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Abstract— In general potato suitable cultivated in the highland area, the reasoning is in this altitude area the tuber’s growth of potato
in which provides the optimum climatic condition. Vegetable such as potato is growth at any time of the year, depending upon the
availability of water or irrigation water. The farmers also the cultivation of potato in medium altitude area due to the availability of

the area is limited. Therefore cultivation of tubers in medium altitude area is investigated. Potato Eigenheimer cultivars and Granola
cultivars were planted at a medium altitude area of 754 m above sea level; in research station of campus Universitas Padjadjaran west
Java Indonesia. The average temperature was 23°C. The treatments were three intervals of irrigation every two days (Al), four days
(A2) and six days (A3); and the treatments were applied three of potassium fertilizer (KCL dosage: 50 (P1), 100 (P2) and 150 (P3)
(kg/ha) which three levels of nitrogen. The result shows that two days of irrigation intervals (A1) and 100 kg/ha potassium (P2) obtain
the highest essential amino acids concentration of Granola cultivar if compared with Eigenheimer cultivar. The interaction between
the application of interval irrigation and potassium fertilizer effects to a mineral such as calcium and iron content in the tuber. While
the content of both mineral is higher in Granola cultivar than that in Eigenheimer cultivar.
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application method shows that 5 L-1 was the best
[. INTRODUCTION concentration that increases the size of potato [7]. Also

Potato is one of alternative source of carbohydrate andComMPpining crop production technology with the application

good source of minerals such as potassium, magnesium, an f GA in 5+6+7 vyeeks afte_r crop emergence seemed to be
phosphorus. More than 50% of Indonesian farmers to bell® t_;est methc_>d In promoting potato tuper growth tha_t the
grown of potato cultivar granola; the reasoning is that fast- medium elevation best concentration to increase the size of

rowing granola plant; high yielding and large of tubers [1] - potato tubers also. .
?3]_ g9 P gny 9 g [1] Although water resources are renewable year by year in
Granola cultivar suitable growth in the optimum condition the form of rainfall and runoff, there are areas where the

on the highlands area between 800 and 1800 meter above s manpls exceed this annual supply._ There may then _be
level; but the availability of high-level area is limited: ardships of crops and livestock depletion of water levels in

therefore the medium altitude land (500 to 800 meter abovewe"S’ industrial and power losses sea water in g_ru_nio_ns too
dangerous to health and other problems. The limitation of

sea level) could be an alternative to be the area is " O
investigated. Nonetheless, the cultivation of tubers in water resources may cause competitively on irrigation
medium altitudes is subject to unfavorable conditions such@auirement [8}-[12]. . .

g Water is one of the most important factors in potatoes

as heat and water shortage, subsequently adverse tuber yiel h - .
g g y y roduction. The physical character of the plant; nutrient

and quality [4] — [7]. Thus, an adequate supply of water andP i
nutrients must be managed to fulfill the tubers requirement, Status of the soil and nature and extent of weed growth are

Producing potato tubers at the medium elevation is affected by the availability of water. Most water for crops

challenging at the crops may create less number of tubersSuCh a potato comes from rainfall, however one cannot

and small size of tubers because of the temperature effectss.OIer deper_1d on (;algfagl. F_or obtaining high gotgto yields,
Investigated of improving potato tubers size at the medium €Xtra water is needed, but in most potato producing country

elevation by applying GA3 at different concentration and of the tropic irrigation water use efficiency is low. Timing
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and amount of water applied for irrigation affect irrigation necessary to meet the needs of food. Water as such and also
efficiency. The water requirement of land preparation is a as a carrier of a large amount of nutrient is required in a
substantial point of total water supplied in growing potatoes large amount of nutrient, is required in large measure for the
[13]-[15]. successful growth of crops.

Applied of water and nutrient as fertigation for potato Irrigation management determines water availability,
plant is an essential requirement to increase high yield.influences nutrient availability, and may affect sail
Furrow irrigation method was historically used to provide temperature [10], [19], [20]. Therefore, it is highly desirable
water for crop evapotranspiration (ETo) requirement. to have a uniform moisture supply in the soil at all times
Calculation of ET using the FAO [16]-[18]. Models were during the growing season. Applying an overabundance of
based upon needs and depend on data available in the aregater and then waiting too long for the next application may
— some of the models to prediction of ETo. result in, second growth, cracked potatoes, and relatively

These are (1) Blanney Criddle; (2) Pan Evaporation; andlow yield. Thus interval irrigation plays an important role to
(3) Pennman-Monteith. The Blanney Criddle method were supply water requirement of the potato during plantation

determined from: [21], [22].
The sustainability of crops production system depends on
ETO = KPT/100 ...ovviiiieeeeeee et (1) the strategies for nutrient loss and replacement. During the
transition from dormancy to active growth water uptake by
Where: the roots and transport to the shoots are driven by positive
ETo = monthly evapotranspiration root pressure, include by remobilization of stored nutrients
K = crop coefficient and starch and unloading of osmotically active solutes into
P =duration of sunshine (%) the xylem.
T = monthly mean temperature Evapotranspiration is the combined losses of water,
The Pan Evaporation method were determined from: resulting from plant transpiration and  surface
evapotranspiration. Evapotranspiration is major component
ETO = CE.EP oo (2) of the hydrologic cycle; about 70 to 75 percent of the
precipitation is returned to the atmosphere by
Where: evapotranspiration while the remaining 40 percent becomes
ETo = evapotranspiration (mm/day) runoff.
Ce = pan coefficient Vegetable crops such as potato growth at any time of the
Ep = pan evaporation (mm/day) year, depending upon the availability of water or irrigation
Pennman-Monteith method were determined from: water. Irrigation water of potato should be scheduled such as

irrigation interval by observing soil moisture level, Adequate

_ 04BA(RN—G)+Y g o=tiz (es—eq) supply of water by applied irrigation interval an essential

ETo= My(140,3d4uy) e (3) method of irrigation is required by potato plant from the time
of tuber initiation almost until the tubers are mature in
Where: obtaining a good yield of high-quality potatoes. A potential
ETo = evapotranspiration (mm/day) supply of water before tuber initiation increase the number
Rn = netto radiation (MJ/ffday) of tubers per plant, whereas maintenance of adequate
G = radiation density on soil (MJfday) moisture level after this stage increases in tuber size [23].
T = daily mean temperature on elevation 2°@) ( Potato plant needs macro and micronutrients available
u, = wind speed on elevation 2 m (m/s) influence of environmental condition such as water
e = steam pressure (k/P@j availability. The studies of potato have evaluated fertilizer
e, = actual steam pressure (kPa) demands and have indicated improve results with fertilizer
A = slope curve steam pressure (Klep/ using macronutrients were required for potato during
vy = psychometric constant (kP@) cultivation. Macronutrient these are nitrogen (N); potassium

(K) and phosphorus (P). Vegetables also need the following

Estimated of ETo in Jatinangor Blanney Criddle and Pan micronutrients; these are magnesium (Mg); calcium (Ca);
Evaporation method more effective if compared with sulfur (S); iron (Fe); zinc (Zn); magnesium (Mn); copper
Pennman-Monteith; the reason is limited of data collected (Cu) and boron (B). Each nutrient contributes to metabolic
from wheater station available. Over-irrigation such as process in tubers and impact to determining yield tuber
flooding irrigation cannot allow for potatoes cultivated, quality.
because potato tubers are placed below on the soil surface.

Calculation of crop water use is necessary for efficient Il. MATERIALS AND METHOD
use of irrigation water and are essential for environmentally o o
sound irrigation crop production. Irrigation is essential to A Irrigation Interval Application Method
raise crops necessary to meet the needs of food. The interval Agriculture is the greatest users of water, is directly
of irrigation water is supplied to supplement the water concerned with the increasing demand for water. The
available from the resource of irrigation such as rainfall and improved efficiency of water supply increasing emphasis
contribute to soil. must be placed on more fully, and water will become

Irrigation is artificial of water to soil or crop media for increasingly important for agriculture. Surface irrigation is
crop production. Irrigation is essential to raise crops used on more than 50% of the Indonesian’s farmers because
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it has a lower initial cost; lower energy demands but low investment of equipment and lower pumping costs per
water application efficiencies and not suitable for potato hectare.
crops. Before applied of design interval irrigation by using it in
The furrow method of irrigation is used in the irrigation of furrow irrigation requires proper land grading; the land must
the row crops with furrows developed between the crop rowsbe graded so that water can travel the entire length of this
in the planting and cultivating. Furrow irrigation is row without ponding. The soil will absorb water slowly, a
conducted by creating small parallel; and where farmerswide relatively shallow; furrow is preferable since it gives
flow water down small trenches running while channels more area for the water to infiltrate. Figure 1 below showed
along the field length in the direction of the predominant that furrow irrigation method used in the irrigation of row
slope. Water is applied to the top end of each furrow andcrops with furrow developed between the crop rows in the
flows down the field under the influence of gravity. The planting and cultivating.
advantage of furrow irrigation includes a lower initial

>
Lo}

100 cm 75 cm 100 cm

Fig.1 Furrow Irrigation Design

Furrow irrigation method used to irrigation water in this the energy was 500 watt). Afterward, the sample was
potatoes tubers of Granola and Eigenheimer cultivars toreconstituted treated with 6-amino quinol N-hydroxy
investigation which three levels of interval irrigation these suscionnydil carbonate (AQS and AQC buffer. Water amino
are every two days (Al); four days (A2) and six days (A3). acid hydrolysate standard was used for evaluation of amino
In this study design of furrow, which is wide of furrow acid content in the samples. The sample was injected in a
channel is 75 cm with 15 cm depth; length of each field 300 Multi-Pump  Gradient Water HPLC system (Water
cm and 100 cm wide (Figure 1). Furrow irrigation was Corporation Milford Michigan USA). The Millineum 2010
checked every day and water added as interval irrigationchromatography manager system was applied to evaluate the
needed. amino acids. Two repetitions were made for each sample

The mechanism of furrow irrigation method, which is the Aspartic acid (GLU); Glicine (GLY); Histidine (HIS);
water is ponded in the furrow until the soil absorbs it as Threonine (THR); Arginine (ARG); Alanine (ALA), Proline
infiltration and consumptive use for the potatoes. Furrow (PRO); Cystine (GYS); Tyrosine (TYR); Valine (VAL);
irrigation used to irrigated potatoes cultivation which crops Methionine (MET); Lysine (LYS); Isoleucine (ILE);
planted in rows, suitable where potato cultivated the land Leucine (LEU) and Phenylalanine (PHE) were determined.
slope does’ not exceed 3 percent. Beyond this, there is a
major risk of soil erosion following a breach in the furrow
system. Potatoes is grown on top of the ridge with furrows
between each potato row.

2) Potassium: Potato needs a lot of nutrient potassium,
especially for the potato tuber. Potassium is the number one
nutrient if compared than other nutrient went it comes
growing potatoes. In the wetland, there is not much
B. Amino Acid and Nutrients regarding source potassium. It should be applied during the
) , ) , i final land preparation of potato plant. Potassium indicates
1) Amino Acid: Method of amino acid with Revered ihat maximum the tuber yield on furrow irrigation method if
Phase- H|gh-Perf0rmanc_e Liquide Chromatography _(RP' compared with another method such as flooding irrigation,
HPLC); 0,2 mg freeze-dried sample was hydrolysed with 6 gprinyier irrigation, and drip or trickle irrigatiorin this
M HCL containing 3% phenol solution in MSL-Mega jyyestigation, potassium (K) was determined 0.2 gram of
M'lcrowave (Leothireh. Germany). The first 30 minutes greeze dried sample was treated with 4 ml 65% HNO3 in the
Nitrogen flowed, followed by 30 minutes vacuum and tefion crycible, placed in the oven at 180 degrees Celsius

hydrolysed with microwave for 30 minutes (the first 5 4 11 hours. Afterward, the sample was transferred into 10
minutes the energy was 1000 watt and the rest 15 minutes
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ml round graduated flash, make up to volume with deionized LECO Corporation Michigan USA O4 gr sample was put in
water calcium and potassium were measured with Flamethe sample holder and Combusted. The construction will
Photometer (Eppendorf Alex 6361, Engelsdorf Deutschland) modify any elemental Nitrogen into N, and NOx and the
and iron with the Atomic Absorption Spectrophotometric catalyst heater of LECO instrument will change Nox to N2.
(AAS, from Unicom M series, Cambridge England), average The results are presented as total nitrogen for each sample.
consist of three repetitions for each sample.

3) Nitrogen: Potatoes productions require a relatively lll. RESULTS ANDDISCUSSION

high amount of fertilizer. Nitrogen could increase root and A, Impact of Irrigation Interval to Amino Acid
size of tubers. Water and nitrogen for potato plant are one of In this research. essential amino acids included: THR

important for the sustainable management of potato cropping\/AL MET. LYS. ILE. LEU. and PHE. The essential amino

system. For efficient use _fertilize_r of potatoes growth, acids concentration in Granola ranged from 43 to 54 ¢
several procedures are imperative to understand theAA/lOngrotein, while in Eigenheimer this was between 44
transportation processes of the nutrient elements totill 48 g AA/100 g protein

developed practice to minimize losses of those important From figure 2 shoWed that highest of amino acid
resources. Potato yield response to nitrogen application is, ag,

expected higher in the interval irrigation with furrow ncentration of Granola cultivar could be obtained by
irrigation method than in the continuous flooding water. But imigation interval two days (A1), and 100 kg/ha potassium

the vield of potato tub ducti f ¢ fertilization (P2) whilst Eigenheimer cultivar had the highest
€ yield of potato tubers requction on waler SUesS WaSygsentia| amino acids concentration by irrigation interval
considerably higher if low moisture content. Early drought

. . -9~ four days (A2) and 50 kg/ha potassium fertilization (P1).
stress reduced yield much_less When_nltrogen appllcatlon.l.he results indicated that Granola cultivar needs less
increase the amount of nitrogen, which are last '[hroughirrigation water but high potassium fertilizer during
drought and the crop responds to subsequent cultivation to get highest of amino acid concentration if

The StUdy of the impact of irrigation interval to nutrient Compared with Eigenheimer cultivar which needs more
mineral was the determination of nitrogen as follow: total water (A2) and less potassium fertilizer during whole
nitrogen content was determined on freeze-dried materialcyltivation.
with the Nitrogen Determination LECO CN 2000; from

80
1 Levery two days'—| |- every four days' | every six days'~
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Sum of essential amino acids ?
(g AA/100 g protein)
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! = watering intervals, bars indicate SEM
Fig 2. Essential amino acids of potato tubers cultivar Eigenheimer and Granola.

Total amino acid showed that Granola cultivar ranged moisture in the soil. The effect of irrigation is directly
from 0.70 to 1.49 grams AA/100 grams protein and while proportional to the rate of water uptake by the plant.
Eigenheimer cultivar from 0.82 to 1.55 grams AA/100 L i
protein. Proline concentration was affected by the interactionB: mpact of Irrigation Interval to Potassium Content
between irrigation interval and cultivars (P<0,001) as well as  The response of potassium absorbed on potato plants was
between varieties and fertilizer (P<0,046). tailoring stage and increases the number of potato tubers as

Proline with irrigation interval two days (A1) indicated in well as the weight of tubers. In the wetland, there is not
the lowest concentration; while the highest accumulation much regarding the source of potassium. It should be applied
was obtained by irrigation interval six days (A3). The during the final land preparation of the potato plant.
reasoning of these results are probably stressed of potatoeSotassium indicates that increasing the tubers yield on
plant due to the late supply of water to the soil; and will interval furrow irrigation if compared with other irrigation
impact by lowering the osmotic potential if osmotic pressure methods such as flooding irrigation, sprinkler irrigation, and
of the soil solution retards the uptake of water by plants. drip or trickle irrigation. Figure 3 below showed results
High water consumptive creates a more significant deficit of potassium content of potato tubers of Granola and
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Eigenheimer cultivars. Soil moisture plays an essential rolesoil. Interval irrigation two days (A1) and interval irrigation
in the uptake of potassium from the ground. Sufficient water four days (A2) assumed that up to take potassium could high
from irrigation carries potassium to the roots and for the but irrigation interval six days (A3) excessive water moving
plant to absorb the potassium nutrient. According to Michael through the soil leads to washing and leaching of potassium
(1999), high soil moisture more uptake potassium from the from the soil.

457 |_every two days'| |-every four days’| |-every six days'— p————
[EEES Eigenheimer

Potassium content (% DM)

50 100 150 50 100 150 50 100 150
Potassium application (kg ha“)

! = watering intervals, bars indicate SEM
Fig 3. The potassium content of potato tubers cultivar Eigenheimer and Granola.

Figure 3 also showed that interval irrigation influence treatment potassium fertilizer of 150kg/ha did not show that
with two cultivars of the potato and potassium fertilizer, higher potassium content because the treatment P2 good
which Granola cultivar had a higher overall mean potassiumenough for the two potatoes cultivars.
content if compared with Eigenheimer. Potassium content L i
for Granola cultivar ranged from 2.8 to 3.8% DM for all C- Impactof Irrigation Interval to Total Nitrogen
treatments. The mean of irrigation interval six days (A3) was  Nitrogen influence the strong nutrient of nitrogen and the
higher potassium content than irrigation interval two days movement of sucrose from the dead leaf to the tuber.
(A1) and irrigation interval four days (A2). Treatment Nitrogen in potato is critical for high yields, and nitrogen
potassium fertilizer of 100kg/ha (P2) had a higher potassiumavailability cannot limit for potato growth.
content than treatment potassium fertilizer of 50kg/ha. The

2,8 1 |every two days'— pevery four days'~| |- every six days'—|

26 . Granola

[ Eigenheimer

2.4

2.2

2,0

Total nitrogen (% DM)

1.8

1.4

0.0

50 100 150 50 100 150 50 100 150
Potassium application (kg ha™)

! = watering intervals, bars indicate SEM
Fig 4 Nitrogen content of potato tubers cultivar Eigenheimer and Granola

The results of studies on fertilizer-irrigation relationship enhanced by an increase in the level of fertilizer application
lead to the following conclusion: (i) water use efficiency is [11], [24] — [28]. Figure 4 showed the nitrogen content of
raised by fertilizer which increases dry matter production, potato tubers Granola and Eigenheimer cultivar.

(ii) the response to fertilizer is generally of a higher order  From figure 4 showed that total nitrogen was affected by
under irrigated conditions than under unirrigated conditions, the interaction between irrigation interval and fertilizer and
and (iii) response to frequent irrigations is generally also between cultivar. Eigenheimer cultivar had a higher
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overall mean than Granola cultivar. Irrigation interval two [8]
days (Al) significantly different from irrigation interval six (9]
days (A3) but not from irrigation interval four days (A2),
while between A2 and A3 was significantly different. [10]
Potassium fertilizer influenced nitrogen content, but the
treatment P2 (100kg/ha potassium fertilizer) is significantly
different than treatment P1 (50kg/ha potassium and P3p11
(150kg/ha potassium fertilizer).

Figure 4 also showed that high nitrogen content of
Granola cultivar obtains by irrigation interval four days
(A2) and 100 kg/ha potassium fertilizer (P2), while
Eigenheimer had highest nitrogen by irrigation interval four
days (A2) and 50 kg/ha potassium fertilizer (P1). The total [13]
nitrogen content of potatoes ranged from 1 to 2% DM, and
about 90% is soluble in the usual aqueous solvents.

[14]
V. CONCLUSION

Irrigation interval influenced to an amino acid, potassium
content, and total nitrogen of potato tubers, but each
treatment of irrigation interval varies for Granola and
Eigenheimer cultivar. The highest essential amino acids
concentration obtain by two days irrigation interval (A1) and
100 kg/ha potassium fertilizer. For Granola cultivar. There
was the interaction of high application of the highest dosage[16]
of potassium fertilizer with a potassium content of Granola
cultivar. Granola cultivar indicated need less irrigation
water, but high potassium fertilizer, while Eigenheimer [17]
cultivar needs high irrigation water but less potassium for
results of amino acid.
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