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Abstract

Utility of lucerne crop fertilization with nitrogen fertilizer has been discussed in literature with controversy. In this
study experiment was conducted to determine the effect of mineral nitrogen at the doses of 40, 80, 120 and 160 mg N/kg on
some characteristics of lucerne under induced water deficiency stress at the stage of budding in a pot trial. It was found that
mineral nitrogen at the doses of 120 and 160 mg N/kg soil increased the productivity of dry top mass by 17 and 23% in
conditions of optimum moisture, and by 9% in conditions of water deficiency stress at the dose of 80 mg N/kg soil.
Application of mineral nitrogen at the dose of 120 and 160 mg N/kg soil increased the quantity of dry root mass by 43 and
38% for the conditions of optimum moisture, and by 54-56% for conditions of water deficiency stress. Mineral nitrogen
fertilizing at the dose of 40 mg N/kg soil had the lowest suppressive effect on the nodulation (11%). The dose of 160 mg
N/kg soil was found to be toxic to nodulation. The dose of 80 mg N/kg soil, at which the crop had the lowest sensitivity to

water deficiency stress, was optimal for lucerne development.

Introduction

The question whether lucerne as a nitrogen-fixing
crop needs additional application of nitrogen and what
kind and quantity of nitrogen or will rely only on that
obtained from nitrogen fixation, is debatable in literature
(Oliveira et al., 2004). Lucerne has the ability to utilize
significantly more nitrogen than other legumes through its
deep rooting characteristics (Jarvis, 2005). Tufenkeci et al.
(2006) reported positive effect of nitrogen fertilization on
lucerne growth. This crop has a longer duration of active
vegetative growth and needs frequent irrigations than
other forage crops (Solanki & Patel, 2000). The question
of application of nitrogen fertilizers stands more sharply
in conditions of water deficiency stress, which is a typical
phenomenon of the Bulgarian agriculture. Although
lucerne is more tolerant than most of forage legumes, its
dry mass productivity, as well as other characteristics are
influenced negatively by the water deficiency stress,
particularly in the year of establishment (Frame et al.,
1998; Humphries & Auricht, 2001; Zahran, 1999, 2001).
Decreased capacity of lucerne plants to obtain nutrients
and nitrogen from soil makes them more dependent on
fertilizer nitrogen than on that fixed by nodules (Sidiras et
al., 1999). Moreover mineral nitrogen lessens the
sensitivity of lucerne to water deficiency stress (Lodeiro
et al., 2000; Radeva 1991; Zahran, 1999, 2001). In our
previous studies we have reported the effect of mineral
nitrogen on seed production of lucerne (Vasileva, 2008;
2010) and effect of mineral nitrogen and manure of the
development of lucerne (Vasileva et al., 2006). The
objective of this study was to investigate the effect of
mineral nitrogen fertilization on some characteristics in
lucerne grown for forage under induced water deficiency
stress at the stage of budding.

Material and Methods

The experiment was carried out in the Institute of
Forage Crops, Pleven Bulgaria (2003-2004) on lucerne
(Medicago sativa L.) variety Victoria in pots. Pots of 10 L
capacity and soil subtype of leached chernozem were

used. Sowing was conducted by hand at a depth of 2-3 cm
with a number of about 20 viable seeds. After emergence,
4 well developed plants per pot were left and excess were
removed. The following variants were tested with 4
replications: Under optimum water supply (75-80%
WHC): 1. Control 1- unfertilized- (C1); 2. Soil + 40 mg N
kg/soil (N40); 3. Soil + 80 mg N kg/soil (N80); 4. Soil +
120 mg N kg/soil (N120); 5. Soil + 160 mg N kg/soil
(N160). In another similar set plants were kept under 10-
day water deficiency stress at the stage of budding (37-
40% WHC) by interrupting the irrigation until reduction
of soil moisture down to 37-40% WHC. Mineral nitrogen
was applied as ammonium nitrate (g) equivalent to the
above mentioned doses. Triple super phosphate and
potassium chloride at 1.1 g each were applied as a
background. Two cuts (after 80 days intervals) for forage
were harvested to analyze the effect of nitrogen
fertilization on lucerne.

Productivity of dry top mass was recorded by drying
to constant temperature at 60°C. After washing of the root
system of plants in laboratory conditions, the quantity of
dry root mass was recorded (drying at 60°C), as well as
the nodulation- by counting and determination of nodule
number per plant (Somesagaron & Hoben, 1991). Efficacy
of nitrogen fertilizing was calculated according to
formulae of Bowen & Zapata (1991). The crop sensitivity
index of lucerne to water deficiency stress (CSI) was
determined according to the formula of Dimitrova &
Mehandzhieva (1990) and Hiller & Clark (1971).
Averaged data from the two cuts during the two
experimental years were statistically analyzed using
SPSS10.0 computer program.

Results and Discussion

Under optimum moisture, the mineral nitrogen
increased the productivity of dry top mass in first cut, the
increase being by 12 and 13% in variants with fertilizing
at the doses of 40 and 80 mg N/kg soil, and by 32 and
34% in those with 120 and 160 mg N/kg soil (Table 1). In
second cut, significant increases in top dry mass was
recorded as compared to unfertilized, the increases at the



2926

higher tested doses (120 and 160 mg N/kg soil) were
found 9 and 17%, respectively. On average for the two
cuts, the productivity of dry top mass increased by 5-6%
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at the doses of 40 and 80 mg N/kg soil, and by 17 and

23% at the doses of 120 and 160 mg N/kg soil (Table 1).

Table 1. Dry mass productivity of lucerne, grown for forage under increasing
doses of mineral nitrogen.

Variants First cut Second cut Average -, Decrease

g/pot %

Optimum moisture (75-80% WHC)
Control 1 PK 11.9 19.2 15.6 -
N40PK 13.3 194 16.4 -
N8OPK 13.5 19.5 16.5 -
N120PK 15.7 20.9 18.3 -
N160PK 16.0 224 19.2 -
SE (p=0.05) 0.77 0.60 0.66
Water deficiency stress (37-40% WHC)

Control 2 PK 8.5 17.6 13.0 16
N40PK 8.5 18.2 13.3 18
N8OPK 9.8 18.6 14.2 14
NI120PK 6.9 19.9 134 27
N160PK 5.4 19.3 12.3 36
SE (p=0.05) 0.76 0.4 0.30

Nao 80,120,160 Mg N kg/soil; N applied as an ammonium nitrate, P as a triple super phosphate; K as a potassium chloride

The application of mineral nitrogen in conditions of
water deficiency stress decreased the productivity of dry
top mass by 19 and 36% for doses of 120 and 160 mg
N/kg soil. At the low tested dose no difference was
observed, while at the dose of 80 mg N/kg soil, the dry
top mass was 15% greater (Table 1). In second cut the
quantity of dry top mass increased by 4 to 13%. The data
obtained on average for the two cuts showed that the
application of mineral nitrogen did not exert significant
influence on the productivity of dry top mass, while the
dose of 80 mg N/kg soil increase upto 9%. The induced
water deficiency stress decreased considerably the values
of that parameter in both cuts. In first cut- 27 to 66% at
the doses of 80 and 160 mg N/kg soil, and to a smaller
extent, by 5 to 14%, in the second cut.

The application of mineral nitrogen exerted a stronger
influence on the quantity of dry root mass. The doses of
80 and 160 mg N/kg soil increased the root dry mass by
44 and 61%, and in second cut, by 30 and 47% at the dose
of 160 and 120 mg N/kg soil (Table 2). On average for the
two cuts, the increase as against the unfertilized control
was by 23% at the doses of 40 and 80 mg N/kg soil, and
by 38 and 43% at the doses of 160 and 120 mg N/kg soil.
In conditions of water deficiency stress, the application of
mineral nitrogen increased the productivity of dry root
mass in both cuts. In first cut, it was up to 57% for dose of
80 mg N/kg soil, in second cut up to 59% for dose of 120
mg N/kg soil.

Table 2. Dry root mass productivity of lucerne, grown for forage under increasing
doses of mineral nitrogen.

Variants First cut Second cut Average -, Decrease

g/pot %

Optimum moisture (75-80% WHC)
Controll PK 4.89 13.5 9.2 -
N40PK 5.79 16.8 11.3 -
N8OPK 7.06 15.6 11.3 -
N120PK 6.50 19.8 13.2 -
N160PK 7.85 17.6 12.7 -
SE (p=0.05) 0.5 1.04 0.69
Water deficiency stress (37-40% WHC)

Control2 PK 4.28 9.1 6.7 27
N40PK 5.35 12.6 9.0 21
N8OPK 6.74 13.9 10.3 9
N120PK 6.38 14.5 10.5 21
N160PK 6.64 12.3 9.5 26
SE (p=0.05) 0.46 0.91 0.68

Legend as shown in Table 1
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Previous studies reported that nitrate form of nitrogen
inhibited the nodule development, as compared to the
ammonium, but at doses over 140 mg N/kg soil completely
inhibited the nodule formation (Athar & Johnson, 1996a, b;
Vasileva, 2008, 2010). In this study increase level of
mineral nitrogen suppressed the nodulation (Table 3). In
first cut, at optimum moisture and at doses of 80 and 120
mg N/kg soil, the decrease was by 66 and 82%, and at the
highest experimental dose there was no nodulation. In
second cut, the same tendency was observed and the
decrease was 52 to 54%. In conditions of water deficiency
stress the application of mineral nitrogen also suppressed
the nodulation with increase of the tested doses (Table 3).
The water deficiency stress decreased the nodule number in
first cut by 39% at the dose of 80 mg N/kg soil, and in
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second cut, by 38% at the dose of 120 mg N/kg soil.

The data on nodule number on average for the two
cuts (Fig. 1) and under the two types of moisture showed
that with increase of the doses of nitrogen fertilizing, the
percentage of nodule formation decreased. Under water
deficiency stress nitrogen decreased the nodulation by 11,
25 and 37% at the doses of 40, 80 and 120 mg N kg soil,
respectively. Lucerne is high yielding fodder crop, but
drought determines to a great extent the quality of lucerne
in arid and semi arid regions. The application of organic
nitrogen showed to overcome depressive effect of water
deficiency with regards to forage production, root dry
mass (Vasileva & Kostov, 2002) although it suppressed
the nodulation.

Table 3. Nodulation of lucerne, grown for forage under increasing
doses of mineral nitrogen.

Variants

First cut

Second cut

Nodule number/pot

Optimum moisture (75-80% WHC)

Control 1 PK 202
N40PK 142
N8OPK 69
N120PK 37
N160PK 0

SE (p=0.05) 36.4

336
180
160
154
0
533

Water deficiency stress (37-40% WHC)

Control 2 PK 133
N40PK 121
N8OPK 42-68
N120PK 25-82
N160PK 0
SE (p=0.05) 26.5

317
166
131
96
0
51.7

Legend as shown in Table 1

Table 4. Efficacy of soil-plant system under increasing doses of mineral
nitrogen (lucerne, grown for forage).

Variants

N use efficacy
(an agronomic parameter)®

Crops sensitivity index (a
stress parameter)®

Optimum moisture (75-80% WHC)

Control 1 PK -

N40PK 818
N8OPK 412
NI120PK 305
N160PK 240
SE (p=0.05) 130

Water deficiency stress (37-40% WHC)

Control 2 PK -

N40PK 667
NSOPK 355
N120PK 223
N160PK 154
SE (p=0.05) 114

0.162
0.184
0.140
0.268
0.358
0.004

2 mg harvested top mass/mg N applied; °, CSI= (g top mass productivity under optimum moisture content- g top
mass productivity under water deficiency stress)/g top mass productivity under optimum moisture content
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Fig. 1. Nodulation of lucerne, grown for forage (average for two cuts). 1. Optimum moisture. 2. Water deficiency stress.
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