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ABSTRACT

A comparative study on the effect of chemical fertilizers and bio-fertilizers was
done on growth and biochemical parametersin cucumber plant (Cucumis sativus).
An experiment was conducted in Randomized Completely Blocks Design
(RCBD) withfour replicates. Thetreatment were (T1 = Control, T2 =Bio-fertilizer,
T3 = Chemical and T4 = Combination treatment (biofertilizer and 1/2 chemical))
at Agricultural Technical Institute of Bakrajo, Sulaymania, Iraq during 2014. The
bio-fertilizer used in this study was Azoto barwarl and chemical fertilizer was
urea. The material consisted of one cultivar of cucumber sayfe species. Theresults
indicated that thereweresignificant difference between the application bio-fertilizer
and chemical fertilizer for yield and yield component traits. Comparison means
were conducted by Duncan method. This study indicated that a combination
treatment of bio-fertilizer and chemical fertilizer had significant effect and
increased theyield and growth traits of cucumber. The correlation analysis showed
that the strongest positive rel ationship was between fruit yield and total fruit weight
per plant (r = 0.89). Theresults of regression analysis by stepwise method for fruit
yieldin cucumber indicated that individual fruit weigh can justify 50.9% of thefruit
yield variation. According to thisstudy using bio-fertilizershasincreased yield and
yield component of cucumber significantly.

Key words: Bio-fertilizers, chemical fertilizers, compare means, correlation,
cucumber, regression analysis

INTRODUCTION

Cucumber (Cucumis sativus) isawidely cultivated plant
in the gourd family Cucurbitaceae is an agricultural crop that
is has demanded &l around the year (Peyvast, 2009).
Cucumber (Cucumis sativus L.) is one of the most important
vegetablecropsin Kurdistan and Irag, it isawarm season crop
with required growing conditions of 26-30°C and plenty of
sunlight has been commonly cultivated in Iraq during the
summer and fall as well as in low tunnels and plastic and
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greenhouses (Matlob et al., 1989). In the last century,
chemical fertilizers were used in agriculture. Farmers were
happy of getting increased yield in agriculture in the
beginning. Biofertilizersis alarge population of a specific or
a group of beneficial microorganisms for enhancing the
productivity of soil. In recent decades the use of chemical
fertilizers has been acommon practice, whereasbio-fertilizers
were neglected but nowadays by reason of irregular
application of chemical fertilizers and their detrimental
effects on human and soil health a lot of emphasisisbeing
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paid and organismsto provide nutrition requirement of plants
(Astarai and Kochaki, 1996). A lot of emphasisis being paid
to biofertilizers and it has emerged as one of the alternatives
to application of chemical inputsfor needsof fertilizers. Their
use in agriculture in preference to chemical fertilizers offers
economic and ecological benefitsby improving soil health and
fertility. Nitrogenisrequiredfor cellular synthesisof enzymes,
proteins, chlorophyll, DNA and RNA andisthereforerequired
for plant growth and production of food and feed. Inadequate
supply of available N frequently results in plants that have
slow growth, depressed protein levels, poor yield of low
quality andinefficient water use (Hayat et al., 2010). Whenthe
chemical fertilizers were first introduced into the agriculture
field, most of the problems faced by farmersto increase yield
of their plantation have been solved. However, chemical
fertilizers slowly started to show their side effect on human
and environment (Zakaria, 2009). Bio-fertilizers will be the
best solution to replace chemical fertilizers. They are the
carrier-based preparations containing mainly effective strains
of microorganisms in sufficient number which are useful for
nitrogen fixation. Bio-fertilizershave several advantagesover
chemical fertilizers, they are non pollutant, in-expensive,
utilizerenewableresources. In addition to their ability of using
freeavailable solar energy, al so they use atmospheric nitrogen
and water. Amongst biofertilizers, Azotobacter strainsplay a
key role in harnessing the atmospheric nitrogen through its
fixation in the roots. They have been shown aso to improve
fertility condition of the soil (Mahato et al., 2009). As shown
from the result that the bio-fertilizer in all parameter was
higher than the control, thisindicated that bio-fertilizer helped
plant growth and has been able to provide the plant with
nitrogen which is one of the most needed nutrients for plant
growth. But the lack of other nutrients such as potassium and
phosphorus make growth less than that of the growth of plants
with a chemical fertilizer (Khan et al., 2009). Chemical
fertilizers have several negative impacts on environment and
sustainable agriculture. Therefore, biofertilizers are
recommended in these conditions and growth prompting
bacteria have been used as a replacement of chemica
fertilizers (Wu et al., 2005). Growth promoting bacteria
induced increasing plant yield as clone in plants root
(Gholami et al., 2009) and they include Azotobacter,
Azospirillum and Pseudomonas (Zahir et al., 2004;
Turan et al., 2006; Banerjee et al., 2006). Biofertilizers are
becoming increasingly popular in many countries and for
many crops. They are defined as products containing active or
latent strains of soil microorganisms, either bacteria alone or
in combination with algae or fungi that increase the plant
availability and uptake of mineral nutrients (Vessey, 2003).
Biofertilizer is a natural product carrying living
microorganisms derived from the root or cultivated soil. So
they don’'t have any ill effect on soil health and environment.
Besides their role in atmospheric nitrogen fixation and
phosphorous, these also help in stimulating the plant growth
hormones providing better nutrient uptake and increased
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tolerancetowards drought and moisturestress. A small dose of
biofertilizer is sufficient to produce desirable results
because each gram of carrier of biofertilizers contains at least
10 million viable cells of a specific strain (Anandargj and
Delapierre, 2010). Biofertilizer is a substance which contains
living microorganisms which, when applied to seed, plant
surfaces, or soil, colonizestherhizosphere or theinterior of the
plant and promotes growth by increasing the supply or
availability of primary nutrientsto thehost plant. Biofertilizers
add nutrients through the natural processes of nitrogen
fixation, solubilizing phosphorusand stimul ating plant growth
through the synthesis of growth promoting substances.
Biofertilizers can be expected to reduce the use of chemical
fertilizer and pesticides. The microorganismsin biofertilizers
restore the soil’ s natural nutrient cycle and build soil organic
matter. Biofertilizers can symbiotically associate with plant
root. Involved microorganisms could readily and safely
convert complex organic material to simple compounds, so
that plant could easily utilize them. The microorganism
improves soil fertility. It maintains the natural habitat of the
soil. It has been shown that it increases crop yield by 20-30%,
replace chemical nitrogen and phosphorus by 25% in addition
to stimulating plant growth. Finally it could provide protection
against drought and some soil borne diseases. Biofertilizersin
comparisonwith chemical fertilizershave enormouseconomic
and environmental advantages. The biological fertilizers have
been shown to have a special importance as appropriate
replacement for chemical fertilizers, through to improving of
soil fertility and providing nutrition requirement of plant
(Shahdi Komalah, 2010).

The purpose of this study wasto compare different levels
of chemical and biofertilizer on growth and yield of cucumber,
also evaluate the relationship between quantitative traits of
cucumber. One of the goals was to examine morphological
traits effects on fruit yield using multivariate analysis and to
investigate the improvement of cucumber nutrition and
improvement of produce of highest yield via application of
biofertilizers so if possible to able to recommend this
fertilizers as replacement to the chemical fertilizers.

MATERIALSAND METHODS

Morphological characters: An experiment was conducted
in Randomized Complete Blocks Design (RCBD) with
four replication and four treatment (T1 = Control,
T2 = Biofertilizer, T3 = Chemical and T4 = Biofertilizer,
1/2 chemical) at Agricultural Technical Inistitute of Bakrgjo,
Sulaymania, Iragq during 2014. The material consisted of one
cucumber sayfe species. The biofertilizer used was
azoto barwarl. The seeds sown in the spring season and
cucumber were grown in four row plots, each plot included
two ridges and each ridge was 2.5 m in length and 50 cm
apart. Agronomic characteristicsincluded plant height, number
of fruit per plant, individual fruit weight per plant, total fruit
weight per plant, fruit size and fruit yield per green house.

| Volume 18 | Issue 3| 2015 |



Pak. J. Biol. i, 18 (3): 129-134, 2015

Data were recorded on 4 competitive plants of each plot was
calculated for the entire plot. Selected chemical and physical
characteristics of experimental the soil are presented in
Table 1.

Chemical component of plants: Jones and Case (1990),
reported a block-digestion procedure using a mixture of
HNO, and HCIO, for digestion of plant samples.
Vanadomolybdophosphoric acid method was used to
determine P concentration in plant extraction (Kuo, 1996).
For determination of total nitrogen Kjeldahl digestion was
used. Bremner (1996), reported the use of Kjel dahl method for
determination of total N in soils (note: the same method used
for N in plant).

Dataanalysis: For quantitative characters, datawereanayzed
for simple statistics using the compare means and correlation
analysis and regression analysis with the help of computer
software SPSS.

RESULTS

Analysis of variances Result of analysis of variance
(Table 2) showed that there were significant difference
between the application bio-fertilizer and chemical fertilizer
for yield and yield component traits. The data showed high

thistreatment (Table 3). The best treatment was bio-fertilizer
and 1/2 chemica fertilizers that have the highest led to
individual and total fruit weight and fruit yield per green
house.

Plant height: The results of mean comparing of traits are
shown in Table 3. There were significant difference between
the mgjorities of thetraits exist. The datarecorded in Table 3
showed that plant height increased acrossthe treatments; there
were some significant differences in the plant heights. The
minimum plant height was recorded in the biofertilizer,
1/2 chemical fertilizers and the maximum plant height was
recorded in chemica fertilizers.

Individual fruit weight: The data recorded in Table 3
showed that individual fruit weight increased across the
treatments; therewere significant differencesin theindividual
fruit weight. The minimum individual fruit weight was
recorded in the biofertilizer and the maximum individual fruit
weight was recorded in bio-fertilizer, 1/2 chemical fertilizers.

Total fruit weight: The results of mean comparing of traits
are shown in Table 3 between al treatments; significant
difference exist. The datarecorded in Table 3 showed that the

Table 1: Sail physical and chemical properties

potential of these fertilizers to improve cucumber yields. The ~ Properties Sample value
results indicated that the effect of bio fertilizer and chemical 53 /"™ S
fertilizer on characters such as, individua fruit weight, total Silt (%) 45.72
fruit weight, fruit size and fruit yield per green house was  Clay (%) 4211
significant at 1% probability and plant height and potassium  EC 0.36
content at 5% probability and effect of bio fertilizer and IF\)IHO/ (7)(1’2
chemical fertilizer on characters number of fruit per plant, Av(ai%blep(ppm) 56.97
nitrogen content and phosphor content was not significant  Soluble K* (Meq L) 0.24
(Table 2). Soluble Na* (Meq L) 0.22
Soluble Caz;(Meq L’? 12.30
Compare means. Compare means for studied traits in g?l“(t,’\'/leegﬂf,l)('v'eq L9 g'gg
cucumber conducted by Duncan method. Theresultsindicated  caco, (%) 2250
that bio-fertilizer and 1/2 chemical fertilizer treatments had HCO, (Meq LY 2.50
significant difference for yield and growth traits and the = COs* 0.00
highest yield and growthtraitsof cucumber wasobtainedwith ~ 2m(%) 2.06
Table 2: Analysis of variance (RCBD) for studied traits
MS

No. of fruit Individual fruit weight Total fruit weight Fruit yield
S.0Vv df  Plant height per plant per plant per gram per plant per gram Sizefruit N (%) P(%) K (%) pergreenhouse
Replication 3 20.242 0.677 4.983 488.258 14.229 0212 0001 0012 19.630
Treament 3 306.470* 8.125 32.102%* 281834.610** 205.896** 0336  0.001 0.046* 11274.200**
Error 9 78.650 3.006 3.974 1193.264 11562 0621 0.001 0012 47.661
* x* Gignificant differences
Table 3: Mean comparing in cucumber for studied treatments

Traits name
No. of fruit Individual fruit weight Total fruit weight Fruit yield

Treatment Plant height per plant  per plant per gram per plant per gram  Sizefruit N (%) P(%) K (%) per green house/kg
Control 27132 30.05% 76.54° 2149.1° 755 2.86° 0.206® 1.13° 4298.3°
Bio-fertilizer 265.12% 32.29% 73.33° 2170.3 92.7°  3.00° 0.231° 1.70° 4340.6°
Chemical 273.25° 31.94% 77.67* 2193.6* 87.0° 2.72* 0.203® 1.51® 4387.2%
Bio-fertilizer, 1/2 chemical 253.82° 33.49° 80.16° 2671.7° 85.5°  2.40° 0.190° 1.36® 5343.4¢

Significant differences at p<0.05 are indicated with different letter (a-b)
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total fruit weight increased across the treatments, there were
significant differencesin thetotal fruit weight. The minimum
total fruit weight was recorded in the control and the
maximum total fruit weight was recorded in bio-fertilizer,
1/2 chemical fertilizers.

Fruit size: Thedatarecorded in Table 3 showed that fruit size
increased across the treatments; there were some significant
differences in the fruit size. The minimum fruit size was
recorded in the control and the maximum fruit size was
recorded in bio-fertilizer.

Potassium content: The datarecorded in Table 3 showed that
potassium content increased across the treatments; there were
some significant differences in the potassium content. The
minimum potassium content was recorded in the control and
the maximum potassium content wasrecorded in bio-fertilizer.

Fruit yield per green house: The data recorded in Table 3
showed that fruit yield per green house increased across the
treatments; there were significant differencesin thefruit yield
per green house. The minimum total fruit yield per green
housewasrecorded in the control and the maximum fruit yield
per green house was recorded in biofertilizer, 1/2 chemical
fertilizers. The fruit vyield in cucumber has been
significantly influenced by the application of bio fertilizer
with 1/2 chemical at all stages of plant growth. The treatment
receiving bio-fertilizer 100 g ha™* barwarl azetobacter and
chemical fertilizer urea recorded the highest fruit yield
production increase over control.

Correlation analysis: The knowledge of the relationship
among plant charactersisuseful whileselecting traitsfor yield
improvement. To determine association between studied
traitswe cal culated coefficient of correlation. Datashowed in
Table4indicated that fruit yield had the strongest relation with
total fruit weight per plant (r = 0.89) aso found strong
association between individual fruit weight per plant.
After thistraitsthefruit size (r = 0.446) and potassium content

Table 4: Correlation analysis of studied traitsin cucumber

(r = 0.439) showed the most correlation with fruit yield
(Table 4). Significantly positive correlations were aso
observed for individual fruit weight per plant and total fruit
weight per plant. In general a significant positive correlation
was observed between some of the traits. However, negative
correlation was aso found among certain characters in the
present study. Theresultsarein agreement with Serquen et al.
(1997) who reported a positive and significant correlation
between fruit number per plant and branch number per plant,
fruit number per node had negative and significant correlation
with branch number per plant and shoot diameter, however a
positive correlation with vigor of plant wasfound. Cramer and
Wehner (1998) reported that most correl ations between yield
components and components and fruit yield were weak and
strong correlations varied between populations, seasons and
yield components. Sel ection weakened indicated many strong
correl ations between yield components and between yield and
components. Wehner et al. (2000) reported a positive and
significant correlation (r = 0.7*) between number of branches
per plant with total yield. Correlations between fruit number
per node and branch per plant and shoot diameter reveal ed that
an increase in fruit number per node resulted in a decreasein
branch number per plant and shoot diameter and anincreasein
vigor of plant. Although correlation between fruit yield and
branch number per plant was weak in this study, however
Wehner and Guner (2004) showed that among vegetative
traits, number of nodes/branch and branches/plant were
correlated with early yield, indicating that early yield was
higher when the plants were ableto grow longer branchesand
having more nodes.

Regression analysis: The results of regression analysis by
stepwise method for fruit yield in cucumber (Table 5)
indicated that individual fruit weigh can justify 50.9% of the
fruit yield variation. So it might thiswas be seen that traitsthe
most important component of fruit yield in cucumber. Fruit
size and potassium content made 90.04% of the fruit yield
variation. Presence of high significance and the positive
correlation, betweenindividual fruit weight and fruit sizewith

No. of fruit Individual fruit

Total fruit weight Fruit yield

Traits name Plant heigh per plant  weight per plant _per plant Sizeof fruit N (%) P(%) K (%) per green house
Plant height 1
No. of fruit per plant -0.206 1
Individual fruit weight per plant -0.217 0.388 1
Total fruit weight per plant -0.507* 0.197 0.509" 1
Fruit size -0.341 0.339 -0.193 -0.446 1
N (%) -0.148 0.328 -0.191 -0.397 0.172 1
P (%) 0.378 0.159 -0.306 -0.348 0.252 0.382 1
K (%) 0.251 0.271 -0.183 -0.439 0.484 0275 0469 1
Fruit yield per green house -0.508* 0.197 0.508* 0.89** 0.446 0.397 0.348 0.439 1
* x* Ggnificant correlations
Table 5: Regression analysis of studied traits in cucumber
Regression Coefficient of Coefficient of
Traits name coefficient t-test Significant level determination component cumul ative determination
Intercept 2/36 3.742 0.006
Individual fruit weight per gram 0.194 1.010 0.003 50.90 50.90
Fruit size 0.779 3.494 0.004 27.80 78.70
Potassium content 0.092 0.672 0.008 11.34 90.04
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fruit yield indicate that the results of the stepwise regression
were in harmony with the correlation results. The stepwise
regression analysis showed that improvement of fruit weight
per plant and fruit size could be a good breeding way for
increasing fruit yield. Based on regression analysis, if onehad
to choose just one trait for predicting fruit grade weights due
to lack of resources, total fruit weight with fruit number could
be used.

DISCUSSION

Our results in Table 3 showed that combination use of
biofertilizers and chemical fertilizers hasincreased fruit yield
(5343.4 kg) individual fruit weight and total fruit weight and
fruit size biofertilizer wasthe highest. It can be concluded that
barwarl azotobacter with urea treatment had the most yield.
Mahfouz and Sharaf-Eldin (2007) have indicated that the use
of biofertilizer combined with chemical fertilizers has
increased the shoot fresh weight and shoot dry weight of corn.
The problem associated with the use of chemical fertilizersis
becoming a global one and researchers are working all over
the world to find asolution to this problem. The excessive use
of chemica fertilizer in agriculture causes environmental
problems including soil, physical destruction and nutrient
imbalance.

The main advantage of bio-fertilizer is that it does not
pollute the soil and also does not show any negative effect to
environment and human health. This can be overcome either
by adding chemical fertilizers containing nitrogen only for
plants which are chemical treated or add other nutrients such
aspotassium and phosphorusto plant inocul ated with bacteria.
Finally obtaining fewer amounts of healthy productswith less
environmental disturbancesis preferred over obtaining higher
amount of non-healthy products with more environmental
disturbances.

CONCLUSION

According to this study using biofertilizers hasincreased
yield and yield component of cucumber significantly. In other
words, presences of these bacteria have increased cucumber
growthfactors. Theresult fromthe present study indi cated that
yield and growth of cucumber, have been affected by the
inoculation with Azotobacter chroococcum, because these
biofertilizers can fix the atmospheric nitrogen in soil. The
seeds inoclutated with Azotobacter chroococcum had
beneficiary response on growth and yield of cucumber by
5- 30%. Asaresult, biological fertilizers can be recommended
for the sake of achieving the higher quality production. The
traitsfruit weight and fruit size could be used for the selection
of batter yielding lines under Kurdistan region. The results of
compare means indicated that combination of bio-fertilizer
and 1/2 chemical fertilizer treatments maximumfruit yield was
recorded.
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