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This study was conducted to evaluate the Humi-Fert Ultra organic matter effects on mini-tuber
production of potato cultivars during 2010 and 2011. Seedlings of Agria, Savalan, Marfona and Sprit
cultivars were raised using single node cuttings under optimum light intensity and temperature for two
months. Then, seedlings were propagated by single node cuttings. Experiment design was factorial
based on completely randomized design with three replications of two factors, where the first factor
included three levels of Humi-Fert Ultra (0, 2 and 3 ml in 300 L of water) and second factor included four
potato cultivars (Agria, Savalan, Marfona and Sprit). The seedlings were planted with 10 cm distances
between rows and 10 cm between plantlets in planting beds of Mikskaar peat mass with punce (1:1 v/v)
in greenhouse. The Humi-Fert Ultra was used in three germinations, tuberaztion and bulking stages.
Analysis of variance showed significant differences between different levels of Humi-Fert Ultra,
cultivars and their interaction as traits mini-tuber number and weight per square meter; mini-tuber size
average, mini-tuber number < 3 g, between 3 and 7 g and >7 g had significant differences. Maximum
mini-tuber number and weight per square meter, mini-tuber size average and mini-tuber number
between 3 and 7 g was relative to Savalan cultivar in Humi-Fert Ultra with 2 ml per 300 L of water. In this
experiment, Humi-Fert Ultra organic matter increased mini-tuber number per square meter in Savalan

cultivar with about 420 numbers.
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INTRODUCTION

Potato (Solanum tuberosum L.) is grown and eaten in
more countries than some other crops (Jackson, 1999). It
grows mainly under climates with cool temperature and
full sunlight, moderate daily temperatures and cool
nights. Short days generally induce potatoes tubers,
although many modern cultivars can initiate tuberization
in long days of north temperate regions (Tarn et al.,
1992). Among the most important crops in the world
(Fernie and Willmitzer, 2001) and in Iran (FAO, 2011),
potato is ranked in the fourth grade between annual
(FAO, 2011). Production after the cereal species rice,
wheat and barley. Iran is the world's 12th potato producer
and the third biggest producer in Asia, after China and
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India (FAO, 2011). Mini-tubers are small potato tubers
produced after being acclimatized under in vitro condition
and planted at high density in the glasshouse on planting
beds or containers using different substrate mixtures.
Mini-tubers can be produced throughout the year and are
principally used for producing pre-basic or basic seed by
direct field planting (Lommen, 1999; Pal and Sengupta,
1985). There are many factors that affect the transferred
plantlets under greenhouse conditions; they include
cultivar, planting density, planting bed, lighting, nutrient,
and irrigation (Ahmad and Machado, 1995).

Humates are carbonic materials that are created by
biological and chemical analysis of plants and animals’
remains processes (Linchan, 1978). Humic acids cause
increased yield. They also cause decreased negative
effects of fertilizers and some chemical materials of soil
(Salman et al., 2005). These negative effects of chemical
fertilizers have led to the usage of nitrogen sources such
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as organic fertilizers in nutrient management (Abou-
Hussein et al., 2003; Ashwini and Sridhar, 2006). Organic
fertilizers such as cattle manure, contain large amount of
nutrients and influence plant's growth and production by
improving chemical, physical and biological fertility
(Benke et al., 2009; Fuleky and Benedek, 2010). Other
researches showed that leaf area index, (LAI), shoots
weight, plant’s height and tuber yield can be increased by
the application of organic fertilizer (Stoner et al., 1996;
Abou-Hussein et al., 2003). The importance and positive
effects of humic acid have been reported by other
researchers on plant’s growth (Pal and Sengupta, 1985;
Hartwigson and Evans, 2000).

Potassium humate is one of the organic matters that
causes increase in production quality, plant’s tolerant to
drought, salinity, hot and cold stress (Gadimov et al.,
2007).Hassanpanah et al. (2008a) reported that
potassium humate caused increase in tuber yield by 11
ton per ha™ under drought stress condition. Gadimov et
al. (2007) also reported potassium humate caused
increase in pea number from 14.4 to 52.6 and weight
from 12 to 36 g under salinity stress condition.

Also potassium humate causes decrease in the amount
of nitrate in leaf, root and tuber of potato (Hassanpanah
et al., 2008c).

Hassanpanah et al. (2008d), by evaluating the effect of
Kadostim and potassium humate on potato cultivars
seedling, stated that treatment of Kadostim and
potassium humate of 1 ml ratio per one liter of MS
decreased the time of removing seedling to greenhouse.
Hassanpanah et al. (2008b) stated that potassium
humate caused increase in tuber yield with about 5.78
ton per ha™ by evaluating the potassium humate effects
on second cultivation.

The purpose of this investigation was to evaluate the
different concentration of Humi-Fert Ultra organic matter
effects on the mini-tuber production of potato cultivars
under greenhouse condition.

MATERIALS AND METHODS

This study was conducted to evaluate the Humi-Fert Ultra organic
material effects on mini-tuber production of potato cultivars in
biotechnology laboratory and greenhouse of "Potato Seed
Production Company of Vilkij Ardabil, Iran" during 2010 and 2011.
Seedlings of Agria, Savalan, Marfona and Sprit cultivars were
raised by using single node cuttings under optimum light intensity
and temperature for two months. Then, seedlings were propagated
by single node cuttings. Experiment design was factorial based on
completely randomized design with three replications of two factors.
First factor included three levels of Humi-Fert Ultra (0, 2 and 3 ml
per 300 L water) and second factor included four potato cultivars
(Agria, Savalan, Marfona and Sprit). The seedlings were planted
with 10 cm distances between rows and 10 cm between plantlets in
planting beds of Mikskaar peat-mass with punce (1:1 v/v) in
greenhouse. The Humi-Fert Ultra was used in three germination,
tuberaztion and bulking stages. These materials included K by 3%,
fulvic acid by 3% and humic acid by 12%. All of practices such as
irrigation and control of weeds, pests and diseases were done
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regularly during growth period. Controlling of the pests and fungus
diseases were done respectively by using 250 ml ha™ Confidor and
400 g ha™* Equation-pro. Seedlings were grown under 22 to 25°C
and at 16 h photoperiod with 5000 light intensity (lux). Mini-tubers
were harvested after three months. During growth period and after
harvesting, traits were measured such as plant’s height, main stem
number per plant, mini-tuber number and weight per plant and
square meter, mini-tuber size average, mini-tuber number and
weight smaller than 3 g, between 3 and 7 g and bigger than 7 g.
Analysis of variance and mean comparisons with Duncan test were
done by MSTATC software, and linear correlation coefficients
between traits was done by SPSS software.

RESULTS AND DISCUSSION

Analysis of variance of the studied parameters showed
that the different levels of Humi-Fert Ultra, cultivars and
their interaction as traits mini-tuber number and weight
per square meter, mini-tuber size average, mini-tuber
number smaller than 3 g, between 3 and 7 g and bigger
than 7 g had significant different (Table 1).

Maximum mini-tuber number per square meter was
relative to Savalan, Marfona and Sprit cultivars in Humi-
Fert Ultra with 2 ml per 300 L water (Figure 1). Different
mini-tuber number per square meter of Savalan, Marfona
and Sprit cultivars in Humi-Fert Ultra with 2 ml per 300 L
water compared with the control were 420, 405 and 275
numbers, respectively.

The mini-tuber number per square meter in Humi-Fert
Ultra with 2 ml per 300 liter water recorded in this
experiment was very high. Hassanpanah et al. (2008a, b,
c), Ezati et al. (2011) and Kiumarci et al. (2011) reported
that to increase the number of tuber, Humi-Fert Ultra and
potassium should be used; while Hassanpanah and
Azimi (2011) stated that Humi-Fert Ultra should be used
to increase mini-tuber number per square meter. Savalan
cultivar had the highest mini-tuber weight per square
meter in Humi-Fert Ultra with 2 ml per 300 L water (Figure
2). Difference in mini-tuber weight per square meter of
Savalan cultivar in Humi-Fert Ultra with 2 ml per 300 L
water compared with the control was 7740 g. Yarahmadi
(2008), Hassanpanah et al. (2008a, b, c), Hoseni et al.
(2010), Ezati et al. (2011), Kiumarci et al. (2011),
Hassanpanah and Azimi (2011) and Irani (2010) reported
that Humi-Fert Ultra and potassium humate increased
tuber and mini-tuber weight.

The highest mini-tuber size average was produced in
Savalan cultivar in Humi-Fert Ultra with 2 ml per 300 L
water (Figure 3). Maximum mini-tuber number smaller
than 3 g was relative to Agria cultivar in Humi-Fert Ultra
with 2 ml per 300 L water and Sprit cultivar in control
(Figure 4).

The highest mini-tuber number between 3 and 7 g was
produced in Savalan cultivar in Humi-Fert Ultra with 2 to
3 ml per 300 L water (Figure 5). Marfona cultivar had the
highest mini-tuber number bigger than 7 g in Humi-Fert
Ultra with 2 ml per 300 L water (Figure 6).

Mini-tubers’ distribution size is influenced by the number
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Table 1. ANOVA of traits measurement in different levels of Humi-Fert Ultra and potato cultivars.

M.S
S.0V d.f Mini-tuber number Mini-tuber weight Mini-tuber size  Mini-tuber number  Mini-tuber number  Mini-tuber number
per square meter per square meter average smaller than 3 g between 3to 7 g biggerthan 7 g

Humi-Fert ultra (A) 2 7.99** 2894.0** 41.81** 3.57* 5.69** 6.80**
Cultivar (B) 3 23.15** 1261.64** 9.504** 6.63** 11.0%* 13.43*

AxB 6 10.26** 905.52** 6.995** 2.08** 5.05** 9.033**

Error 24 1.69 61.44 0.051 0.083 0.194 0.33

C.V. 15.85 13.33 3.12 17.01 14.89 16.26

**: Significant at 1% level of probability.
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Figure 1. Mean of mini-tuber number per square meter in potato cultivars and different levels of Humi-Fert Ultra.

of produced tubers and tuber yield. Small tubers mini- tubers have more waste than the bigger small tubers have weak yield in the field cultivation
production may not be sufficient. As a result, small tubers during storage period (Lommen, 1993) and (Lommen and Struik, 1995; Khalafalla, 2000).
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Figure 2. Mean of mini-tuber weight per square meter in potato cultivars and different levels of Humi-Fert
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Figure 3. Mean of mini-tuber average size in potato cultivars and different levels of Humi-Fert Ultra.

So, bigger tubers production is preferred. Georgekis et al.
(2002) reported that mini- tubers of 4 to 32 g are
sufficient for cultivation. Although min-tubers cutting
decreases costs, it increases diseases. Bases on the
results of this experiment and due to the importance of
mini-tuber number and using weights of 3 to 7 g and
bigger than 7 g to produce, Humi-Fert Ultra with 2 ml per

300 L water is suggested as sufficient treatment for
producers.

There was positive significant correlation between
number of mini-tubers per square meter with number and
weight of mini-tubers between 3 and 7 g and bigger than
7 g; and weight of mini-tubers per square meter and
weight of mini-tubers per square meter with mini-tubers
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Figure 5. Mean of mini-tuber number between 3 and 7 g in potato cultivars and different levels of Humi-Fert Ultra.

number between 3 and 7

between 3 and 7 g and bigger than 7 g (Table 2). These
results are in accordance with that of Vanaei et al.

g, and mini-tubers weight (2008),

Hassanpanah

and Azimi

Hassanpanah et al. (2011).
The interesting point in Table 2 is that there is a significant

(2010)

and
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Figure 6. Mean of mini-tuber number bigger than 7 g in potato cultivars and different levels of
Humi-Fert Ultra.
Table 2. Correlation between attributes for potato cultivars.
Mini-tuber number Mini-tuber weight Mini-tuber Mini-tuber
Parameter <3 3.7 57 <3 3.7 >7 number weight
g 9 g g 9 g per m?2 per m?2
Mini-tuber number (3-7 g) -0.32
Mini-tuber number (> 7 g) -0.59* 0.21
Mini-tuber weight (< 3 g) 0.85** 0.03 -0.63*
Mini-tuber weight (3-7 g) -0.62* 0.86** 0.35 -0.22
Mini-tuber weight (> 7 g) -0.76** 0.48 0.72** -0.49  0.80**
Mini-tuber number per m? -0.22 0.72** 0.69* -0.08 0.89** 0.56*
Mini-tuber weight per m? -0.16 0.77* 0.11 0.31 0.84**  0.61* 0.56*
Mini-tuber size average 0.02 0.28 -0.39 0.43 0.49 0.30 -0.13 0.73*

* and **: Significant at 5 and 1% level of probability, respectively.

positive correlation between mini-tubers per square meter
with weight of mini-tubers per square meter (p<0.05) (r =
0.56). These results are in accordance with that of
Vanaei et al. (2008), Hassanpanah and Khodadadi
(2009), Hassanpanah and Azimi (2010) and
Hassanpanah et al. (2011).

The highest correlation coefficient (r = 0.89) belongs to
the mini-tubers per square meter and mini-tubers weight
between 3 and 7 g followed by between mini-tubers
number and weight of 3to 7 g (r = 0.86). Hassanpanah et
al. (2011) reported significant positive correlation
between mini-tubers per square meter with weight of
mini-tubers per square.

There was positive significant correlation between mini-
tuber weight per square meter with mini-tuber average

size (p<0.01) (r = 0.73). These results are in accordance
with that of Gopal et al. (2002).

Conclusions

In this research, Humi-Fert Ultra with 2 ml per 300 L
water in Savalan, Marfona and Sprit cultivars increased
mini-tuber number per square meter by nearly 420, 405
and 275 numbers, respectively. Humi-Fert Ultra organic
matter included K by 3%, fulvic acid by 3% and humic
acid by 12%. Its material helped to aggregate and
improve soil structure. In sandy soils, it led to increase in
cationic exchange capacity, further spread of root
system, and adjustment of salinity and alkalinity root
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environment  (rhizosphere). By stimulating plants
physiological activities it led to increase in absorption rate
of materials by the soil, increased speed transfer of food
from the root to the leaves and fruits. As a source of
energy, it is consumed by soil organisms, and magnifier
population raises it in the soil. In this experiment, Humi-
Fert Ultra increased mini-tuber number per square meter
in Savalan cultivar by 420 numbers. In Iran, each mini-
tuber was close to $ 0.25 during 2011. Based on this
result, the cost was $ 105, an additional income for
producers. In addition to the economic incomes,
progressive farmers will get low production cost and
lower prices of mini-tubers.
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