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Effect of Utilization of Organic and Inorganic
Nitrogen Source on the Potato Shoots Dry
Matter, Leaf Area Index and Plant Height,

During Middle Stage of Growth
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Abstract—Cattle manure and mineral fertilizers are two source
of Nitrogen, which can affect the growth and quantity of potato. In
this research the effects of the use of cattle manure (5, 10, 15 and 20
ton ha™), Nitrogen fertilizer (50, 100 and 150 kg N ha™) and their
interaction on potato growth  were evaluated during field
experiments in 2008 with the help of Randomized Complete Block
(RCB) with the factorial arrangement of three experimental
replications in Iran. At the 75 ™ day after emergence, dry weight of
Shoots, leaf area index (LAI) and plant height were recorded. Results
showed that, dry weight of Shoots, LAI and plant height increased
linearly and very significantly in response to the application of
manure and Nitrogen fertilizer. While the interaction between
manure and Nitrogen fertilizer just on the LAI and plant height was
significant, somehow the maximum amount of plant height( 73 cm)
was obtained by using 150 kg Nitrogen + 15 tons of manure per
hectare, and maximum LAl ( 5.36) was obtained by using 150 kg
Nitrogen + 20 tons of manure per hectare. Also in this experiment
maximum tuber yield (36.8 tons ha™) was obtained by the utilization
of 150 kg Nitrogen per hectare + 20 tons manure.

Keywords—Solanum tuberosum, LAl, cattle manure, mineral
fertilizer, integrated management.

l. INTRODUCTION

IMITATION of Nitrogen can considerably reduce the

growth of potato plant and the tuber yield. So that, for
beneficial growth and maximum tuber yield, Nitrogen must be
added in organic or inorganic form [16], [1], [2], [8], [30],
[13]. Mineral Nitrogen fertilization can increase shoots
weight, leaf area, plant height and subsequently total yield [9],
[29], [20], [7]. [271, [21], [28], [35], [18], [34]. While, the
application of excessive Nitrogen leads to immoderate growth.
This effect can encourage competition between the source and
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sink, delayed maturity and subsequently can reduce the tuber
yield [14], [18]. Also, excess Nitrogen has a negative effect on
tuber quality and the environment [4], [13], [24].

These negative effects of chemical fertilizers have led
nutrients management to the use of other Nitrogen sources,
including organic fertilizers [22], [1], [5]. Organic fertilizers
such as cattle manure, contain large amount of nutrients and
influences plant growth and production via improving
chemical, physical and biological fertility [31], [6], [3], [12].
Other researches showed that, LAI, shoots weight, plant
height and tuber yield can be increased by application organic
fertilization [25], [1], [2], But just a small amount of cattle-
manure nutrients are initially available for plants use; thus it is
required to application both Nitrogen fertilizers and cattle
manure for optimum growth and maximum yields [19], [17],
[32].

The purpose of this investigation was to determine changes
in shoots dry matter, LAI, plant height ( at the75"™ Day after
emergence) and total tuber yield ( at the harvest) in Agria
potato by the supply of Nitrogen fertilizer, cattle manure and
the integrated management of both in Iran.

Il. MATERIALS AND METHODS

The field experiment was laid out in the factorial
arrangement based on Randomized Complete Block Design
(RCBD) with three replications in April 2008 at the
Agricultural Experiment Station of Azad University, Rudehen
Branch, Tehran, Iran (35° 48” N altitude, 52° 5’ E longitude
and altitude of 1880 m above the sea level). The experimental
soil was a clay loam with 1.95% organic carbon and pH 7.9.
The P,0s (available), K,O (available), total Nitrogen, Mn, Fe,
Zn and Cu contents were 25.2 ppm, 490 ppm, 0.167%, 11 mg
kg, 2.6 mg kg™, 1.1 mg kg™ and 0.8 mg kg™, respectively
(March, 2008). Treatments consisted of Nitrogen fertilizer of
urea source in three levels (50, 100 and 150 Kg ha™) and
cattle manure in four levels (5, 10, 15 and 20 tons ha™).
Nitrogen fertilizer was supplied during three phases: planting,
emergence and earting up. Cattle manure was analyzed before
application and its entire rate was applied before plantation
(Table 1). Tuber seeds (Potatoes of Agria variety) were
planted in the furrows of four rows with the depth of 15 cm,
the intra-row spacing of 25 cm, and the inter-row spacing of
75 cm, on 28 April 2008.
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TABLE |
Some Properties of the Manure Samples Used in the present Study.

Parameters Cow manure
Organic carbon (%) 46.2
C: N (%) 22.91
Total Nitrogen (%) 2.016
Total P (%) 0.72
Total K (%) 2.8
Total Mg (%) 1.2
Total Ca (%) 35
Total elemental content (mg kg™)

Fe 185.3
Mn 150
Cu 17.4
Zn 144.6

Observations on growth parameters, including dry weight
of Shoots, LAI and plant height were recorded from three
randomly selected potato plants from each plot at 75 DAE
(day after emergence). Tubers were harvested on 31* October,
2008. After harvesting, the total tuber yield was determined
for each plot (2 m length of the two middle rows, excluding
0.5 m from each end of plots).

Analysis of Variance (ANOVA) was performed using the
General Linear Model (GLM) procedure of SAS (SAS
Institute, 1996; Version: 6.12, SAS Institute Inc. Cary, NC,
USA). Regressions and graphs for cattle manure and Nitrogen
fertilizer were obtained by using Prism 5 for Windows
(GraphPad Software, 2007; Graph Pad Software Inc. San
Diego, CA). For the determination of interaction between
Nitrogen fertilizer and cattle manure, the means were
compared using Duncan’s Multiple Range Test (P < 0.05).

I1l. RESULT AND DISCUSSION

Shoots dry matter, LAI and plant height showed highly
significant differences in relation to the rate of Nitrogen
fertilizer (Table 1) as they increased significantly and linearly
with increasing the Nitrogen rate using different
concentrations: 0.1656 g per plant, 0.00089, 0.00239 cm,
per unit increase of Nitrogen fertilizer, respectively ( Fig 1).
The fact that, increased concentration of Nitrogen fertilizer
can increase the Nitrogen uptake. This increase has a positive
effect on the chlorophyll concentration, the photosynthetic
rates, the leaf expansion, the total number of leave and the dry
matter accumulation. Consequently Nitrogen fertilizer plays
an important role in canopy development especially on the
shoots dry matter, the LAI and the plant height . [26], [10],
[28] [1], [23], [15], [33].
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Fig. 1. Shoots dry matter (a), Leaf Area Index (b) and Plant height
(c) as a function of Nitrogen fertilizer ( at the 75" day after
emergence).

Shoots dry matter, LAI and plant height showed highly
significant differences in the presence of cattle manure rate as
well (Table I1). Fig 2 shows that the Shoots dry matter, LAI
and plant height demonstrated an increase (1.363 g per plant,
0.01186 and 1.201 cm) per unit increase of manure,
respectively. Cattle manure applied in this experiment had
high Nitrogen content, thus this characteristics increased by
the application of manure (Table I). In addition, take up the
other nutrients is necessary for plant growth and deficient
tissue mineral content, limit potential growth Therefore,
manure plays a consequential role in increasing these
characteristics by supplying a fraction of these nutrients and
improvement the solubility of some elements [17], [11], [30].
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Fig. 2. Shoots dry matter (a), Leaf Area Index (b) and Plant height
(c) as a function of Cattle manure ( at the 75" day after emergence).

In this experiment, the combined effect of cattle manure
and Nitrogen fertilizer just on the LAI and plant height was
significant (Table Il). Results nearly showed that they
increased by increasing the integrated use of cattle manure and
Nitrogen fertilizer (Table II1), which can be caused by the
profitable effect of Nitrogen and manure on the growth as
mentioned above. In this experiment maximum amount of
plant height (73 cm) was obtained by using 150 kg Nitrogen +
15 tons of manure per hectare. While, maximum LAl (5.36)
was obtained by using 150 kg Nitrogen + 20 tons of manure
per hectare.

During the present study, Nitrogen fertilizer, cattle manure
and their interaction had a highly significant effect on tuber
yield (Table I1), and maximum tuber yield (36.8 tons ha™) was
obtained by the utilization of 150 kg Nitrogen + 20 tons
manure per hectare. These results are justified with the results
of shoots. Especially with LAI, because the increase in LAI
can be increased radiation absorption, And radiation

absorption, (particularly at the time of tuber initiation) have a
positive effect on the final tuber yield [30]. Abou-Hussein et
al .(2003a) Expressed that increase of the soil nutrients can
encourage the increase haulm growth which increases the
photosynthetic rates and assimilation rates. So that yield
components and total yield increase.

TABLE Il
ANALYSIS OF VARIANCE FOR LEAF AREA INDEX, SHOOTS DRY WEIGHT, PLANT
HEIGHT ( AT THE 75™ AFTER EMERGENCE) AND TOTAL TUBER YIELD (AT THE

HARVEST)
Source of df Leaf area  Shoots dry Plant Total tubers
variation index weight height Yield
Nitrogen 2 507077 823.2046"  521.0629"  235.9143"
fertilizer (N)
Cattle 3 528767  712.2123"  558.2207"  204.1433"
manure (C)
NxC 6 0.7291" 46.8979™ 156.4943"  85.3666"
ErrorMean 5, 42626 19.8074 545864  18.1949
Square
cVv 13.85 10.15 13.57 13.57

**P<N N1° *P<N NR" n: = nnt <innificant

TABLE Il
EFFECT OF INTERACTION BETWEEN CATTLE MANURE AND NITROGEN ON LEAF
AREA INDEX AND PLANT HEIGHT ON THE 75" DAT AFTER EMERGENCE

Cattle Nitrogen
manure fertilizr Leaf area index Plant height
(Ton ha?) (kg ha™) (cm)
50 2.825d 45 de
5 100 2.762d 46.7de
150 3.015 cd 44 de
50 2.628d 45 de
10 100 3.182 cd 55.5 cde
150 4.143 b 57.3 bed
50 2.726 d 42e
15 100 4.598 ab 51.7de
150 4.766 ab 73a
50 3.916 bc 60.6 abc
20 100 4.506 ab 61.3 abc
150 5.360 a 70.8 ab

Values in a column with the same letter were not statistically different at
p=<0.05 by Duncan test.
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