, sorghuu, rice, sweet potato, co-
tton and othcr crops can be illustrated by experiaents
conducted by the Shandong Province Institutce of Soils
and Fertilizers, Acedeny of Agricultural 3cience(Tab.6).

2) Coupurigon of auoniwa bicarbopate with othger
nitrozencug fortilizers:

These showed thc fertilizcr ¢ffect of an.onium bi-
carbonate wos 3ligzhtly below that of amwoniun sulphate
and ures, and coomparable to that of aamoniun chloride
and amruoniwa nitrate (Tab., 7). Coaparing the effective-
ness of bicarbonate with that of other nivrogen fer-
tilizers, it i3 found tha* the values of significence
of difference both for bicarbonate: anaoniun sul-
phate and bicarbonate: urea attain the most significant
level (t > t 0.01). It is also found that the values
of significance of difference both for amaoniun chloride




Table 5. The adworpticn of Anaoniun Bicarbonate and Sulphate by

3 kincs of soil frou the suburban counties of Shanghai

i Adsorption of Adsorption of Adsorption of ammo-
Kinds of soil | amnnoniunm arzaoniun nium bicarbonate re-
bicarbonate, % sulphate, % lative to ammonium
sulphate
Huangjiasha 3cil 95.45 86.10 111
Gouhan Soil 97.06 90.70 107
Qingzi Soil 96.10 86,60 111

By courtesy of the Institute of Soils and
Fertiligzers under Sh al Academy of
Agricultural Science (1973)

-£ I-
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and ammoniun nitrate are under the level (t< t0.05).

4. Ar-lication methods of apmonium bicarbopate:

When ammonium bicarbonate was appiied into the sub-
surface laycr, besides promoting the adsorption of
aunonia by soil, it also helped thc process of its dis-
sociation into the ammonium ion and bicarbonate radical,
with the result that nitrogen volatilization loss was
reduc :d, air pollution decreased and roots extension
pronceed. And in paddy ficlds the loss caused by ni-
trification and denitrification is lesscned, because
anaoniun ion is in the anaerobic coundition.

The sinulated experinent on decp drelsins of ammo-
nium bicarbonate in umediunm loan with 13.6% a0isture at
a temperature of 29°C, which was carried out by The Soil
and Fertilizer Research Institute of Shandong province,
showed that the nitrogen nutrient loss wes grest in sur-
face dressing, and che volatilization loss was reduced
a great deal, when it was applied at a dopth of 6-10cm
(Tab. 8). ‘

1) Deep application of powdared agmonium bicar-
~ lopate: |

Fleld test of over 600 experiments carried out by the
Shanghai Agricultural Scientific Academy in the suburbs
of Shanghai from 1971 to 1978, showed that the rice yield
by adopting deep application in thw whole plbugh layer
was 10% higher than by adopting surface dressing, when




Tab. 6. Effect of llﬂqHCO3 cn the increase in crop yield

. Inoreasc in yield

Increass in yield (kg)/

Nunber of :
Crops experiments | (kg)/NH4HCO3(kg) Nitrogen nutrient (kg)
; range | average range average-—
Wheat 22 1.36-3.66 2.59 8.69-22.8 16,19
Maize 25 1.70~5.12 3.59 10.63-32.00 22.44
Millect 8 }1.69-4.2; 3.07 10.56-26.25 19.19
Sorghun 3 1.22-2.14 1.58 7.63-13.38 9.88
Rice 3 1.53-4.41 2.1 9.56-27.56 16.94
Swcet potato 6m4____ _”}1139:99:}EL 34.00 91.88-375.63 212.5
Cotton 7 1.25-1.91 1.40 7.81-11.94 8.75

-Sr-
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Table 7. The conmparison of fertilizer effects between anmonium bicar-
bonate and other nitrogenous fertilizers

_ - :
Materials Nuiber of Average yie' Increasc or decrease percentage frequency
experiacnts |increased(7#) 90 90 - 95~ | 100~ 105~
) 94.9% | 99.9% ) 104.9% [109.9% | 110%

anmoniun [

sulphate 48 4.84 0 1 11 17 3 11
A
T

Urea 31 3.94 0 l 9 12 4 5

ammonium 29 2.18 4 0 6 6 8 5

chloride

annoniunm

nitrate 36 2,60 1 8 5 11 3 8

* by taking the yield when applyirg ammonium bicarbonate as 100%
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equal amount of ammonium bicarbonatc is used. For
deep application in the whole plough layer; defore
transplanting double-cropping rice, 80% amnonium bi-
carbonate was distributed in the fields after irri-
gation and harrowed into the plougn layer, while the
rest wqs used as top-applicatic . Por surface dress-—
ing, 40% amnoniva bicarbonate was spread on the sur-
face as basal manure, 60% was used as top-applica-
tion at two periods. The Shanghai Agricultural Scien-
tific Acadeny and the Agricultural Scicntific Acadeny
of Hunan Province used 15N as the tracer to study the
influcnce on the absorption of nitrogen by rice, eap-
loying both deep and surface dressing of ammonium bi-
carbonate. The results showed that the nitrogen uti-
lization of deep application of the whole plough layer
was 4,2-20,5% higher than that of surface dressing.
All the z2bove-mentioned experimental results indicated
that deep application of the whole plough layer was an
ccononical and effective nethod for increasing the uti-
lization of nitrogen and rice yield (Tab. 9 and 10).

2) Decpn applicatdon of gronulated ammoniud bicar-—
bonates

Two kinds of granulated amanoniun bicarbonate have
veen produced. One kind, with each granule weithing
about 1 g is granulated by pressing amronium bicarbo-
nate powder directly. An increase in yield of 8.3 -
17.2% by using granulated ammonium bicarbonate (deep
application) over that by using powder (surface dress-

-




Table 8. Nitrogen nutrient loss of NH4HCO3 applied in differeont deptha

surface dressing

applied in depth of 6cn)

appliod in depth of llen

Tine acounulative loss accunulative lomss | accunulative loas
sotal loss rate total loss rate | total loss rate

(ug) (%) (zg) (%) (%) (%)

1 Qay 137.81 8.35 7.90 0.48 8.11 0.49
S5 days 227.17 13.77 13.70 0.83 14.64 0.89
15 days 262,57 15,91 22.T7 1,38 18.64 1,14

-g1-
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ing) was proved in wvarious cxperiments carried out
by provincial or regional agricultural scientific
acadenies (see Table 11).

Another kind of granulated fertilizer ie produced
by oixing a certain emount of air-dried fine clay
with powdered ammoniuma bicarhonate and by pressing
afterwards. Bach granule weighed 6-10 g. Sonctimes
superphosphate, ground phosphate rock, pesticides or
organic fertilizers can also be adde¢. It is gune-
rally usced for topdressing or rice by means of deep
layer hole application. As coapared with surface
dressing of powdered ~mmonium bicarbonate, deep ap-
plication of granulated amnonium bicarbonate brought
an increase in rice yicld of 645kg/ha (avernge), an
incrcase of 14.8%, as calculated from results of 38
cxperiments conducted by Agriculturz2l Scicntific
Acadeny of Pujiun Province in 1973, an increase in
rice yicld of 622.5kg/ha (average), an increase of
13.35 fron 122 experiments in 1974. 15 morc cxperi-
acnts carried out in the Guangxi Zhuang Autonomous
Region in 1975 showed that the averege rice yield
incrcase was 741.8kg/ha, an increase of 17.8% by adopt~
ting deep apvlication of granulated annonium bicardo-
nate. And in Yunnan Province, experimental results
2gain proved that deep application of granulated
amaonium bicarbonate made rice yield increcse 450-
1185kg/ha, an average increase of 12.1%,




Comparison of utilization of powdered ammonium bicarbonate

Table 9.
when cnploying deep application and surface dressing
l early season rice Jate season rice
Application
qethod nitrogen utilization nitrogen utilization
(%) (%)
field pot culture fielad pot culture
Surface dressing of bagal
+ top-application 14.0 14,9 14,2 10.8 22.7 19.7
Basal whole plough 1ayqr |
(80%) + top-application 24.7 25.0 18.4 17.6 29.9 40,2

(Shanghai Agricultural Sciontifio Academy
1974-1977)




Influence of different application methods on absorption
of nitrogen in ammonium bicarbonate by :'ice

(field-simulating pot oculture experiment)
l

Table 10.

absorbed and
fixed by soil
(%)

Application nethcd utilized by crop (%)

{
surface dressing of basal ?
nanure + top-application, , 14.27 37.23
twice :

23.45 42.69

one time, wnole plough layer
appaicaticn for basal nanure

(Agricultural Sciontific Acadeny of Hunar Province)




Table 1l1.

Couparison of fertilizer cffoct of granulated amnoniunm
bicarbonate by deep application and powdered ammoniun
bicarbonate by surface dressing

avara%e avera?e incrocase increass in -
number o yield(kg/ha)] yield(kg/ha.) rate (% yield (73).

area experi- crops| by using by using granule

nents powdered powdered powder
fertilizer | fertilizer
Shandong 9 wheat 4299,0 4664.3 8.5 1.4 .
Shaanxi 25 | rice 5550. 0 6262.5 12,8 2.0 v
Guangdong 44 rice 4626,.8 5016.6 8.4 1.15
Anhui 1l rice 5160.0 6048.0 17.2 2.2
Jiangsu 10 | aweet | 22067.3 | 23909.3 8.3 6.72
potato
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Deep application of granulated amnonium bicarbo-
nate can caise the nitrogen utilization degree by
crops. The nitrogen utiligation comparision experiments
between deep application of granulated ammoniunm bicar-
bonate and surface dressing of powdered fertilizer con-
ducted by the Nanking Institute of Soil Science, Aca-
denia Sinica with 15N +racer showed that the utiliza-
tion degrec of the former was 23-51% higher than that
of the latter, and 9-38% higher than that of surface
dressing of powdered amnonium sulphate. The results
indicated that the nitrogen utilization of anmonium bi-
cerbonete was counparatively high, if a proper zapplica-
tion method was adopted (Tab, 12).

The granulation of powdered amuoniun bicarbonate by
coupaction not only improves the property of anxioniun
bicerbonate but also fully utilizes its advantages of
slow-rclcase, constance and long durability. And all
these enhance its nitrogen utilization and nake mecha-
nical placeinent convenient. The granulated fertilizer
e nainly used in paddy-ficlds for top-application ei-
ther nanually or nechanically. One granulc is put for
every two or four rice stands in a depth of about 5cm.
Becausc the fertilizcr effect of desp application of
granulated annoniun bicarbonatc is 20 days longer than
that of surface dressing of powdcred amaoniun bicarbo-
nate, it should be applied with right quantity at the

right nonent, to avoid delayed maturity and delay of
ncxt erop plantation. Large granular clay-nixcd anono-




Tab. 12. Nitrogen utilization coiparision betweon deep application
of granulat=d aayioniwi bicarbonate and surface dressing

of powiercec fertiliger

—— . -

e

—

| nitrogen utilizetion retip nitrogon utilization
applicotion methods | of wheat (%) ) ratio of rice (

isnall plot in pot culturp snall plo. pot culture
| fileld in field
T

powdered amnoniun bicar- 3

bonate, surface applica- 19.4 36,1 31.2 27.9

tion as top-drcssing

granulated amnonium bi-

carbonate, decp application 56,2 1.4 54.7 78.8

as top-dressing

emmoniua swlphate sur-

face application as 35.6 62.1 38,9 40.9

top~dressing

Nanking Institute of Soil Soience, Aocadenia Siniea in 1977
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niun bicartonate is rnot suitable for long period storage
and requires o great deal of clay, thus the extra work
in fetching clay and transporting it is increased. The
granulated cnomoniun bicarbonate by compacting powdered
arroniun bicarbonate dircetly is not liable to cake or
break casily after long period storage.

Granulators arnd ceep dressing nachine of powdered
anaoniun bicarbcnate have been developed on a trial
basis. There are tow types of granulators, one with a
capacity of 4-6t/h and the other with 2 capacity cof
1 t/h. (each grenule weighs 10 g) or with a capacity of
0.56t/h. (cach granule weighs 6 z). For the greanulation
0f enmoniua bicarbonate, o moisturc of about 4-57% is
rcquired, othorwisc the granules cen not. ve forned and
looscnec¢ from tne nolds. Tahe single-row type and seni-~
bucket type granulated =2amoniwi bicarbonate decp appli-
cators, both with a capacity of _E_ ha/a for paddy-
ficlds and plains, nre all in pro&gction. There 1is
still roon for iaprovercent for these dressing machines,
such as iuzproving the uniforuity of distributiorn and
checking the tendency of wheels to ski. in deep mud.










