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ABSTRACT

BACKGROUND: The high cost of fertilizers has increased the production expenses so
that the farmers are using imbalance fertilizers, which results in lower nutrients uptake and
then lower quality of plants. Bio-fertilizers play a very significant role in improving soil
fertility by fixing atmospheric nitrogen, both, in association with plant roots and without it,
insoluble soil phosphates and produces plant growth substances in the soil.
OBJECTIVES: This was study was done to assess the effect of nutrition matter (chemical
and biologic fertilizer) and tuber weights on plant height, LAI and tuber yield.
METHODS: This research was carried out via split-split-plot experiment based on ran-
domized complete blocks design with three replications. The main plots included feeding
by chemical fertilizer and biofertilizer (a;: 180 kg.ha'1 nitrogen fertilizer from urea source,
150 kg.ha™ P,Os from triple superphosphate source and 100 kg.ha™ potassium from potas-
sium sulfate source, ay: 1 kg.ha'1 humic acid and 100 grams per hectare phosphorus biofer-
tilizer, as: chemical fertilizer, humic acid and phosphorus biofertilizer). The sub-plots in-
cluded three tuber weights (b;: small or less than 75g, b,: medium or between 70-140g, bs:
large or more than 10g), and potato cultivar (c;: Arinda, c,: Savalan and cs: Sante) be-
longed to sub-sub-plots.

RESULT: According result of analysis of variance effect of fertilizer (instead plant
height), tuber yield and cultivar on studied traits was significant. The results showed that
the highest potato yield of 33.4 tons per hectare was obtained in the Savalan cultivar with
tuber size less than 75 grams and feeding with humic acid + phosphorus biofertilizer,
which was not significantly different from the Sante variety with the same nutritional con-
ditions and tuber size (33.06 tons per hectare).

CONCLUSION: In general, the use of phosphorus biofertilizer and humic acid improved
the studied characteristics of potatoes in the climatic conditions of North Khuzestan. There-
fore, it is recommended to use mentioned fertilizers and Savalan cultivar with a tuber size
of less than 75 grams in these areas.
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1. BACKGROUND

Obtaining high potato tuber yield
through increasing the number and
weight of quality tubers is necessary.
Potato quality factors including dry
matter, starch and protein content are
important to food industry. For exam-
ple, if potato products are to be pro-
cessed at high temperatures, they should
have high and low levels of starch and
sugars, respectively (Bent et al., 2012).
To this aim, good management practic-
es are requirements, which eventually
lead to adequate canopy formation, as-
similate for stolons, tuberization and
high quality tuber formation. Organic
farming has emerged as an important
priority area globally in view of the
growing demand for safe and healthy
food and long term sustainability and
concerns on environmental pollution
associated with indiscriminate use of
agrochemicals. Though the use of
chemical inputs in agriculture is inevi-
table to meet the growing demand for
food in world, there are opportunities in
selected crops and niche areas where
organic production can be encouraged
to tape the domestic export market
(Venkatash-Warlu, 2008). In organic
agriculture, one management goal is to
increase and maintain soil quality with a
high biological activity. Organic crop-
ping system often has to deal with a
scarcity of readily available nutrients in
contrast to high input cropping system
which relies widely available on soluble
fertilizers (Soleimanzadeh and Ghoosh-
chi, 2013). Nutrient management may
be achieved by the involvement of or-
ganic sources, bio-fertilizers, and micro-
nutrients (Singh et al., 2002). Indiscrim-

inate use of chemical fertilizers to
achieve high yield and to compensate
for lack of nutrients and consequently
the increase of production costs and de-
struction of soil and water resources
have made the specialists interested in
healthy and stable crop systems in terms
of ecology (Tilak et al., 1992). More
recently, a real challenge faces the
workers in the agricultural research
field to stop using the high rates of
agro-chemicals which negatively affect
human health and environment (EI-
Kholy et al., 2005; Kader et al., 2002).
Farming practices which involve heavy
application of chemical fertilizers may
cause depletion of certain nutrients in
soil and certain others would generally
accumulate in excess resulting in nutri-
ent imbalance which affects the soil
productivity. Some of these problems
can be tackled by using bio-fertilizers,
which are natural, beneficial and eco-
logically friendly. Among the means
available to achieve sustainability in
agricultural production, organic manure
and bio-fertilizer play an important and
key role because they possesses many
desirable soil properties and exerts ben-
eficial effect on the soil physical, chem-
ical and biological characteristics of the
soil. he application of bio-fertilizers has
become of great necessity to get a suffi-
cient yield with high quality to avoid
environmental pollution (Shevananda,
2008). Bio-fertilizers most commonly
referred to as the fertilizer that contains
living soil micro-organisms to increase
the availability and uptake of mineral
nutrients for plants (Vessey, 2003). It is
expected that their activities will influ-
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ence the soil ecosystem and produce
supplementary substance for the plants.
Bio-fertilizers also include organic ferti-
lizers, which are rendered in an availa-
ble form due to the interaction of micro-
organisms or due to their association
with plants (Sujanya and Chandra,
2011). When bio-fertilizers are applied
as seed or soil inoculants, they multiply
and participate in nutrient cycling and
benefit crop productivity (Singh et al.,
2011). Bio-fertilizers play a very signif-
icant role in improving soil fertility by
fixing atmospheric nitrogen, both, in
association with plant roots and without
it, insoluble soil phosphates and pro-
duces plant growth substances in the
soil. They are in fact being promoted to
harvest the naturally available, biologi-
cal system of nutrient mobilization
(Venkatash-Warlu, 2008). Abd-
Alrahman Rehab er al. (2002) stated
that use of phosphorus bio-fertilizer in
wheat, compared with chemical fertiliz-
ers, led to reduction of chemical ferti-
lizer consumption, increase of product,
uniformity of the farm, thickness of
stems, increase of spikes length, plant
resistance to diseases and frost, increase
of tillering and ultimately decrease of
environmental damage. Qing-Fang et
al. (2020) reported combination of or-
ganic and inorganic fertilization main-
tained high rice yield, and also pro-
duced a more complex and stable phos-
phate mobilizing bacterial community,
which contributed to phosphatase ac-
tivities more than their gene abundances
in the model analysis. Nouraki et al.
(2016) reported mixing of biological
fertilizers with chemical fertilizers
could reduce the needs of chemical fer-

tilizers up to 25% and these results are
comparable to the application of 100%
chemical fertilizers. Therefore, the best
hybrid maize is the single cross 704 that
has good yield potential when the
chemical fertilizer is used at either 25%
or 50% of the current application when
mixed with the bio-fertilizer. Zhang et
al. (2020) to help minimize the negative
impact of chemical fertilizers on the en-
vironment, recycle nitrogen and phos-
phorus nutrients of anaerobic digestate
and reduce loss of nutrients via leach-
ing, an eco-friendly slow-release ferti-
lizer was prepared through recovery of
nitrogen and phosphorus nutrition from
digestate using superabsorbent fibers
extracted from soybean curd residue as
an adsorbent reported The successful
incorporation of N and P into the fiber
composite-based adsorbent via adsorp-
tion was confirmed by results of these
analyses. The prepared fertilizer showed
a relatively high N content (3.65 wt%)
and a limited P content (0.14 wt%). Al-
so, the swelling capacity as well as wa-
ter retention capability of the obtained
fiber composite-based adsorbent were
evaluated. All organic manures improve
the behaviors of several elements in
soils through that active group (Humic
acids; HA) which have the ability to
retain the elements in complex and che-
late form. These materials release the
elements over a period of time and are
broken down slowly by soil microor-
ganisms. The extent of availability of
such nutrients depends on the type of
organic materials and microorganisms
(Ghavidel Shahraki et al., 2017). Humic
acid is extracted from different sources,
such as humus and, soil and using che-
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lating essential elements improve and
increase fertility and productivity of
soil, especially in conditions of stress
(Ghadimian et al., 2017). Humic com-
pounds such as fulvic acid and humic
acid are formed by chemical and micro-
bial degradation of plant and animal
material and are a principal component
of soil organic matter. In general, the
application of fulvic and humic acid
fertilizer amendments have been shown
to enhance root growth, increase nutri-
ent uptake, alleviate stress, and increase
yield in various crops (Canellas et al.,
2015). Humic acid well known in con-
trolling, soil-borne diseases, improves
the physical, chemical and biological
properties of the soil and influences
plant growth, soil health and nutrient
uptake by plants, mineral availability,
fruit quality, etc. Humic substances are
recognized as a key component of soil
fertility properties, since they control
chemical and biological properties of
the rhizosphere (Trevisan et al., 2009;
Mauromicale et al., 2011). Humic acid
is water-soluble organic acid naturally
present in soil organic matter. It can be
recognized that humic substances (HS)
have many beneficial effects on soil
structure and soil microbial populations,
as well as, increase modify mechanisms
involved in plant growth stimulation,
cell permeability and nutrient uptake
causing increases (Atiyeh et al., 2000;
Rahmat er al., 2010). Application of the
humic acid had statistically significant
effect on Mg, Fe and Mn uptake. Humic
acid raised the dry weight and N, P, K,
Ca, Mg, Na, Fe, Cu, Zn and Mn uptake
of plants at non limed pots and the
amounts were found high at 0.1 % dose

of humic acid. The second dose (0.2 %)
was found much more effective on dry
weight and nitrogen uptake at high lime
conditions (Katkat et al., 2009). The
mechanism of humic acid activity in
promoting plant growth is not complete-
ly known, but several explanations have
been proposed by some researchers
such as increasing cell membrane per-
meability, oxygen uptake, respiration
and photosynthesis, phosphate uptake,
and root cell elongation (Turkmen et
al., 2004). Also Delfine et al. (2005)
investigated the effect of application of
humic acid on growth and yield of du-
rum wheat. Moreover, they specified
that the application of humic acid
caused a transitional production of plant
dry mass with respect to unfertilized
control.

2. OBJECTIVES

The current research was conducted
to study the effect of nutrition matter
(chemical fertilizer and biologic fertiliz-
er) and tuber weights on plant height,
LATI and tuber yield.

3. MATERIALS AND METHODS
3.1. Field and Treatments Information
This research was carried out via
split-split-plot experiment based on
randomized complete blocks design
with three replications along 2016 and
2017 year. Place of research was locat-
ed in Safi Abad Dezful Agricultural Re-
search Center at longitude 48°26'E and
latitude 32°16'N in Khuzestan province
(Southwest of Iran). The main plots in-
cluded feeding by chemical fertilizer
and biofertilizer (a;: 180 kg.ha™ nitro-
gen fertilizer from urea source, 150
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kg.ha'1 P,Os from triple superphosphate
source and 100 kg.ha™' potassium from
potassium sulfate source, a: 1 kg.ha'1
humic acid and 100 grams per hectare
phosphorus biofertilizer, az: chemical
fertilizer, humic acid and phosphorus
biofertilizer). The sub-plots included
three tuber weights (b;: small or less
than 75g, by: medium or between 70-
140g, bs: large or more than 10g), and
potato cultivar (c;: Arinda, c: Savalan
and c3: Sante) belonged to sub-sub-
plots. Physical and chemical properties
of the soil are mentioned in table 1.

3.2. Farm Management

To apply phosphorus biologic ferti-
lizer, the biofertilizer (100 gr.ha"l) was
dissolved in a 10 liter container filled
with water. Then the seeds were placed
in these containers for 10 minutes be-

fore planting and impregnated with fer-
tilizer solution and then they were
planted. Phosphorus biofertilizer (brand
Barvar 2) contains 10’ to 10 phos-
phate-solubilizing bacteria (Pantoea
agglomerans strain PS5 and Pseudomo-
nas strain P13) per gram of product,
which are released phosphates ions by
producing organic acids and phospha-
tase enzymes around the roots. During
the planting, separate disposable gloves
for each treatment were used to prevent
mixing of the effects of treatments.
Other fertilizers were used as the base.
Hubest® organic fertilizer, obtained
from Hasel Novin Agriculture Compa-
ny used as a source of humic acid which
contains K,O (8.0%), humic and fulvic
acid (60%), sulfur (3.7%), iron (1.2%)
and MgO (0.2%).

Table 1. Physical and chemical properties of studied field and water

Soil depth EC

oC K P

Sample . H
P (em) @Sm? P (%) (mg.kg™")
Soil 0-30 2.5 7.84 0.29 69 2.5
EC Ca+tMg Na K
-1 pH
Water (dS.m™) (mg1™")
0.4 7.70 69 105 24

3.3. Measured Traits

A leaf area meter (Li-3000c portable)
was used to measure the leaf area index.
The number of 4 potato plants was se-
lected from the middle lines of each plot
and the height of all 4 stems was rec-
orded at the time of flowering and rip-
ening. In order to determine the tuber
dry weight of the plant, the plants that
were assigned for this purpose were
sampled and after being transferred to
the laboratory, the leaves are separated

from the rest of the plant organs. To de-
termine the dry weight, the samples of
the aerial parts were placed in an oven
at a temperature of 75 degrees Celsius
for 72 hours and then weighed. In order
to determine the potato yield, after
completion of the growing season and
ripening potato tubers, the middle two
rows of plants (inside plots) were col-
lected during a meter entirely. Each
samples were separately and put in spe-
cial bags and placed at oven for 72
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hours at 75°C and after drying com-
pletely, it’s were weighed with a bal-
ance with precision of 0.001g.

3.4. Statistical Analysis

Analysis of variance and mean com-
parisons were done via SAS (Ver.8)
software and Duncan multiple range test
at 5% probability level.

4. RESULT AND DISCUSSION
4.1. Plant height

According result of combined analy-
sis of variance effect of tuber weight
and cultivar on plant height was signifi-
cant at 5% and 1% probability level,
respectively, but effect of fertilizer and
interaction effect of treatments was not
significant (Table 2). Mean comparison
result of different level of tuber weight
indicated that maximum plant height
(73.67 cm) was noted for bs (large or
more than 10g) and minimum of that
(64.26 cm) belonged to b; (small or less
than 75g) treatment, also it doesn’t had
significant difference with b, (medium
or between 70-140g) treatment (Table
3). As for Duncan classification made
with respect to different level of cultivar
maximum and minimum amount of
plant height belonged to Savalan (79.44
cm) and Arinda (55.67 cm) (Table 3).
The increase in the plant height in the
humic acid amended treatments most
probably was due to the improvement
of growth of the root zone. With in-
creasing drought stress, the plant height
decreased due to lack of plant access to
the amount of water suitable for growth,
also with increase in humic acid level,
plant height increased. The amount of
this decline is influenced by the genetic

factors and varies depending on the cul-
tivar. Drought stress decreases leaf area,
stomata obstruction, protoplasmic activ-
ity and carbon fixation and decreasing
photosynthesis, which ultimately reduc-
es plant height (Qurbani et al., 2010).
Nasiri et al. (2022) reported results of
factor analysis based on studied traits in
the aeroponic culture experiment
showed that in weight and number of
mini tubers, number of stems, number
of stolon increased by application of
chemical fertilizer and plant height and
stolon length due to biological fertilizer
application. Among cultivars, cv. Banba
showed the highest yield (number and
weight of mini tubers 162, 1135 g,) with
chemical fertilizer application. Accord-
ing to the results of factor analysis of
field experiment, the use of A. lipofer-
um significantly increased the number
of tuber, tuber weight, number of stems
and growth indices of total dry weight,
tuber dry weight, crop growth rate, tu-
ber growth rate and leaf area, and A.
chroococcum had an increasing effect
on plant height and number of stolon. In
field experiment, the highest yield
(number and weight of tuber were
24,800 g,) according to traits and
growth indices in Agria cultivar with
application of A. lipoferum bacteria.
Based on the current research findings,
chemical fertilizers application in aero-
ponic cultivation and treating with A.
lipoferum 1in field improve potato yield.
Shafeek and colleges (2013) evaluated
the effects of humic acid on wheat shoot
and root growth and found that 300 mg
humic acid has the greatest effects on
roots and shoot growth. Further,
Haghparast and Maleki-Farahani (2013)
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have reported that 50 mg.L™" humic acid
can caused elongation in the root cell of
pea plants. According to (Boraste,
2009) plant height and plant diameter in
corn increase much more in the effect of
inoculation with  Azotobacter and
Azospirillum  bacteria  than  non-
inoculated. Besides, inoculation of
wheat seeds with bacteria such as Azo-
tobacter and Azospirillum can lead to
stem dry weight, and dry weight of
plant (Defreitas, 2000).

4.2. Leaf area index (LAI)

Result of combined analysis of vari-
ance showed effect of fertilizer, tuber
weight, cultivar and interaction effect of
treatments on leaf area index was signif-
icant at 1% probability level (Table 2).
Multiple mean comparison of interac-
tion effect result revealed in the second
year of the study, we saw a significant
increase in the leaf area index compared
to the first year of the study.

Table 2. Result of combined analysis of variance effect of treatment on studied traits

Plant Leaf area  Tuber dry Tuber
$.0.V df height index matter yield
Year (Y) 1 702.7" 10.2%* 252.2%%* 339.3%**
Replication (R) 4 132.9" 14.5%%* 334 59.7
Fertilizer (F) 2 691.1" 3.0%* 226.4%* 287.0%*
YxF 2 46.6™ 0.74%* 13.5™ 28.2™
Error I 8 407.4 2.81 53.6 394
Tuber weight (T) 2 1233.1* 0.627%#* 89.3%* 122.5%%*
YxT 2 20.8™ 0.05%** 2.07** 0.86™
FxT 4 71.3" 3.1 137.9%* 65.6%*
YxFxT 4 24.1™ 0.25%* 4.5%* 7.5™
Error II 24 17.6 0.10 0.06 1.82
Cultivar (C) 2 7769.4%%* 6.2%%* 23.8%** 115.5%*
Y xC 2 54.1™ 0.27%* 2.2%* 5.6™
FxC 4 130.8™ 5.5%%* 22.7%* 11.3*
YxFxC 4 4.5"™ 0.14%* 2.1%* 2.5™
TxC 4 167.8™ 6.3%* 138.9%* 10.6*
YxTxC 4 11.3" 0.2%* 7.01%#* 49"
FxTxC 8 757" 0.6%* 83.4%* 11.5%*
YxFxTxC 8 14.1™ 0.2%* 6.6%%* 57"
Error 111 104 311.9 0.01 0.033 3.31
CV (%) - 25.7 2.26 0.26 7.04

ns, * and **

In both crop years, feeding with humic
acid + phosphorus biofertilizer had the
highest LAI and the lowest amount of
this parameter was seen in the treatment
with chemical fertilizer. Among the in-
vestigated cultivars, in the first year of
the research, Arinda cultivar and after
that Savalan were in better conditions in
terms of leaf area index, and Sante cul-

: no significant, significant at 5% and 1% of probability level, respectively.

tivar had the lowest value of this index
in the first year. In the second year of
research, Sante and Arinda cultivars had
better conditions and Savalan cultivar
had a smaller LAI. While the size of the
small tuber in Sante variety in the first
year and feeding with chemical fertiliz-
er had the lowest value of leaf area in-
dex (by 2.3), The small tuber size in the
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same variety and the nutrition treatment
in the second year had a higher LAI
compared to the other two tuber
weights. The highest LAI was achieved
in the treatment of Arinda variety with
small seed size and feeding with biofer-
tilizers and in the second year of the
research were 6.4, which has no signifi-
cant difference with Sante variety and
average seed size in the same nutritional
treatment (LAI=6.2) (Table 4). Ghadim-
ian et al. (2017) by evaluate effect of
irrigation halt and humic acid on physi-
ological characteristics of red bean re-
ported the highest seed yield was in
complete irrigation and irrigation halt at
pod stage and lowest rate was for irriga-
tion halt at flowering stage. Use of hu-
mic acid in normal conditions and in
conditions of hold irrigation at flower-
ing and pod stage could be increasing
the seed yield. Chavoshi et al. (2016) by
evaluation responses of red bean culti-

vars to halt irrigation reported halt irri-
gation could be reduced seed yield from
2624.73 kg ha’ in full irrigation to
1632.82, 1088.55 and 2301.85 kg ha™
irrigation halt at vegetative growth,
flowering and pod filling stages respec-
tively. Rahi (2013) reported that in-
crease in Nitroxin also increased fresh
and dry weights of leaf, stem, chloro-
phylls a, b, total carotenoids, and antho-
cyanin content of the plants linearly.
Garg et al. (2005) reported increasing
nitrogen to soil led to increase the plant
photosynthetic efficiency and ultimately
increased the seed yield and growth
rate. On the other hand, since the rate of
light absorption by leaves and convert-
ing it into photosynthetic materials are
the other factors affecting the plant
growth and production, the increase of
leaf area in the farm leads to the in-
crease of light absorption and ultimately
leads to the increase of seed yield.

Table 3. Mean comparison effect of different level of tuber weight and cultivar on plant height

Tuber weight Cultivar
Plant
height (cm) b, b, | C C3
64.26b* 67.56b 55.67c 79.44a 70.38b

*Mean which have at least once common letter are not significant different at the 5% level using (DMRT).
Tuber weights (b;: small or less than 75g, b,: medium or between 70-140g, b;: large or more than 10g).

potato cultivar (c;: Arinda, c,: Savalan and c3: Sante).

4.3. Tuber dry matter (TDM)

According result of combined analy-
sis of variance effect of fertilizer, tuber
weight, cultivar and interaction effect of
treatments on tuber dry matter (instead
year X fertilizer) was significant at 1%
probability level (Table 2). In the sec-
ond year, the percentage of potato dry
matter increased significantly, and in
the second year, we saw an increase in
potato yield, which is probably due to

favorable weather conditions and the
effect of biofertilizers in the second year
of research. Among the nutrition treat-
ments, the feeding treatments with hu-
mic acid+ phosphorus biofertilizer had a
higher percentage of dry matter than
other nutritional treatments, and the nu-
trition treatment with chemical fertilizer
+ humic acid+ phosphorus biofertilizer
was in the next rank. The small tuber
size led to a higher dry matter percent-
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age in all nutritional treatments and
crop year, which was not significantly
different from the average seed size
treatment in most treatments, especially
the feeding treatments with humic acid
+ phosphorus biofertilizer. Savalan and
Sante cultivars had higher percentage of
dry matter in most nutritional treat-
ments, tuber size and year of cultiva-

tion, and Savalan cultivar had better
conditions in terms of dry matter per-
centage. In total, Savalan variety with
small seed size in the second year of
research and feeding with humic acid +
phosphorus biofertilizer had a higher
percentage of dry matter than other
treatments by the amount of 33.6% (Ta-
ble 4).

Table 4. Mean comparison interaction effects of year, fertilizer, tuber weight and cultivar on

LAI and TDM
Leaf area index (LAI) Tuber dry matter (TDM)
Year Fertilizer Tuber Cultivar Cultivar

C1 C2 c3 C1 C2 C3
b, 4c 4.5¢ 3.2d 23.7¢c 25.4c 24.7c

a; b, 3.9d 5b 4.2¢ 28b 32.5b 29b

b; 4.2¢c 4.4c 4.8¢c 21.6e 21.6e 20f
b, 5.1b 5.1b 4c 12.1h 23.8d 24.6¢
First a, b, 4c 3.4d 3.2d 21.7e 21.1e 18.8f
b3 4.9c 4.6¢ 5.3b 17.1g 19.3f 23.2d
b, 3.5d 4.4c 3.1d 25.9¢ 24.5¢cd 16.9¢
a b, 4.6¢ 3.3d 4.4c 24cd 24.4cd 24.4cd
b; 3.7d 3.9d 5.1b 26.1c 24.1cd 27.2bc
b, 4c 5.4b 5.3b 28.5b 27.8bc 18.8¢
a; b, 5.5b 4.9¢ 3.8d 28.5b 27.9bc 18.6g
bs 4.8¢ 3.6d 4.4c 27.4bc 27.3bc 27.5bc
b, 6.4a 5.3b 6a 26.2¢ 22.1e 23.2d
Second a, b, 580  529b  6.2a 24.8¢ 23.6d 21.5f
b; 3.8d 3.44d 4.6¢c 18.8f 22e 25.5¢
b, 3.89d 5b 5b 26.6¢ 33.6a 30.8b
a3 b, 5.24b 3.78d 5.6b 26.6¢ 20.5¢ 24.9c
b3 4.13c 4.44c¢ 5.7b 13.8i 26.7¢c 30.3b

*Mean which have at least once common letter are not significant different at the 5% level using (DMRT).

Chemical fertilizer and biofertilizer (a;: 180 kg.ha™' nitrogen fertilizer from urea source, 150 kg.ha™ P,Os from triple
superphosphate source and 100 kg.ha™' potassium from potassium sulfate source, a,: 1 kg.ha™' humic acid and 100

grams per hectare phosphorus biofertilizer, a;: chemical fertilizer, humic acid and phosphorus biofertilizer).

Tuber weights (b;: small or less than 75g, b,: medium or between 70-140g, b;: large or more than 10g).

Potato cultivar (c;: Arinda, ¢c,: Savalan and c5: Sante).
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Sadra et al. (2022) reported maximum
tuber yield obtained in vetch with appli-
cation of 66 percent of nitrogen fertiliz-
er (35.42 t.ha'l) and the least tuber ni-
trate (31.92 mgkg"') was measured in
control (without nitrogen fertilizer).
Application of nitrogen fertilizer had a
significant negative effect on nitrogen
use efficiency as the highest nitrogen
use efficiency (94.78 kg.kg') was ob-
tained by inclusion of vetch as cover
crop and without application of nitrogen
fertilizer. In conclusion, our findings
showed the positive effect of cover
crops along with application of opti-
mum level of nitrogen fertilizer on tuber
yield potato, plant height and number of
main stem per plant. This can be con-
sidered as a crop management package
that leads to the reduction of application
of chemical fertilizers, prevents its ad-
verse effects on environment and more
economic benefits for farmers. Azimi et
al. (2013a) found that application of
super nitroplass bio-fertilizer with
Phosphate barvar2 treatment has the
highest seed yield (7.6 t.ha') and non-
application of bio-fertilizers treatment
has the Pishtaz cultivar has the lowest
seed yield (6.3 tha'). Azimi et al.
(2013b) was reported that grain yield
and biomass yield increasing with the
bio fertilizer application, also which
account important benefit, causing de-
creasing in the inputs of production be-
cause of economizing much money to
chemical fertilizers and increasing in
yield and biological yield.

4.4. Tuber yield
Result of combined analysis of vari-
ance showed effect of fertilizer, tuber

weight and cultivar on tuber yield was
significant at 1% probability level (Ta-
ble 2). The mean comparison results
revealed effect of the year of cultivation
on potato yield in the second year, was
improved significantly (31.3%) com-
pared to the first year, which could be
due to favorable climatic conditions in
the second year of research. Compare
different level of chemical and biologic
fertilizer showed that the feeding treat-
ment with humic acid + phosphorus bi-
ofertilizer had better conditions than the
other two treatments and the lowest one
was obtained in the treatment using
chemical fertilizer. Also, among differ-
ent tuber sizes, the highest amount was
obtained in small seed size, which did
not have a significant difference in the
humic acid + phosphorus biofertilizer
feeding treatment with medium seed
size. The large tuber size had the lowest
yield in all nutritional treatments.
Among the investigated cultivars, Sava-
lan had a higher yield than the other two
cultivars, Arinda and Sante, and in all
nutrition treatments and tuber size,
Savalan had the highest potato yield.
Therefore, the highest potato yield of
33.4 tha' was obtained in Savalan va-
riety with small tuber size and feeding
with humic acid + phosphorus bioferti-
lizer, so did not have a significant dif-
ference with Sante variety at the same
nutritional conditions and tuber size
(33.06 t.ha'l) (Table 5). Azamshah et al.
(2016) reported among all the men-
tioned treatments, maximum tuber yield
was obtained in the treatment receiving
half NPK (soil applied) and humic acid
0.03% (foliar applied).
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Table 5. Mean comparison interaction effects of fertilizer, tuber weight and cultivar on yield

Tuber yield (t.ha™)
Fertilizer 53};; Cultivar

C1 C2 C3
by 22.3f 27.05¢ 23.1e

a, b, 25.1d 23.3e 24e
b; 21.5g 25.5d 25.1d
by 30.9b 33.4a 33.0a
a, b, 27.1c 30.3b 27.3c¢
b; 23.3e 27.1c 24.4de
by 25.3d 28.7bc 24.5de
a; b, 23.5e 26cd 22.2f
b; 23.1ef 27.4¢ 23.5¢

*Mean which have at least once common letter are not significant different at the 5% level using (DMRT).
Chemical fertilizer and biofertilizer (a;: 180 kg.ha nitrogen fertilizer from urea source, 150 kg.ha™' P,Os from triple
superphosphate source and 100 kg.ha' potassium from potassium sulfate source, a,: 1 kg.ha humic acid and 100

grams per hectare phosphorus biofertilizer, a;: chemical fertilizer, humic acid and phosphorus biofertilizer).
Tuber weights (b;: small or less than 75g, b,: medium or between 70-140g, b;: large or more than 10g).

Potato cultivar (c;: Arinda, ¢c,: Savalan and c5: Sante).

Maximum N and P content in potato
tubers were also found in the same
treatment. Results showed that half
NPK (soil applied) + foliar application
of humic acid (0.03%) are economical
and beneficial for the farmers. Aien and
Jalali (2018) reported Sante and Satina
cultivars produced the highest marketa-
ble tuber yield in normal condition
(47.15 and 44.9 t.ha'], respectively), but
under heat stress conditions, the differ-
ence between marketable tuber yield of
those cultivars was not significant. The
application of calcium nitrate improved
marketable, non-marketable and total
tuber yield and its components in potato
cultivars and soil application of 75
kg.ha” of calcium nitrate was signifi-
cantly superior to the other treatments.

The interaction effect of terminal heat
stress and calcium nitrate applications
on marketable and total tuber yield,
mean weight and number of marketable
and non-marketable tuber was signifi-
cant. Soil application of calcium nitrate
(75 kg.ha'l) increased marketable tuber
yield of potato cultivars under normal
and terminal heat stress conditions (10.5
and 24.5%, respectively) that revealed
the mitigating effect of calcium nitrate
on terminal heat stress in potato culti-
vars. It concluded that soil application
of calcium nitrate seems to be an appro-
priate method to reduce the adverse ef-
fects of terminal heat stress in winter
potato production. Waqas et al. (2014)
by evaluate effect of humic acid on
yield of Mungbean reported 3 kg.ha
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humic acid resulted in a higher number
of pods per plant, thousand grain
weights and grain yield, however it was
statistically similar to the treatments
where humic acid was soil applied at
rate of 1 and 2 kgha', seed priming
with (water soaked), 0%, 1%, 2% of
humic acid solution and foliar spray
with 0.01%, 0.05% and 0.1% of humic
acid solution.

5. CONCLUSION

In general, the use of phosphorus bi-
ofertilizer and humic acid improved the
studied characteristics of potatoes in the
climatic conditions of North Khuzestan.
Therefore, it is recommended to use
mentioned fertilizers and Savalan culti-
var with a tuber size of less than 75
grams in these areas.
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