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ABSTRACT

Rising fertilizers costs and their environmental pollution have heightened
the need to improve nitrogen management to decrease these injury factors .
Ammonia gas as a source of N fertilize was used to avoid' this injury and
increased sugar beet yield and quality by this investigation .Tow field
experiments were carried out during two successive seasons 2007/2008 and
200872009 at Sakha Agric Res. Station, Kafr EI-Sheikh Governorate, North
Nile Delta Region, Agric. Res. Center, Egypt. This investigate was conducted
to evaluate the effect of injection ammonia gas with three doses (60+30kg
urea, 90 and 120 kg / fad.) under three injection depth (10,20 and30cm.) on
yield and quality of sugar beet . A split plot design used under three
replications ammonia gas were applied in main plot and injection depths were
_allocated in Sub- plot. Data obtained indicated that rising ammonia gas levels
from 60kg ammonio+30kg urea, 90 and 120 kg / fad. and injection depth from
10 to30cm.Caused asignificant increase in mean values of root , sugar and
top yields as well as top / root ratio in both seasons and extractability
percentage in the first season only .On the other hand increasing ammonia
gas levels from 60 to 120 kg/ fad. and injection depth from 10 to30cm.Cased
asignificant decrease in values of sucrose , purity and alkaline coefficient
percentage in both seasons. While, the differences between mean values of
extractable sugar in both seasons were not significant .

Also sugar losses in molasses in the second season not reached to the
level of significance compared with the first season. Impurities contents « -
amino N increased significantly with increasing N levels in both seasons, bot
was true for Na and K content ‘While , all impurities vaiues of (Na, Kand a -
a. N ) were decreased with increasing N . Generally , we com considered
that ammonia gas is good and cheaper course for nitrogen fertilizer compared
with any other N source and gave the maximum economic return in both

seasons .
INTRODUCTION

World sugar production comes from two main crops, sugar
cane represented 70 % whereas sugar beet 30%.While in Egypt
sugdar cane represented 46.45% , sugar beet 45.90% and other
natural sweeteners 7.65 % in the year 2010 (Egyptian Society Sugar
Technologists annual conference 2010). Sugar beet ( Beta vuigaris L.)
grows in moderate and cold zones between latitudes 30 and 60 North
these conditions gave a good chance to accumulate sucrose in root.
Nitrogen fertilization play an- important role in crop production.
Investigations targets to minimize the gap between sugar production
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and consumption. Dubich et al, (1973)concluded that injection
ammonia gas at levels 50kg or 50kg urea at depth 12-15 cm. gave
the highest root and sugar yields . Kampfe et al., (1973) showed that
injection ammonia gas at depth of 15 cm gave maximum root and
sugar yields . Similar resuits were obtained by Korany and Khalifa
(1998) and Mullen et al . ( 2000). Mostafa and Darwish (2001)
concluded that injected ammonia gas at level (102kg/fad.) gave the
highest root ,sugar and top yields compared with other levels under
study (0, 45 and 75 kg / fad.)as well as N,P,K and Na content than
urea fertilizer, on the other hand increasing levels of ammonia gas
injection decreasing sucrose and purity percentage. Atia et al,
(2007) compared ammonia gas with urea, they found that the first
ammonia gas progressed than urea for root yield and gave maximum
root yield (30.803 t / fad.) Stevens et al., (2007) investigated the effect
of point injection on sugar beet using three different placement
strategies .broadcast and in corporate (Bi) Knife-banded
(KB)18cm from the seed row, or point injected (pi) 8 cm from the seed
row. They found that advantage of (pi) than with other (Bi) or (KB) on
root yield, on the other hand root sucrose content was generally
unaffected by depth of injection while, sugar yield was the highest
with{pi) than other. Alaa and Helal (2009) concluded that injected
ammonia gas or urea at level 90 kg /fad. gave the highest root and
sugar yields in addition high quality for sugar beet juice with applied
on foliar spray from compost tea . So, we carried out this investigation
to study effect of injection ammonia gas under different levels and
depths on yield and quality of sugar beet under our invironmental

conditions.
MATRIALS AND METHODS

During two cultivation seasons (2007/20088&2008/2009) field
experiments were carried out at Farm of Sakha Agric Res. Station in
Kafr EL -Sheikh Governorate to find out the effect of injection
ammonia gas (82 %) with three levels ,(60Kg ammonia +30Kg
urea/ fad.) , 90 and 120Kg ammonia only / fad . under three different
depths (10,20and30cm.).Treatments were arranged in split- plot
design with three replications, the main plot included the three
ammonia gas levels meanwhile the injection depth were allocated in
sub-plots. Sugar beet cultivar ( Pleno jwas sown in ndges 50cm
.apart and 20cm. between hills , plot area was (45 m) The
recommendation of phosphorus and potassium fertilizers were
applied as used in sugar beet fields. Sowing date was during the 2™
week of October in both seasons. Other cultural practices were carried
out as recommended. At harvest , two guarded rows were harvest ,
yield and yield attributes were recorded .A sample of ten sugar beet
roots was taken at random for quality analysis . Each sub-plot has six
ridges 0.55cm apart and 10m long the preceding crop was maize in
the two seasons.
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Juice quality characteristics were determined in the fresh
roots using an automatic French system (HYCEL) in Delta sugar
company :

1. Sucrose percentage (Pol. %) was determined using polarimeter on
a _
lead acetate extract of fresh macerate root according to the method
of Le-Doct (1927).
2. Potassium and sodium percentages were determined using flame
photometer and a-amino nitrogen was determined using ninhydrin and
hydrindantin method according to Carruthers et al. (1962).
" 3. Purity % was calculated according to the following formulas:
Purity % = 99.36 - [14.27(V+ V+ V3) / V] (Devillers, 1988).
Where: V= Sodium % V.= Potassium %
Vi= a-amino N % V4= Sucrose % (Pol %).
4. Sugar loss to molasses (SM), sugar extractable and extractability %
were calculated according to the following formulas:
Sugar loss to molasses = (V4+V3) 0.14 + V3 x 0.25 + 0.5, Devillers
(1988).
5 - Extractable sugar % =V, - SM - 0.6, Dexter et al. (1967).
6 - Extractability % = extractable sugar / sucrose %.
7- Root, sugar and top yields were determined as follows:
Root and top yield (tons/fad) was determined on the whole plot
basis.
Sugar yield (tons/fad) was calculated according to the following
equation:
Sugar yield = root yield(tons/fad). x sucrose % x purity %.
8 -Alkaline coefficient =v1+v2/v3 (Wieninger and Cubadinow
1971, Poilach
19842, 1989)

Table (1) Chemical analysis of soil experimental site (0-30 cm
depth) at Farm of Sakha Agric Res.Station, Kafr El-
Sheikh Governorate in seasons 2007/2008 and 2008

{2009 .
PH ECM | Organic Available Anions Meq / L
Season ] Mos/ | Matter N P K . . 2 2
(1:2.5) em % ppm | ppm | pom HCOy | CI' | SO | CO;,
2006/2007 8.3 3.34 1.82 15.2 | 6.31 | 281.35 6.5 6.1 1 0.21 0.00
2007/2008 8.4 3.40 1.91 16.3 | 6.25 | 290.10 6.1 5.9 | 0.61 0.00

variance technique by means of "MSTAT" computer software

Statistical analysis:

Data obtained were subjected to procedures of split plot
design out lined by Gomez and Gomez (1984) by using analysis of

package. To compare between means of significance Duncan,s
muitiple test was used (Duncan, 1955).
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RESULTS AND DISCUSSIONS
1-Root and sugar yields in {tons/fad})

Data collected in table (2)Show influence of injection ammonia
gas at different doses and depths on root and sugar yields. it is
obviously clear that increasing both ammonia levels from 60 to 120kg
! fad and injection depth from 10 to 30 cm . caused asignificant
differences among mean values of root yield in both seasons.

Maximum root yields were obtained when ammonia gas was
injected at 120 kg /fad (32.307 and 31.080 ton /fad )and at depth 30
cm. (31.299 and 30.987 ton ffad in both seasons resp. These results
are naturally due to the increase in weight of the single root of sugar
beet which accompanying to the increase in ammonia levels .

These findings are in agreement with those obtained by Dubich et
al , Kampfe et al.,(1973) Benjamin et al ., (1994) and Korany and
Khalifa (1998) . Significant interaction effect was found in the second
season between N level and injection depth on root yield

Data in Table (2) exhibited significant increase in sugar yield in
both season associated with the increase in ammonia levels to 120kg
[ fad . which applied to sugar beet , the same trend was found with
increasing injection depth of ammonia gas from 10 to30 cm .in both
seasons . the highest N levels gave {4.684 and 4.817 ton sugar /fad
.resp .) and deeper depth 30cm gave (4.583 and 4.791 ton sugar /fad
resp .).

Significant interaction between N levels and injection depths on
sugar yield in the second season was found which gave maximum
sugar yield (4.936 ton /fad .) when sugar beet fertilized by 120kg / fad

- .at depth 30cm .by ammonia gas . Similar results were found by
Stevens et al ., (2007) , Mostafa and Darwish (2001) and Alaa and
Helal (2009) . ' '

2- Sucrose and sugar loss percentages:
Data in Table (3) showed significant reduction in sucrose % due to

increasing the injection ammonia levels from 60 +30Kg urea —~ 120 kg
ammonia in the first season by (3.53 and 2.78 % resp .) Increasing
injection depth to 30 cm caused adecreasing sucrose percentage in
both seasons .
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Table (2): Effect of Different levels and depth of injection
ammonia gas on root and sugar yields (ton /fad )
during 2007/2008 and 2008/ 2009 seasons.

| Root yield (t/ fad.) [ Sugar yield (t / fad.)
Levels | Injection depth
ammonia > »
o || 8| 5| 855|885
Injection b4 < =4 < = b = g
First season
60kg

Am.+30kg | 28.171 | 29.496 | 30.920 | 29.529 | 4.312 | 4.469 | 4.601 | 4.460
urea

90kg
Amm.gas 27.440 | 28.131 | 29.330 } 28.300 | 4.128 4.218 4282 | 4.209
120kg
Amm.gas 31.171 | 32,103 | 33.646 | 32.307 | 4564 | 4601 | 4866 | 4684
Means 28.927 | 29.910 | 31.299 4335 | 4429 | 4583
LSO N 262 017
leve! i .
Injection
depth 1.21 0.06
Interaction n.s ns
Second season
60kg

Am.+30kg | 25.330 | 28.624 | 30.330 | 28.095 | 3.990 | 4.489 | 4.692 | 4.390
urea ]

90kg

Amm.gas 28.560 | 30.010 | 30.512 | 29.694 | 4.130 | 4.695 | 4.745 | 4.523
120kg

Amm.gas 30.440 | 30.672 | 32.120 | 31.080 | 4.747 | 4.768 | 4.936 | 4.817
Means 28.113 | 28.769 | 30.987 24289 | 4.651 | 4.791
LSD N

( level 0.56 0.13

Injection

T depth 0.70 0.16

| Interaction | 0.70 015

These result coincide with those reported by Mostafa and Darwish
(2001) and Alaa and Helal (2009). No significant interaction was
found between ammonia levels and injection depth in both seasons on
Sucrose percentage. The lowest values of sugar loss (6.95and 5.45%)
were found on both seasons with application 120kg / fad. ammonia
gas to sugar beet compared with the highest sugar loss with low
levels of ammonia gas (7.22and 5.58%resp .) in table 3 . This results
are in agreement with the finding of Mostafa and Darwish (2001)and
Aboshady et al ., (2008).They found that high levels of N caused
adecrease sugar losses in molasses . The same trend was found with
injection depth , with increasing injection depth to 30cm. sugar loss
significant by decrease in both seasons .No significant interaction
was found between ammonia gas levels and injection depth in both
seasons on sugar loss.
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Table (3) : Sucrose and Sugar loss percentages as effected by
injection ammonia gas levels and injection depth in
season 2007/2008 and 2008/ 2009 .

Sucrose % 1 Sugar loss %
Injection depth

Levels » 9
ammonia 5§ & £ 5 £ g E g—,
of <] Q =] o 3 <] S 0
. . - N (2] 2 - ~N (3] >

Injection L

First season
60kg

Am.+30kg | 17.16 | 16.75 | 16.29 | 16.73 | 7.80 | 6.99 | 6.87 | 7.22
urea

90kg '
Ao cas | 1694 | 1672 | 1617 | 1661 | 822 | 765 | 720 | 769
120kg | 1549 | 16.00 | 16.00 | 16.16 | 7.59 | 6.81 | 6.45 | 6.95
Amm.gas i
Means | 16.86 | 1649 | 16.15 787 | 715 | 6.84
LSD N
o 0.37 0.15 |
Injection :
veoth | 036 | 0.18
Interaction | ns | ns

Second season
60kg
Am.+30kg | 17.09 | 16.89 | 16.55 | 16.84 | 5.82 | 576 | 5.04 | 5.54
urea ’
90kg | 1895 ( 1685 | 16.75 | 16.85 | 6.03 | 546 | 525 | 5.58
Ao ps | 1 : . . . . . .
120kg
Ammss | 1690 | 1682 | 16.56 | 1676 | 561 | 549 | 525 | 545
Means | 16.98 | 16.85 | 16.62 582 | 557 | 518
LSDN
level N.S N.S
Injection
veoth | 027 | 0.12
Interaction | n.s n.s |

3- Top vield (ton /fad .) and top /root ratio ;

Top yield was appreciably affected by apphcated ammonia
gas levels in both seasons (Table 4).Significant increases were found
in both seasons due to increase N levels from 60kg to 120kg ammonia
/ fad . Hi¢ st top yields were found (12.96 and 13.19 ton/fad )in both
season res,> .” hese results duee to effect of nitrogen on increase of
growth rate ot waves by increase cell divisions. Mostafa and Darwish
(2001) and Alaa and Helal (2009) also come up with the same finding.
Injected ammonia at 30 cm progress than tow other depth (10and
20cm.) and gave the highest top yield / fad . in both seasons (12.22



J. Agric. Res. Kafer EIl-Sheikh Univ., 37 (1) 2011 49

and 11,83 ton /fad .resp. ) . This progress related to good available N
at deeper depth for long time without losses.

Significant interaction effect was found in the second season only
on top yield .Significant difference were observed between values of
top / root ratio in both seasons due to nitrogen levels .Injected
ammonia at levels120kg gave the highest ratio (40.04 and 42. 40 %
resp) .This trait is indicator to maturity stage , these result mean that
increasing N levels led to increased vegetative growth than root
growth and led to late maturity. EL- Shafai (1991) and El -Geddawy et
al ., (2008)they found that increasing N leveis increased top/ root ratio.

Table( 4) : Effect of different levels and depths of injection
ammonia gas on top yield and top / root ratio in
2007/2008 and 2008/ 2009 seasons .

Top yield (t / fad.) T Top / root ratio. B
) _Injection depth
Levels
ammonia n )
of § 5 5 S 5 5 5 5
. N o o (= B [}] o o o [5)
Injection \n N @ = - N @ =
First season
60kg }
Am+30kg | 9.09 | 10.15 | 11.00 | 10.08 | 32.27 | 34.41 | 3558 | 34.09
urea
S0kg 912 | 1021 | 1151 | 1028 | 3324 | 36.29 | 40.16 | 36.56
Amm.gas . . ) . . . . .
120kg :
Amm.gas 11.55 | 1316 | 14.16 | 12.96 | 37.05 | 40.99 | 42.08 | 40.04
Means 992 | 11.17 | 12.22 3419 | 37.23 | 39.27
LSD N levei | 0.63 0.56
Injection
depth 0.27 0.41
Interaction n.s | 050
Second season
60kg
Am.+30kg | 9.00 | 10.15 | 12.00 | 10.38 | 3553 | 38.95 | 39.56 | 38.01
ufea
90kg 1028 | 11.56 | 12.40 | 11.41 | 3599 | 3852 | 4064 | 38.38
Amm.gas . : ) ) . : . 38 |
120kg | 15337] 1315 | 14.08 | 1319 | 4050 | 4287 | 4384 | 4240 |
Amm.gas
Means 1054 | 11.62 | 11.83 37.34 | 40.11 | 41.35 |
LSD N level | 0.39 0.50
Injection
depth 0.32 0.40
Interaction 0.40 0.50
\ The highest values of top/ root ratio were recorded in both

seasons (39.27 and 41.35 %) resulted from injected ammonia at
depth 30cm These result may be due to available ammonia at this
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depth for more time than other depth which help volatlhzatlon fo
decrease N available to adsorbed by roots.

Asignificant interaction between ammonia gas levels and injection
depth on top/ root ratio in both seasons. Maximum values were
obtained (42.08%and 41.35%) in both seasons resp. by appllcation of
120 Kg ammonia gas at depth 30 cm.

4- Extractable sugar and Emuabillg percentage :

Data presented in table (5)shawed no significant difference were
observed amang values of extractable sugar in both seasons due to
levels of ammonia gas. Similar resuit was found by Aboshady et el.,
(2008) . _

Table(5) :Extractable sugar and extractability percentages as
affected by levels and depths of injection ammonia
gas fertilizer in growing seasons 2007/2008 and

2008/ 2009.
Extractable sugar% [ Extractability percentages%
Injection depth
Levels
ammonia E 2 2
o 8§\ E | 858|883
injection s “ =2 - N © =
First season

60kg 1 .
Am.+30kg | 13.96 | 13.82 | 13.40 | 13.73 | 81.35 | 8251 | 8266 | 82.17
urea . .

90kg

Amm.gas 1360 | 13.57 | 1317 | 1345 | 80.28 | 81.16 | 8145 | 80.96
- 120kg \

Amm.gas 1336 | -13.13 | 1325 | 13.25 | 81.02 | 8206 | 82.81 | 81.96
Means 1364 | 1351 | 13.27 80.88 | 8191 | 82.31

LSD N level | n.s. 0.82

Injection

depth 0.23 045

Interaction n.s n.s

Second season

60kg

Am.+30kg | 14.55 | 14.34 | 1427 | 1440 | 85.04 | 8508 | 8622 | 8545
urea

90kg 1444 | 14.43 14,40 1442 | 8590 | 85.64 85,97 85.60
Amm.gas . ¥ . . . , X
120kg ! .

Amm.gas 114.43 1439 | 1420 | 14.34 | 85.38 | 8555 | 85.80 | 85.58
Means 1 47 | 14.40 | 14.29 85.20 | 8542 | 86.00

LSD N tevel ny n.s

Injection )

depth 0.13 | - 0.24

Interaction ns n.s




J. Agric. Res. Kafer El-Sheikh Univ., 37 (1) 2011

On the other hand injection ammonia gas at depth 30cm, reduce this
character from (13.64 to 13.27%) in the first season and from (14.47
to 14.29%) in the second season.This reduction in this trait due to
increase in a-amino nitrogen which related to high Nlevel due to
prevent crystallization of sucrose and loss to molasses. There were
no  significant interaction between ammonia levels and mjectlon
depth on extractable sugar in both seasons.

Extractability percentage recorded asignificant decreased in the
first season with high level of ammonia gas (120kg /fad ) (81.96%)
compared to low level (60 and 90kg /fad. ) which gave the highest
extractability in first season (82.17%).

This decrease in extractability due to decrease in sugar
extractable significantly than sucrose % by increasing in N levels.
These results reveal that increasing N leve! increased impurities in
root juice . These results are harmony with those abtained by
Aboshady et al ., (2008) .

Injected ammonia in soil under 10,20and 30cm.for sugar beet plants
exhibited significant differences among mean values of extractability
percentage in both seasons . increasing injection depth to 30cm .

51

significantly increased this trait from (80.88 to 82.31%)and (85.20 to ‘

86.00%) in both seasons respectively . There was asignificant
interaction between N levels and injection depths on extractability %
in the second season only

5- Purity and Alkaline coefficient percentages:

The results in Table (6) showed a significant decrease in purity
percentage in both season due to applied nitrogen fertilizer in form of
ammonia gas to sugar beet plants and gave maximum purity % with
low levels in both seasons (90.33 and 92.82 resp.) In comparison with
the other two levels. This decrease due to increase in Na, K and o-
amino nitrogen content tham sucrose % which related with high N
levels. Mostafa and Darwish (2001) and Alaa and Helal (2009)
mentioned that high purity % was found with low level of N application.
The results in Table (6) showed a significant increase in- purity %
amounted to 1.72 and 0.76 in the first season and 0.91 and 0.34 in the
second season with increasing injection depth of ammonia gas from
10 cm. to 30 cm . in both seasons because root content from Na, K
and a-amino nitrogen decreased with increasing injection depth from
10-30cm .

Alkaline coefficient in both seasons in Table { 6 ) appeared
that values of this trait decreased significantly with increasing nitrogen
. levels from 60 to 120 kg. Al mean values of alkaline coefficient
significantly  increase more than 1.8, this mean that nitrogen
application doses were suitable to sugar beet and optimum for sugar
beet yield and its quality .(Weininger and Kubadinow 1971,
Pollach1984,1989). ‘
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Table(6 ) :Purity percentage and Alkaline coefficient percentages
as affected by ammonia gas levels and injection depths

in seasons 2007/2008 and 20

08/ 2009

Purity percentage | _Alkaline coefficient percentages
Injection depth
Levels
ammaonia
of £ 2 E 2
mecion | 5 | & |\ § | § | § | § | & | &
o o (=] @ (=] (=] Q [ 1]
— o~ o = — (3] (4] =
First season
60kg
Am.+30kg 89.21 | 9045 | 91.34 | 90.33 3.20 448 4.64 4.1
urea
90k | ggar | 8066 | 9028 | 8958 | 377 | 390 | 397 | 388
Amm.gas ) ) i ) ) ’ ) )
120kg
Amm.gas 88.80 | 89.59 | 90.37 | 89.58 3.18 3.37 3.82 346
Means 88.94 | 89.90 | 90.66 3.38 3.92 4.14
LSD N level | 064 0.15
Injection
depth 0.49 0.16 1
interaction n.s 0.02
Second season
60kg
Am.+30kg 92.16 | 92.85 | 9346 | 9282 4.07 4.11 4.90 4.36
urea
90kg 92.02 | 92.85 | 92.83 | 9257 345 3.55 357 3.52
Amm.gas ) ) : ) ’ ) ’ )
120kg
Amm.gas 92.24 | 9243 | 9285 | 9251 3.01 321 3.90 3.37
Means 92.14 | 92.71 93.05 3.51 3.62 4.12
LLSD N level | 0.17 0.27
Injection
depth 0.35 0.19
Interaction | a.s | 0.30 ]

Application nitrogen fertilizer in form of ammonia gas at
different depth (10,20 and 30 cm.)gave values more than 1.8, this
indicated that all of these depths gave optimum growth and quality for
sugar beet in both seasons. Depth (30 cm. ) progress than other

depths and gave maximum values in both season .

(4.14 and 4.12 resp.)
Significant interaction was observed between nitrogen levels
and injection depths on alkaline coefficient in both seasons.

6 ~ Na , K and a-amino nitrogen content:

Table ( 7 ) revealed that significant differences were observed
among mean vaiues of Na , K and a-amino nitrogen content in both
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seasons due to effect of levels of ammonia gas which injected under
different depth .Increasing ammonia levels from 60kg to 120kg / fad
led to decreasing values of K content in both season while this trend
was found with Na content in the first season only . On the other
direction increasing ammonia levels caused to increasing values of o-
amino nitrogen in both season becous N is available at this depth
thom 10 - 20 cm which volatilization coused to decrease N at this
depths . :

Table (7): Na , K and o — amino nitrogen as affected by ammonia
gas levels and injection depths in seasons 2006 /2007
and 2007/2008.
Na- content ]L K-content [ @ - amino nitrogen |
] content
Levels Injection depth
ammonia
of
Injection » @ "
§1 B 8| s E|E| & | s0E|E| B | s
Q Q . Q O [=) o (=3 O o [« o Q
First season
60kg

Am.+30kg | 3.18 | 251 | 246 | 272 6.12 | 6.04 | 5.90 191 | 1.80 | 2.21
urea . )|
kg | 339 | 310 | 276 | 3.08 | 6.51 | 5.95 | 5.66 232 | 217 | 237

Ammgas | > . : : , : : . . .
120kg _

Ammgas | 291 | 235|218 | 248 635 |.6.10 | 548 251 | 200 | 2.47
Means | 3.16 | 265 | 2.47 633 [6.03 [5.74 2.25 [ 1.99
LSDN
level 0.06 0.06
Injection
depth | 007 0.08

Interaction | 0.07 0.08

Second season
60kg

Am.+30kg | 1.88 | 1.79 | 152 | 1.73 4 5.04 | 441 | 416 | 454 [} 1.70 | 1.51 | 1.16 | 146
urea
S0KI | 515 | 178 | 164 | 1.87 | 4.75 | 4.46 | 4.35 | 4.52 200 | 1.76 | 168 | 1.81 |

Ammgas | > : . : : : . : : . . _
120kg

Ammgas | 191 | 162 | 1.62 | 178 )1 4.42 | 441|439 | 441 §210 | 194 | 1.54 | 1.86
Means | 1.94 [ 1.80 [ 159 4.74 | 443 | 4.30 1.93 [ 174 | 1.46
LSDN :
ovel 0.10 0.07 0.10
Injection :
depth 0.04 0.11 0.10

Interaction | .07 0.10

0.10
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Concerning to injection depth , showed that injection ammonia at
30cm depth gave minimum values of all impurities (Na , K and a-
amino N ) in both seasons . -
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