International Journal of Research in Agronomy 2018; 1(2): 26-30

International Journal

of

Research in Agronomy

E-ISSN: 2618-0618

P-ISSN: 2618-060X

© Agronomy
www.agronomyjournals.com
2018; 1(2): 26-30

Received: 23-05-2018
Accepted: 26-07-2018

Parveen Kumar Jain

Professor & Head, University of
Agriculture Science, Chandigarh
University, Chandigarh, India

Corresponding Author:

Parveen Kumar Jain

Professor & Head, University of
Agriculture Science, Chandigarh
University, Chandigarh, India

Proper design and layout of drip and fertigation system
in apple orchards

Parveen Kumar Jain

Abstract

Apple (Malus demestica) is produced commercially in countries in temperate regions of the world and in
some high altitude area. The north western Himalayas are a suitable area for apple in India. The apple is
believed to be healthy and it helps in alerting many incidences of dental caries, obesity, and supply energy
also. The consumption and demand of apple is huge, due to health benefits and as such to meet this
requirement new varieties were introduced which can be grown successfully in the low chilling area and in
hot climate also. The crop productivity can be improved if they are supplied with proper moisture and
nutrition. The new irrigation technology of trickle or drip irrigation can be successfully adopted in this
crop. The drip irrigation is a system with high water efficiency particularly for tree crops on slopes’ process
of supplying precise and slow application of water in the form of discreet drops, continuous drops, tiny
streams or miniature sprays. The fertigation is another hand in hand technology that can also be used with
drip water.by the nutrient efficiency can be achieved to higher levels.asn apple orchard bearing 150
tonnes/ha would have uptake of 128 kg N through the drip irrigation, 187 kg of K, 15 kg Pand 15 Kg of
Caper ha in fruits.
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Introduction

Apple cultivation in India started during eighteenth century and now it is an important crop of
temperate regions. Apple crop ranks sixth amongst fruits production in India. China is largest
apple producer in the world with 43 percent share, however, India has only 3% share. In India,
apple is primarily grown in the states of Jammu-Kashmir, Himachal Pradesh and Uttarakhand as
the chilling requirement of apple buds are fully met here from the snowfall and frost during
winter when the trees are in deep dormancy. The area, production and productivity data of apple
in these states have been given in Table-1.

Table 1: Apple area production & productivity in various countries and in India.

Country Area (Lakh Ha) | Production (Lakh T) Productivity (In T/Ha)
China 20.00 298.5 14.90
USA 1.41 43.58 30.70
Polland 1.70 28.31 16.50
Iran 1.74 27.18 15.60
Italy 0.55 22.05 40.40
Turkey 1.29 25.04 19.30
France 0.22 19.40 37.20
India 2.80 17.78 6.30
World 47.96 698.19 14.60
Jammu & Kashmir 1.28 13.12 10.27
Himachal Pradesh 0.98 5.10 5.20
Uttarakhand 0.32 1.30 4.06

Source: FAO database & state directorate of Horticulture

The data given in Table-1 clearly indicates that the productivity is high in Jammu—Kashmir as
compared to other two states. It is mainly due to the best climate available in this state.
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In Jammu-Kashmir, there are regular snowfalls and winter rains
which provide sufficient moisture in the soil to protect the
bloom from spring frosts, resulting in good fruit—set. Further,
this zone being in inner Himalayas, the summers are cool and
dry and there is plenty of sunlight available to the growing crop.
The shortage of moisture during critical periods of crop growth
and fruit development affects both yields and sizing of produce,
thus affecting receipts through both volume of production and
average price. If precise irrigation facilities are created, and a
systematic approach to cultural practices is adhered-to, the
yields and quality can be increased manifold.

The main limitations are the non-availability of

1. lrrigation

2. Suitable cultivar which can produce sustainable yields
under changing environment.

3. Nutrition for their efficient use during the growth stage
when an apple tree demands.

4. Training and pruning.

5. Disease and pest management.

6. Protection of fruits from hailstorms.

1) During early days the snowfall in winters and rains during

summers were regular, hence people did not realize need for
irrigation. From last few decades neither snowfall nor rains
occur at proper times — some years in excess, in other years,
deficient. Looking to the topography of apple growing
areas, water can be stored in tanks and can be used
whenever necessary through drip system for irrigation.

2) Cultivars have been developed which do well under
fluctuating temperatures. These are to be popularized on
priority basis.

3) Fertigation can be used for application of nutrients along
with irrigation water. The nutrient can thus be made
available to the trees when they require them most.

4) Although the system of training and pruning is
recommended since long, however, it has not been used as
an essential practice. Proper training and pruning gives
strong framework to a tree and also enable the tree to yield a
normal crop on a regular basis.

5) The first precaution to be taken up for management of
diseases and pests is to maintain proper sanitary conditions
in the orchard, provide conditions for aeration and sunlight
upto the inner parts of the tree. Use of appropriate
fungicides and insecticides at proper timings are very
important for their control and to check their spread.

6) In some pockets, during summer, the hailstorms occur
regularly which adversely affect the quality and production.
Planting of apple orchards in these areas should be avoided
and be put under temperate nuts like walnut, pecan nut etc.

7) Several orchards do not have sufficient number of pollinizer
varieties.

Irrigation and Fertigation of apple

Due to low frequency and uncertainty conditions of snowfalls
and rains, the availability of water has become inadequate for
normal growth and fruiting. Due to rainfed conditions or
improper conventional irrigation practices, apple yield is
affected greatly. Due to tough competition from imported apples
in Indian market as well as competition and stringent quality
expectation in export market, there is a great need of adoption of
advanced irrigation and fertigation techniques. According to
Stiles et al. (1995) 61 with fertigation, nutrients dissolved in
water can be more quickly delivered to the root zone of apple
trees. This is an additional benefit of microirrigation that effects
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yield, quality and growth.

What is drip irrigation?

Drip lIrrigation is the method of application of water and
fertilizers directly near the root zone at frequent intervals and at
low application rate so as to maintain proper air-water balance
within the root zone of the crop. It is the pressurized irrigation
system, water reaches to the farthest end under pressure and
gives equal volume of water within the field area.

Characteristics of drip irrigation

1. Water is applied at a low rate to maintain optimum air-water
balance

1) Within the root zone.

2) Water is applied over a long period of time.

3) Water is applied to the plant and not to the land.

4) Water is applied at frequent intervals.

5) Water is applied via a low pressure delivery system

On resumption of growth after winter dormancy, apple trees
should start getting irrigation. The flowering starts when the
trees attain 4-5 years age. Drip Irrigation should commence two
weeks after petal fall and continue till October. In case the water
availability is limited, it should be used judiciously at critical
stages of water requirement i.e., at

(i) 20-25 days prior to flowering

(ii) 1-2 weeks after petal fall

(iii) 4-5 weeks after petal fall

(iv) 3-4 weeks prior to fruit maturity

(v) .Insuch conditions drip irrigation plays vital role.

Lay out for apple drip irrigation
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Advantages of drip irrigation system in apple
e With use of drip irrigation overall yield and quality of apple
increases.
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e During the prolonged gap of rainfall, drip irrigation is useful
to avoid water stress, this timely survival irrigation also help
to increase the yield.

e Drip irrigation promotes early maturity. Early harvest
fetches higher price in the market and improves
profitability.

e Drip irrigation increases the vegetative growth i.e., tree
girth, tree height, shoot extension growth, tree spread, tree
volume and leaf area.

o Drip irrigated apple exhibits higher flowering intensity and
fruit set.

e  With drip irrigation incidence of fruit drop reduces.

e Minimized fertilizer/nutrient loss due to
application and reduced leaching.

e It is observed that use of drip irrigation accelerates
assimilation and stimulates the formation of anthocyanin,
which is responsible for red colour development.

o High water application efficiency. In hilly and undulating
terrain, specially designed drippers can provide uniform
discharge for change in static head.

e Reduction in manpower requirement. Operation of drip
irrigation system involves least manpower.

e Energy saving. In hilly areas where sufficient elevation
head is available, drip irrigation can be operated on gravity
pressure without electricity.

e Control over weed growth, reduction in weedicide expenses
and labour expenses.

e Improved disease control.

localized
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e  Minimized soil erosion.

In water scarce areas for the purpose of drip irrigation, water can
be stored in poly lined tanks from the water sources such as roof
water harvesting, natural water springs, tube wells or by lifting
water from rivers. If water is available near orchard from river,
canals, etc., irrigation system can be directly connected from
there. In cold regions, losses due to evaporation and
transpiration are comparatively less as compared to warmer
areas. The irrigation to plots can be designed accordingly during
rainy season, if there is no rain for several days, irrigation has to
be provided. On the basis of tree age, the approximate water
requirement has been given in Table 4. Girona et al. (2010) ™
observed an initial low crop coefficient of 0.2 at bud break that
continued to increase until harvest where the crop coefficient
reached an average maximum o0f0.8, which then dropped down
to 0.4 at the end ofthe irrigation season after fruit harvest.

Table 4 (a): Approximate daily water requirement of apple trees
(It/tree/per day) under drip irrigation system. (Planting Distance 6x6

metre)
Age of tree (y) | April | May | June |July| August | September
1 10 | 15|30 |20 4.0 3.0
2 25 | 50]10.0(13.0] 145 11.0
3 3.0 | 6.0 [12.017.0] 19.0 14.0
4 6.5 |13.0]26.035.0] 38.0 29.0
5 10.0 | 20.0 | 40.0 [55.0| 60.0 45.0
6> 14.5 129.0|58.0 |[79.0| 86.0 65.0

Table 4 (b): Approximate daily water requirement of apple trees (It/tree/per day) under drip irrigation system. (Planting Distance 4x2.5 metre)

Age of tree (y) | April | May | June | July | August | September
1 1.0 15 3.0 2.0 4.0 3.0
2 25 5.0 10.0 | 13.0 145 11.0
3 3.0 6.0 | 120 | 17.0 19.0 14.0
4> 6.5 13.0 | 26.0 | 35.0 38.0 29.0

These values are for true temperate climate where winters are
severe and are experiencing regular snowfalls. In summers, rains
are scanty and precipitation is confined to few centimeters only.
Area specific refinements are only possible through experiences
or by using location specific climatic data and considering soil
type. For intercrops like potato, french bean, tomato,
cauliflower, cabbage etc., additional quantities of water will be
required which can be estimated for each of these crops.

In high density, all super dwarf and semi dwarf clonal rootstock
have a limited root volume, most of the roots that feed are
located in the top 30 cm of soil profile. The M.9 rootstock is
much less tolerant to dry soils than the vigorous rootstocks like
MM-111 or apple seedlings. Further, large highly feathered trees
produce much more leaf area shortly after planting than un-
feathered trees which creates a high water demand before the
root system can re-grow sufficiently to support the trees.
Frequent and early drip irrigation can help these trees produce
good growth in the first year. Hence, it is recommended that
growers should install drip irrigation system soon after planting
to prevent water stress and maximize initial years tree growth.
Soil that have adequate moisture available throughout the
growing season are likely to establish better trees, grow more
fruit bearing shoots, initiate more and healthier fruit buds and
produce larger, better keeping quality apples. Each mature apple
tree on fully dwarfing rootstock may require 25-35 litres of
water per day in May, June, July and August when applied with
a drip irrigation system. Irrigation can influence the individual

sizes of fruit in the orchard, and have a positive effect on the
following year crop. A tree experiences stress of available
moisture long before its leaves wilt. The ideal situation is to
have a continual supply available all through the season so
growth is not interrupted and the tree is not stressed. A level of
40-50 per cent 38 Apple Hi-Tech Cultivation Practices available
soil moisture(A.S.M) is considered adequate for all soil types.
With drip irrigation system the A.S.M under the emitters is
maintained at 85-90 percent. The A.S.M. can be determined by
feel. Fine textured soils (silt and clay loams), which can be
cupped in the hand and gently squeezed and moulded into the
ball that holds together, probably contains upto 50 per cent
A.S.M. A ball which is somewhat crumbly, although holds
together with pressure, may contain only 30 to 40 per cent
A.S.M. or less.

Frequent low doses of nitrogenous fertilizer delivered at least
twice weekly through the drip system for the first 12 weeks of
resuming growth will greatly improve tree growth during the
first 2 years to speed development of the canopy. With high tree
densities as with the Slender Spindle system and highly
feathered trees, almost no lateral tree growth is required and
only vertical extension growth is needed. Adoption of immediate
fertigation of highly feathered trees will considerably improve
tree growth and vastly improve yield potential during the initial
years of orchard establishment. Kiiciikyumuk et al. (2012) @
also found that through the use of drip irrigation, they could
increase the quality and quantity of apples, while decreasing the
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amount of applied water and decreasing the evapotranspiration
(ET) rate. For moderate densities, trees must be grown
vigorously for several years to fill the allotted space with canopy
and relatively high nitrogen fertilization is desirable for 2-3
years after planting. However, excessive N fertilization can
cause too much growth which results into delayed flowering,
reduced vyields, poor fruit quality and greater pruning. After the
development of canopy, the mature trees should be fed with low
nitrogen fertilization to keep the trees “calm” with a balance
between vegetative growth and fruiting. The soils which are rich
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in organic matter or have complex proteinacious substances in
them produce 30 to 60 kg/ hectare of nitrogen annually through
nitrification. This is almost half of the total amount needed by
mature high density orchards. The 1/3rd of N requirement is
given in April as active root growth starts before any obvious
bud development in the tree canopy. The remaining 2/3rd of the
N requirement is applied in equal amounts with subsequent
irrigation in May and June, but not thereafter.

Fertigation of apple

Table 3: Nutrient requirement and Fertigation schedule for standard planting

Nutrient requirement/plant Fertigation scheduling & quantities of chemicals/plant/dose
Zn. Fe - .
Age . Zn, Fe, | B, | No of doses . Ca| M ' IBoricl Ammonium
(3) Period (N) (P) (K) Ca(g) (mg) Cu, Mn | Mo (once U(rga P:;fjp(flnc;:’;c NEO)P NO3 SOQL SCUL: hMart]é Acid|Molybedate
9191 D (mg) |(mg)| weekly) | o) (ma) [ G| (Mo)
1 | March-August [60[60/60| 300 |250| 200 |200 24 5.4 2.7 42 | 62| 52 42 50 16
2 | March-August 1201201120 300 |250| 500 | 200 24 10.9 5.7 83 | 62 | 52 105 50 16
3 | March-August [180[180[180] 500 |[500| 500 |500 24 16.9 8.7 125 | 104 | 104 105 | 125 40
4 | March-August 240240240/ 2000 |2000{ 1000 |1000 24 21.7 10.8 16.7 | 416 | 416 210 | 250 80
5 | March-August [300300[300| 4000 {4000 2500 |2500 24 27.2 135 20.8 | 832 832 525 | 625 200
April 120216/ 0 | O |2000] 1700 | 800 4 65.2 60 0 0 | 2500 | 2125 |1170 385
6 May-June  [240/144120] 0 0 0 0 8 65.2 20 25 0 0 0 0 0
July-Aug 0 | 0 [240] 6000 |4000{ 3300 |1700 8 0 0 50 [3750| 2500 | 2063 [1250 408
April 160252/ 0 | O 3330/ 1700 | 800 4 76.1 70 0 0 | 4162 | 2125 |1176 385
7 May-June 320168140, 0 0 0 0 8 76.1 23 292 | O 0 0 0 0
July-Aug 0 | 0 [280] 10000 |6670| 3300 |1700 8 0 0 58.3 [6250| 4168 | 2063 |1250 408
April 60288/ 0| O [3330] 1700 |800 4 87 80 0 0 | 4162 | 2125 |1176 385
8> May-June  [120192]160, 0 0 0 0 8 87 27 333 ] 0 0 0 0 0
July-Aug 180] 0 320/ 100006670 3300 | 700 8 0 0 66.7 [6250| 4168 | 2063 |1250 408

Note: 1. Fertilizer schedule needs to be adjusted as per crop growth stages as months may vary with locations. April refers to before flowering and
leafing stage, May-June refers to fruit growth and July-Aug. refers to fruit enlargement stage.

In place of Phosphoric acid, the mono-ammonium phosphate
(MAP) can be used. Alternatively SSP or DAP can be applied in
soil during Dec -Jan. Termination of N application in June is
required to slow vegetative growth and promote hardening off
for winter. Calcium nitrate is the preferred N source for
fertigation of fruit trees because soil acidification occurs more
slowly. The K is injected in equal amount with each irrigation in
July and August. The delayed application of K relative to N is to
enhance fruit colour, winter hardiness, tree growth and disease
resistance during the latter half of the growing season. The drip
lines must be flushed immediately after each fertigation to

prevent plugging of the emitters.

Fertigation has been successful in apple orchards, where nutrient
application is synchronized with plant demand, as influenced by
plant age, growth cycle and weather conditions. Positive effects
have been reported on tree nutritional status; for example,
phosphorus and potassium (K) can move more rapidly into the
root zone (Neilsen et al., 1999) [ Fertigation can increase
vegetative and reproductive growth, and improve fruit quality
(Neilsen and Neilsen, 2002; Treder, 2006; Rakicevi¢ et al.,
2012) 7491,

Table 4: Nutrient requirement and fertigation schedule for high density planting.

Nutrient requirement/plant Fertigation scheduling & quantities of chemicals/plant/dose
Zn.Fe,Cu. . .
Age Period N|P|K| Ca|Mg Zn, Fe, B, Mo No of doses Urea [Phosphorict MOP Ca | Mg Mn, BO'T'C Ammonium
V) ©|@]@| @ |mg)| et mg) | o0 | @) [acid(mi) | (@) |13 oo | sulphate | A9 [MONRESae
(mg) weekly) (mg)| (mg) (Mg) (M) (Mg)
1 | March-ugust |30{30{30| 200|200 | 100 100 24 2.7 1.4 21 | 42 | 42 21 25 8
2 | March-ugust |60|60|60| 200 | 200 | 300 100 24 5.4 2.8 42 | 42 | 42 63 25 8
3 | March-ugust [90|90{90| 300 | 300 | 300 300 24 8.2 4.2 6.3 | 63 63 63 75 24
April 40|72 0] 0 [330] 200 200 4 22 20 0 0 0 250 294 96
4 May-June |80(48[40| O 0 0 0 8 22 6.6 8.3 0 0 0 0 0
July-Aug | 0 | 0 [80/1000{ 670 | 300 300 8 0 0 17 | 625| 625 180 220 72
April 50(90/ 0| O [670| 400 400 4 27 25 0 0 0 500 588 192
5 May-June 100,60({50| O 0 0 0 8 27 8.3 10 0 0 0 0 0
July-Aug | 0 | 0 |100[2000{1330| 800 800 8 0 0 21 |1250] 1250 500 588 192
April 60108 0 | O [1000( 800 400 4 33 30 0 0 0 1000 588 192
6 | May-June [120/72(60] 0 | O 0 0 8 33 10 13 0 0 0 0 0
July-Aug | 0 | 0 [120/3000|2000{ 1700 | 800 8 0 0 25 |1875| 1857 1063 588 192
7> April 701126/ 0 | 0 [1670] 800 400 4 38 35 0 0 0 1000 588 192
May-June 140[84|70| O 0 0 0 8 38 11.6 15 0 0 0 0 0
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[ | July-Aug ] 0] o0 [1405000[3330] 1700 | 800 | 8 | o ] o0 [ 29 [3125]3125] 1063 [ 588 | 192 |
Note: 1. Fertilizer schedule needs to be adjusted as per crop growth stages as months may vary with locations. April refers to before flowering and
leafing stage, May-June refers to fruit growth and July-Aug. refers to fruit enlargement stage.

Conclusion

The nutrient interaction with water application rate needs further
investigation in order to optimize both the units of fertilizer and
irrigation volumes for growers. This would allow growers to
satisfy the apple orchard’s nutritional requirements at the right
time with the right quantity of fertilizer, without creating
excessive vigor that could negatively affect fruit yield and
quality. Combining fertigation with appropriate irrigation
scheduling can save up to 50 percent of the amount of water
used compared to a fixed irrigation schedule. Depending on soil
type, leaching of nutrients into the ground water also may be
reduced, further enhancing agricultural sustainability.
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