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Abstract :

Disposal of industrial
wastes is a major problem in
many industrial companies
that causes environmental
hazards. Cement By-pass is
one of the major byproducts of
Cement industry which it daily
accumulates in huge amounts
(about 150 ton/day in the As-
siut Cement Company). A
field experiment was con-
ducted in Assiut Cement
Company farm to study effects
of adding Cement By-pass at
0, 2.5, 5, 7.5% to the sandy
desert soils without and with
applying farm yard manure
(FYM) at 4 ton/fed. on the
growth, vyield and nutrient
contents of alfalfa. The ex-
periment was designed as a
randomized complete block in
split plots with three replica-
tions where the farm yard ma-
nure (without and with FYM)
was assigned to the main plots
and By-pass levels was in the
sub-plots. The area of each
soil plot was 2x2 m (4 m?).
Alfalfa seeds were sown on
April 8, 2009 at 15 g /plot.

Nitrogen, phosphorus and po-
tassium fertilizers were added
to the soil at the recommended
levels as ammonium nitrate,
superphosphate and potassium
sulfate, respectively. All agri-
culture practices were done as
usual. Four alfalfa cuts were
taken until Nov. 24, 2009.
By-pass addition to the
sandy desert soil resulted in
significant decreases in soil
pH before cultivation and sig-
nificant increases in the avail-
able soil P, K Fe and Cu be-
fore and after the soil was cul-
tivated by alfalfa. The interac-
tion effect’ of By-pass and
FYM application gave signifi-
cant increases in the total soil
N as well as available soil K
and Cu but insignificant in-
creases in the available soil P,
Fe, Mn and Zn. The applica-
tion of FMY caused increases
in about 44.8 and 26.6 % of
the total green yield and total
dry matter of alfalfa plants,
respectively compared without
FYM application. The addi-
tion of By-pass to the sandy
desert soil at a level of 7.5%
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showed increases in the total
green yield and total dry mat-
ter of alfalfa plants of about
121.4 and 106.2 %, respec-
tively, compared to the con-
trol. The results showed that
adding the cement By-pass at
7.5% was the best addition
level to the sandy desert soil
even with or without applying
FYM io obtain good growth
and yield of alfalfa. The high-
est total green yield and total
dry matter {11.02 and 2.24
ton/fed., respectively) of al-
falfa plants were obtained with
adding FYM and By-pass at
7.5 %.
Introduction

Disposal of industrial
wastes is a major problem in
many industries which causes
environmental hazards. Recy-
cling of industrial wastes is
one way of disposal mecha-
nism and another way of re-
source management. Cement
By-pass is a major byproduct
of cement industry which ac-
cumulates daily in huge
amounts {about 150 ton/day in
Assiut Cement Company). If
this byproduct is not wisely
used or even disposed, it will
becotne an environmental pol-
lutant, This By-pass is a very
fine powdered, dusty material
and grayish in colour. The
physical and chemical proper-
ties of this byproduct sug-
gested it to be used directly to
improve the properties of

sandy desert soils (Hassanien

etal., 2010). Cement kiln dust
(CKD) contains alkali salts
derived from the clay raw ma-
terials, which include potas-
sium and sodium feldspars
(Daous., 2002). The major ex-
isting application of these ce-
ment kiln dusts (CKDs) is as a
soil stabilization (McCoy and
Kriner.,, 1971; Baghdadi and
Rahman., 1990). Daous (2002)
found that the enriched levels
of soluble potassium sulfate in
alkali rich cement kiln dust
(CKD) made such dust a
promising raw matenal for the
extraction of potash or its
soluble salts. Many research-
ers suggested the direct use of
CKD as a fertilizer material
because of its high potassium
concentrations and as an acid
neutralizing material due to
its high lime content (Baker et.
al., 1975; Risser et. al., 1981,
Preston, 1993). The alkalis in
kiln dust are recovered by
leaching at higher temperature
with an aqueocus solution of
KCl. The leachate 1is cooled
for crystallization of KCI and
removed. The washed CKD is
reclaimed for use as kiln feed
(McCord, 1977).

Alfalfa is a main fodder
crop in many countries and is
a moderately salt-tolerant
crop. It is susceptible to salt
damage during its establish-
ment (Lehman and Robinson,
1979, Stone et al., 1979). De-
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termining the amounts of ni-
trogen (N), sulfur (S), potas-
sium (K) and phosphorus (P)
that are needed is important to
insure adequate alfalfa yield
and quality. This recommen-
dation is applied when soil N
prior to planting is below
critical levels (Koenig, 2002).
Salinity-fertility relationships
are important and have been
the subject of many green-
house and field studies
(Kafkafi et al., 1982; Papado-
poulos and Rending, 1983;
Kafkafi, 1984). Alfalfa yield is
influenced not only by salinity
but also by the addition of
phosphorus fertilizer as indi-
cated by Alva (1985) who
found that alfalfa yield in-
creased linearly with the ap-
plication of phosphorus up to
44 kg ha’'. Micronutrients are
those nutrients that are essen-
tial but needed in only small
amounts. They include =zinc,
manganese, boron, copper,
iron, chiorine, and molybde-
num for plants.

The objective of this study
is to evaluate the interactive
effects of farm yard manure
and cement By-pass on the
growth, yield and nutrient
contents of alfalfa plants as
well as on some properties and
nutrient contents of the sandy
soil.

Materials and Methods

A field experiment was
carried out in Assiut Cement
Company farm at Assiut to
study the effects of cement
By-pass (0, 2.5, 5, and 7.5%)
without and with adding farm
yard manure (FYM) on the
growth, vield and nutrient
contents of alfaifa. The effect
of these treatments on some
properties and nutrient con-
tents of the sandy desert soil
was also studied. The experi-
ment was designed as random-
ized complete block in split
plots with three replications
where the farm yard manure
(without and with FYM) was
assigned to the main plots and
By-pass levels was in the sub-
plots. The area of each soil
plot was 2x2 m (4 m?). Some
soil properties of the experi-
mental farm are given in Table
1. . The By-pass characteris-
tics used in this experiment
was presented in Tables 2 and
3. The particle-size distribu-
tion of the soil was measured
using the pipette method ac-
cording to Richards (1954)
and Jackson (1969). The satu-
ration percentage (SP) of the
soil and By-pass was deter-
mined as it was described by
Hesse (1998). Organic matter
{OM) in the soil was deter-
mined using the Walkley-
Black method and the pH of
both soil and By-pass was de-
termined in 1:1 suspension of

490



Amin, et al 2011

a soil or By-pass to deionized
water by a  glass electrode
(Jackson, 1973). Calcium
Carbonate (CaCQ;) in the soil
was estimated using a volu-
metric calcium carbonate cal-
cimeter (Nelson, 1982),
whereas the electrical conduc-
tivity of the saturated soil or
By-pass paste extract (EC.)
was measured using an elec-
trical conductivity meter
(Hesse, 1998). Available
phosphorus (Olsen-P) in the
soil and By-pass was extracted
by 0.5 M NaHCOQ; at pH 8.5
according to Olsen et al.
(1954), and calorimetrically
determined using the chloro-
stanous phosphomolybdic acid
method according to Jackson
(1973). Soil available potas-
sium was extracted using 1 M
CH;COONH4 at pH=7, and
determined using the flame
photometery method (Jackson,
1973). Available Fe, Mn, Zn
and Cu in the soil and By-pass
were extracted using 0.005 M
DTPA (diethlene triamine
penta-acetic acid) at pH 7.3
(Lindsay and Norvell, 1978)
and determined by GBC
atomic absorption sepctropho-
tometer (GBC). Total N in the
soil was determined by micro-
kjeldahl
1973).
In this experiment the ce-
ment By-pass was added to
the soil plots and mixed with
the surface layer of each plot

method (Jackson,

and these plots were leached
for three weeks (one leach
every other day) to get rid of
By-pass salts. The FYM was
added to the experiment at a
level of (4 ton/fed.) after culti-
vated. Superphosphate was
applied to the plots at a level
of (100 kg/fed.) while potas-
sium sulfate was applied at the
recommended level (300
kg/fed.) in two equal doses
after cultivation. Nitrogen was
added to booster as ammo-
nium nitrate a level of 50
kg/fed. Alfalfa (Medicago sa-
tiva) was sown at 15 g/plot on
April 8, 2009. Four alfalfa
cuts were taken from each plot
on July 5, Sept. 17, Oct. 29
and Nov. 24, 2009 and then
total green yield (ton/fed.) and
total dry matter (ton/fed.) were
estimated. At the end of this
experiment Nov. 24, 2009,
plant samples were taken and
subjected to chemical analysis
using the wet digestion of
H;804-H,0; mixture as de-
scribed by Parkinson and Al-
len (1975). Phosphorous con-
centration in the digests was
determined  colorimetrically
using the stannous chloride
phosphomolibdic-sulfuric acid
system as described by Jack-
son (1973). Nitrogen in the

digests was determined by mi-

cro-kjeldahl method (Jackson,
1973). Potassium in the di-
gests was determined using
the flame photometery (Hesse,
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1998). Iron, manganese, zinc The statistical analysis of data

and copper in the digests were  was done according to the de-

estimated by a GBC atomic scribed by Gomez and Gomez

absorption sepctrophotometer, (1984),

Table (1): Some physical and chemical properties of the experni-
menta} farm soil.

Property Value
Particle size Distribution (%)
Clay 2.00
Silt 1.20
Sand 96.80
Texture Sand
Saturation percentage (%) 17.25
Organic matter (%) 0.054
ECe (dS/m) 4.72
CaCO; (%) 6.73
pH(1: 1) 8.50
Soluble cations (mmol/ kg)
Ca” 3.41
Mg” 0.53
Na” 2.25
K" 0.15
Soluble anions (mmol/ kg)
HCOs 0.41
cr 3.97
S04~ 2.63
Extractable nutrients
Olsen-P (mg/kg) 0.35
Available K (mg/kg) 18.12
DTPA-Fe (mg/kg) 1.466
DTPA-Mn (mg/kg) 0.721
DTPA-Zn (mg/kg) 1.596
DTPA-Cu (mg/kg) 0.317
CEC (cmol+/kg) 18.93
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Table (2): Chemical constituents of cement By-pass (Assiut

Cement Company). -
Con- | ain | ,
Sﬁ;';m Si0, | ALO; |Fe;0;| CaO |MgO| SO |Na,0{K,0| Cl
C(ﬁ/:‘; 11.88 2.97 |2.60 147.81| 0.68 [12.13] 2.28 |4.38!4.81

Table (3): Some physical and chemical properties of cement By-
pass material used in the experiment.

Property Value
Saturation percentage (%) 65.82
pH (1: 1 suspension) 12.41
ECe (dS/m) 24.6
Soluble cations (mmol/kg)

Ca* 76.27
Mg"™ 1.92
Na' 457.88
K* , 1080.56
Soluble anions (mmol/kg)
Cr 1629.40
SO 28.06
Extractable nutrients
Olsen-P (mg/kg) 63.75
DTPA-Fe (mg/kg) 102.89
DTPA-Mn (mg/kg) 0.035
DTPA-Zn (mg/kg) 0411
DTPA-Cu (mg/kg) 9.000
CEC (cmoit/kg soil) 21.74
Results and Discussion significantly decreased

I- Effect of By-pass addition
on some properties and nu-

trient contents of the sandy

desert soil before cultivation
Table 4 shows the addition
effects of By-pass on some
properties and nutrient con-
tents of the sandy desert soil
before cultivation. Soil pH

(p<0.05) but the soluble salts

(EC.) and soluble sulfate in-

“significantly increased with

increasing the By-pass level.
Increasing NaCl concentration
results in a decrease in the soil
pH (Maji et al., 1993). More-
over, By-pass additions caused
significant increases in the
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available soil P, K Fe and Cu
(Table 4). This indicates that
By-pass is able to improve the
available soil nutritional status
of phosphorus, potassium and
some micronutrient in the
sandy soils because the By-
pass contains available levels
of these nutrients. It is obvious
that the best addition level of
By-pass to these sandy desert
soils is 7.5 % (35.63 kg/plot).
Cement kiln dust {CKD) con-
tains alkali salts derived from
the clay raw materials, which

include potassium and sodium
feldspars. The enriched level
of soluble potassium sulfates
in alkali rich cement kiln dust
(CKD) makes such dust a
promising raw material for the
extraction of potash or its
soluble salts (Daous., 2002).
Hassanien et al. (2010) re-
ported that the addition of By-
pass to the sandy soil in-
creased the soil available
micronutrients such as Fe, Mn,
Zn and Cu.

Table (4): Effect of By-pass addition on some properties and
nutrient contents of the studied soil before cultivation

Treatment Soluble Availabl! Available
of cement (f.I:} (dESg;') SO, ::;7:‘1;) e P K DTPA-extractable (mg/kg)
By-pass | (mmol/L) (mgfkg)| (mg/kg) | Fe | Mn | Zn | Cu
Control 8.522 | 0.815 1.968 87.325 | 4297 | 22745 |6.375| 1.413 [1.290/0.478
5% 8.510 | 0.752 4,927 95818 | 6.490 | 34.227 |10.060| 1.495 {1.195{0.477
Yo 8352 | 1.178 7.453 103.543 | 7273 | 47.383 |13.3484 1.543 |1.22310.513
7.5 % 8237 { 1.818 4 10.720 98.775 | 7.633 | 62513 (16973 1.765 [1.3100.588
LSD 05 0.19 n.s n.s n.s 0.90 10.97 3.27 n.s n.s |0.06

Control= 0 By-pass, 2.5 % =23.81 kg By-pass/plot,
5 % = 47.62 kg By-pass /plot and 7.5 % = 71.43 kg By-pass /plot

1I- Effects of By-pass addition
with farm yard manure (FYM)
on some properties and nutri-
ent contents of the sandy de-
sert soil after cultivation.

1. By-pass effects

The addition of By-pass to the
sandy desert soil showed no
effects on the soil pH, a sig-
nificantly decrease in the
soluble SQ4 and a significant
increase in the EC, (Table 5).
Adding By-pass at 7.5% level

is considered the best addition
level to the sandy desert soils.

The application of By-
pass to the sandy desert soil
resulted in significant in-
creases in the available soil P,
K, Fe and Cu (Table 5 and
Figures 1 and 2). However,
By-pass addition showed no
significant effects on the total
soil N as well as available soil
Mnand Zn.
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Table (5): Effect of By-pass addition on some properties and nutrient
contents of the sandy desert soil after cultivation

Concentration of DTPA-Cu (mg/kg)

i

=
2

Control

2.50%

Treatment of cement By-pass

5%

7.50%

Fig. (1): Effect of By-pass on the available soil P, K
Fig. (2): Effect of By-pass on the available soil Cu and Fe
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Treatment) | o~ Soluble | Tota! |Available/Available! DTPA-extractable
of cement (t; K dS/l;l) SO, N P K (mg/kg)
By-pass ) (mmolV/L){mg/kgX (mg/kg) | (mg/kg) | Fe Mnl Zn ; Cu
WControl  |8.3950.270] 0.803 [202.488 33.002 34938 15.9922.3281.6670.522
2.5 % $.3270.272 | 0.542 [226.695 37.612 43462 {8.38512.345)1.5200.470
5 % 393 0307 0.697 [171.112 30.230 56.777 [12.3382.3281.46710.522
7.5 % 8.30000.352 0.717 i191.462) 43.702 78.362 116.9252.733]1.6700.663
1.SD ges | n.s |0.051] 0.163 | ns 8.089 | 13.638 [1.8406| n.s | n.s 0.061
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2. FYM effects

The addition of FYM
to the sandy soil caused highly
significant and significant in-
creases in the EC, and soluble
SO,", respectively, as well as
a significant decrease in the
soil pH (Table 6). Ali (2008)
found that the application of
different organic materials to
sandy calcareous soils signifi-
cantly decreased the soil pH
but FYM additions resulted in
a significant increase in the
EC..

Total N and available
P, Mn and Zn in the soil
highly significantly increased
as well as available K and Cu
in the soil significantly in-
creased but available Fe in the

soil insignificantly increased
with FYM addition (Table 6).
The addition of manure de-
creases both P adsorption and
phosphate potential while it
increases both available P
(Bahl and Toor, 2002) and na-
tive P mobilization (Toor and
Bahl,, 1997). Amin (2008)
reported that the correlation
coefficients of both DTPA-Mn
and Zn-DTPA with the or-
ganic matter content of some
Assiut soils were positively
significant. Moreover, organic
matter addition to the soil in-
creases the solubility of Zn
due to the formation of soluble
organo-metallic complexes
(Almas et al., 2000).

Table (6): Effect of FYM addition on some properties and nutri-
ents of the sandy desert soil after cultivation

rreat] ol | EC. | Soluble | Total | Avail- | Avail- | DTPA-extractable
ent (11’,1) ashuy, S0¢ | N |ableP ableK (mg/kg)
’ {mmol/L)}(m m Wmg/kg) Fe |Mn| Zn | Cu
With-
out (8.5860.273| 0.509 [81.063] 9.317 {39.460 [10.401{1.483[1.176/0.444
FYM
“;‘I 8.167/0.327| 0.870 [314.815/62.956|67.309 [11.4193.3841.98600.644
k‘ * % % % * *k %% * n.s * %k L *
value .

3. Interaction effects of By-
pass and FYM

The interaction effect of By-
pass and FYM application on
the soil pH was negatively
significant (Table 7). Adding

By-pass at a level of 7.5 %
significantly decreased the pH
of the sandy desert soil from
8.65 to 8.13 with farm yard
manure addition at a level of 4
ton/feddan. The combined ap-
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plication of By-pass and FYM
caused insignificant increases
in the EC. (Table 7). More-
over, the interaction effect of
By-pass and FYM application
on soluble SO; showed sig-
nificant increases (Table 7),
because organic matter con-
tains sulfur.

The interaction effect
of By-pass and FYM applica-
tion gave significant increases
in the total soil N as well as
available soil K and Cu but
insignificant increases in the
available soil P, Fe, Mn and
Zn (Table 7).

Table (7): Interaction effects of By-pass and FYM on some properties
and nutrient contents of the sandy desert soil after cultivation

B H | EC Soluble | Total |Available |Available DTPA-extractable
FYM | V" (';,]) dSmy| SO« | N P K (mg/kg)
pass i (mmol/L}(mg/kg) | (mg/kg) | (mg/kg) | Fe Mn |Zn | Cu
Con-g (2110240 | 0443 |62673 | 7.047 | 2680 5480 1.39311.207)) 497
trol [ )
With- 02/-5 8.403{0270 | 0590 [83.107 | 7.703 | 2.820 [7.697 |1.400(1.133 |y 357
out | A
FYM|5 % [.660(0-280 | 0490 91280 [ 9.570 | 2743 12.793{1.5571.143 |y 433
2-5 ‘8.647 0300 | 0.513 |[87.193 | 12.947 2913 15.633(1.5831.220) 519
Yo A
Mean 18.586 0.273 | 0.509 |81.063 9317 2.789 10.401( 1.483/ 1.176 0.44
CO;l-lg_lﬂ 0300 | 1.163 [342.303| 58957 | 2750 [6.503 3.263 |3 127 [0.567
tro ' ]
With |5, [B250|0273 | o493 PT0283 g7520 | 2933 |9.073 3290 907)0.583
FYM 59, 18127 0.333 0.903 250.943 50.890 3.037 |11.883 |3‘100 1.790 0.610
;-5 2 1330403 | 0920 [295.730| 74457 | 3373 li8.217[3.883 2.120/0.817
g ]
Mean ?.167 0.327 | 0.870 [314.815( 62.956 3.023 11.419 3.384| 1.986 0.644
| LSD s B.153} ns 0.231 ]64.701 n.s n.s ns | ns| ns |0.087

II1. Effects of By-pass addi-
tion with FYM on yield and
nutrient contents of alfalfa
plants.

1.By-pass effects

The results obtained in this
experiment showed significant
increases in the total green
yield and total dry matter of

alfalfa plants with By-pass
addition (Table 8 and Figures
3 and 4). The application of
By-pass at 7.5 % level to the
sandy soils caused increases
about of 121.4 and 106.2 % in
the total green yield and total
dry matter, respectively, of
alfalfa plants compared to the
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control. The increases in the
green yield and total dry mat-
ter of alfalfa plants could be
because the By-pass is nich in
P, K, Fe and Cu. The addition
of By-pass to the sandy soil
also increased the available
soil micronutrients such as Fe,
Mn, Zn and Cu (Hassanien et
al. 2010).

The contents of N, P, Fe and
Zn of alfalfa plants did not

have significant effects with
By-pass addition, while plant
K, Mn and Cu showed signifi-
cant increases with By-pass
addition levels (Table 8). It is
important to apply nitrogen
{N), sulfur (S), potassium (K)
and phosphorus (P) to insure
adequate alfalfa yield and
quality (Koenig, 2002).

Table (8): Effect of By-pass addition on the total green yield,

total dry matter

and nutrient contents of alfalfa plants.

T Total Nutrient contents in alfalfa plant
reatment Total
of cement gl;:f; dryyield N | P | k Fe Mn Zn J( Cu
By-pass | o EOWIed ) (%) | (%) | %) (me/kglme/kg)(me/kgXme/ke)
Contrel 3.852 | 0.898 [(3.28710.2582.715214.212|37.440|27.190| 9.252
2.5 % 5672 | 1.272 [.1400.2622.877211.690{39.358|29.732| 8.773
5 Yo 5.468 | 1.267 3.1570.2682.890206.147 31.440|26.313 | 10.482
7.5 % 8.530 | 1.852 3.2000.3003.143[234.210(38.752|28.585| 13.958
ILSD o5 0535 | 0126 {ns | ns 0177 ns | 5255 ns | 3433
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Fig. (3): Effect of By-pass on th e total green yield
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2. FYM effects

Total green yield and total
dry matter of alfalfa plants
significantly increased with
FYM addition (Table 9 and
Figure.5). The addition of
FYM caused the total green
yield and total dry matter to
increase about 44.8 and 26.6
%, respectively, compared
without FYM addition. Or-
ganic matter contributes to
plant growth through its ef-
fects on the physical, chemical
and biological properties of
the soil. It has a nutritional
function in that it serves as a
source of N, P, S and other
nutrients for plant growth, a
biological function when it
profoundly affects the activi-
ties of microflora and micro-

faunal organisms, and a physi-
cal function in that it promotes
good soil structure, thereby
improving tillage, aeration,
and retention of moisture
(Bohn et al., 2001; Stevenson,
1982).

Content of N, P and Mn in
alfalfa plants significantly in-
creased but contents of K, Fe,
Zn and Cu in alfalfa plants
insignificantly increased with
FYM addition (Table 9). The
addition of FYM to sandy cal-
careous soils caused signifi-
cantly increases the uptake of
N and P in wheat plants (Alj,
2008). Ottman et al. (2000)
reported that the total plant P
was not affected by the ap-
plied P fertilizer form or
method to alfalfa plants.

Table (9): Effect of FYM addition on the total green yield, total
dry matter and nutrient contents of alfalfa plants.

Total Total Nutrient contents in alfalfa plant
Treatment 5’;::; dryyield N : P | k Fe Mn Za Cu

oo fton/Ted } (%) | (%) | (%) (me/keYme/keNme/keKme/ke)
Fg‘,‘;’“‘ 4.804 | 1.167 B.1230.2320.789215.32529.472|30.804 | 9.918
With FYM| 6.957 | 1.478 3.2690.3133.023217.804) 44.023 | 25.106 | 11315
F e * * * * lns| ns * n.s n.s
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Total yield (ton/fed.)

i Without FYM

With FYM

Treatment

{:; 0 Total green yield (ton/ﬁé&.) | B Total dry matter (torv/fed.) |

Fig. (5): Effect of FYM on total green yield and total dry matter

of alfalfa plants

3. Interaction effects of By-
pass and FYM

The interaction effect of By-
pass and FYM resulted in sig-
nificant increases of 44.8 and
26.6 % in the total green yield
and total dry matter of alfalfa
plants, respectively, compared
with treatments of By-pass
without FYM. The best appli-
cation level of By-pass to the
sandy desert soill was 7.5 %
with applying FYM. The
highest total green yield and
total dry matter of alfalfa
(11.02 and 2.24 ton/fed., re-
spectively) were obtained with

applying FYM and By-pass at
7.5 % level. By-pass and FYM
materials contain some nutri-
ents for growing alfaifa plants
(Table 10 and Figure 6). Has-
sanien et al. (2010) found that
the addition of By-pass with
organic manure was more ef-
fective in enhancing sorghum
growth.

High yields of hay require
good fertility. The interaction
effect of By-pass and FYM
application was significant for
alfalfa Fe. Adding By-pass at
2.5 % level increased alfalfa
Fe from 185.1 to 238.3 mg/kg
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“with applying FYM at 4 due to the interaction effects
ton/fed. Other nutrients insig- of By-pass and FYM (Table
nificantly increased in the soil 10).

Table (10): Interaction effects of By-pass and FYM on the total green
ield, total dry matter and nutrient contents of alfalfa plants.

| ML; Total Total Nutrient contents in alfalfa plant
FYMBy-pasy SCEY ldryyield N [P [ K | Fe l Mn | Zn )L Cu
(ton/fed.)tOVIed) (%) | (%) | (%) (mg/kgXme/kg)(me/kglme/ke)

IControl 4.787 | 1.163 B.2100.2272.680213.753{28.170129.67G| 9.210
Without| 2.5 % | 5.007 | 1.223 B.0530.2072.820{185.087/30.420 |31.670| 9.003
FYM | 5% | 3380 | 0.813 [3.17300.24002.7431212.543| 28.087 [ 29.583 | 9.837
7.5% | 6.043 1.467 (3.0530.25302.9131249.517{31.210}32.293 [ 11.620

Mean 4.804 | 1.167 [3.1230.2322.789215.325/29.472 : 30.804 | 9.918
Control 2.917 | 0.633 [3.36300.2902.7501214.670 46.710{ 24.710| 9.293
With | 2.5% | 6.337 1.320 [3.2270.3172.933[238.293{ 48.297 1 27.793 | 8.543
FYM | 5% | 7.557 1.720 B.1400.2973.0371199.750{ 34.793 1 23.043 | 11.127
75% | 11.017 | 2.237 [3.3470.3473.373[218.503| 46.293 [ 24.877 | 16.297

Mean 6.957 | 1.478 3.2690.3133.023234.210/44.023 | 25.106 | 11.315

LSD 4.5 {.756218/0.178731; n.s l ns | ns {34065 ns n.s n.s

8
7 k
- G
I
g
% 4
- 3
E
1
0 L
By-pass without FYM By-pass with FYM
Treatment '
i @ T otal green yield (ton/fed.) 0 Total dry yield (ton/fed.) :

Figure (6): Interaction effects of By-pass and FYM on the total
green yield and total dry matter
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