Himachal Journal of Agricultural Research 41(2): 114-121 (2015)

Fertigation technology for enhancing nutrient use ad crop productivity: An overview
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Abstract

Fertigation - a technique of application of feris along with irrigation water, provides an ebardl opportunity to maximize
yield and minimize environmental pollution. Fertiga ensures availability of fertilizer nutrients the root zone in readily
available form and therefore, minimize fertilizgmpdication rate and increases fertilizer use efficly. The associated increase
in yield with minimum fertilizer application raténcreases return on the fertilizer invested. Based:xperimentation, it has
been observed that fertigation leads to savinguflizer by 25-40%, increased returns and redueadhing of the nutrients.

The present paper is an attempt to review the orle on various aspects of fertigation technology.
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Sustained higher yield with high yielding varieties
depends entirely on the sustainable use of thedihwater
and energy resources, specifically in developingntides
with arid and semi-arid regions. Moreover, inteigsifion
of agricultural production to meet growing markenthnd
requires the simultaneous application of irrigatiwater
and fertilizers. Fertigation - a modern agro-tegaei pro-
vides an excellent opportunity to maximize yieldl anini-
mize environmental pollution (Hagiat al. 2002) by in-
creasing fertilizer use efficiency, minimizing féger ap-
plication and increasing return on the fertilizevaested.
What is fertigation?

The practice of supplying crops in the field widrtfl-
izersvia the irrigation water is called fertigation. In tiga-
tion, timing, amounts and concentration of feréhz ap-
plied are easily controlled. Fertigation allows thedscape
to absorb up to 90% of the applied nutrients, whiknular
or dry fertilizer application typically result irbaorption
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rates of 10 to 40% (Table 1). Fertigation ensgasng in
fertilizer (40-60%), due to “better fertilizer usdficiency”
and “reduction in leaching” (Kumar and Singh 2002).
Drip irrigation is often preferred over other imiipn
methods because of the high water-applicationieffiy on
account of reduced losses, surface evaporation damp
percolation. Because of high frequency water appba,
concentrations of salts remain manageable in tloing
zone. The regulated supplies of water through érpmot
only affect the plant root and shoot growth bubatlse fertil-
izer use efficiency. Fertigation through drip iaigpn re-
duces the wastage of water and chemical fertiljzepdi-
mizes the nutrient use by applying them at critgtabes and
at proper place and time, which finally increaseenvand
nutrient use efficiency. Moreover, it is well recized as the
most effective and convenient means of maintaipigmal
nutrient level and water supply according to cra@vedop-
ment stage, specific needs of each crop and typeibf



Table 1.Fertiliser use efficiency (%) in fertigation

Nutrient Soil application Drip + soil application Drip + fertigation
N 30-50 65 95
P05 20 30 45
K0 60 60 80

Significance of fertigation

Deficiency of N, P and K is a major production con-
straint in sandy soils, which have inherent coistsalike
P fixation, rapid hydraulic conductivity, fasterfiltration
rate, leaching of basic cations and low CEC. Hettige,
cultivated crop in this soil requires large quantf nutri-
ents to support its growth and yield. Considering soil
and crop constraints, fertilizers should be appliedyn-
chrony with crop demand in smaller quantities dyrihe
growing season. The right combination of water antti-
ents is a prerequisite for higher yields and goodlity
production. The method of fertilizer application aéso
important in improving the use efficiency of nutris.
Fertigation enables adequate supplies of waterrand-
ents with precise timing and uniform distributiam meet
the crop nutrient demand. Further, fertigation eeswsub-
stantial saving in fertilizer usage and reducescHewy
losses (Mmolawa and Or 2000).

Similar to frequent application of water, optimupiits
applications of fertilizer improves quality and qtity of
crop yield than the conventional practice. Yietdponses
to the time of N and K application, either pre planly or
pre plant with fertigation, were dependent upor sgie.
Less yield response resulted with fertigated N eavier
soils, compared to the lighter fine sands. Simdaperi-
ments on fine sands also indicated late season &adge
and large fruit yields with 60% drip applied N akccom-
pared to yield response with all pre-plant appheend K.
Researchers noted that drip-applied nutrients eerihe
season of large fruit harvest by maintaining plaumtrient
concentrations late in the season. However, prigrgga-
tion management also requires the knowledge offedil-
ity status and nutrient uptake by the crop.

Monitoring soil and plant nutrient status is aneesil
safeguard to ensure maximum crop productivity. Bap-
erties, crop characteristics and growing ctoas affect
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the nutrient uptake (Mmolawa and Or 2000). Feriigat
enables the application of soluble fertilizers aoither
chemicals along with irrigation water, uniform antbre
efficient. Nevertheless, the increasing uses abgénous
fertilizers have caused environmental problems egaly
manifest in groundwater contamination. There isiract
relation between large NEN losses and inefficient fertiga-
tion and irrigation management. Therefore, wated &h
fertilizer inputs should be carefully managed imer to
avoid losses.

Improved water use efficiency under drip irrigation
by reducing percolation and evaporation lossesyiges
for environmentally safer fertilizer applicationrdtugh the
irrigation water (Mmolawa and Or 2000). The ovepathb-
lem is to identify economically viable practicestloffer a
significant reduction of N©N losses, which also fit in the
farming systems practised under a particular spi tand
set of climate conditions. NEN is very mobile and if
there is sufficient water in the soil, it can mogeickly
through the soil profile. Careful application ofrogen and
water should be able to minimize the amount ofogin
moving below the root zone.

The method of fertilizer application is very impeamt
in obtaining optimal use of fertilizer. It is recomnded
that fertilizer should be applied regularly and dlynin
small amounts. This will increase the amount ofilfeer
used by the plant and reduce the amount lost lghieg
(Shocket al. 2003).

Hypotheses for fertigation techniques
1. Fertigation enhances fertilizer use efficiengy 4D-

60%, hence recommended doses of fertilizers may be

reduced proportionally
2. Drip irrigation promotes root growth in surfdeser

(about 70-80%), hence the nutrients from sub-sarfac

layers may not be extracted
3. Dripirrigation leads to moisture content arofadxbve



field capacity hence may promote leaching of nutri-
ents

4. Use of water soluble fertilizers (WSF) mayde@a
leaching losses beyond surface layer, hence fréquen
split application of WSF is desirable

5. The frequency of fertigation may increase wihtiF
izers doses in order to avoid leaching lossesxicity
if any

Fertigation scheduling

Factors that affect fertigation module are soiletyp
available NPK status, organic carbon, soil pH, sodlis-
ture at field capacity, available water capacitygs, aggre-
gate size distribution, crop type and its physialab
growth stages, discharge variation and uniformibefti-
cient of installed drip irrigation system.

The efficient fertigation schedule needs following
considerationsiz.

1. crop and site specific nutrient management,

2. timing nutrient delivery to meet crop needs and

3. controlling irrigation to minimize leaching oblsible
nutrient below the effective root zone.

In many situations, a small percentage of N an@& (
-30%) and most or all P is applied in a pre-pladcast
or banded application especially in the areas wheéher
initial soil levels are low or early season irrigat is not
required. Pre plant application of P is commomsigsolu-
ble P sources (Phosphoric acid) are costlier thanujar
forms, to avoid the chemical precipitation in dlipe and
the movement of drip applied P away from the ingect
point is goverened by soil texture and soil pH. Kioent
of P is particularly restricted in fine textureddaalkaline
soil. When making a pre-plant application of anyrient,
it is important that the fertilizer be placed withthe wet
zone of the drip system.

A crop specific fertigation schedule can be devetbp
using growing degree days implementation. A soithwi
high N supply capacity may require substantially Ibl
fertilizers. Application of N and K in excess ofogr re-
quirement can have adhesive effect such as growtdrw
contamination with nitrate N, appearance of blossord
rot in tomato or pepper with heavy ammonical N ayapl
tion, reduction in specific gravity of potato antes of
straw berry fruit with excessive K fertilization.

Nutrient can be injected daily or bimonthly depengi
upon system design, soil type and farmer’s prefaen
Frequent injection may be needed for sandy soh wdor
water and nutrient capacity and grower who wamethuce
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injection pump size and cost. Since leaching issibtes
with drip irrigation, nutrient applied in any iragon must
not be subjected to excessive irrigation during &peplica-
tion or in subsequent irrigations. It is possibbeirrigate
nutrient in  non continuous (bulk) or continuous
(concentration) fashion. Fertilizer should be itgecin a
period such that enough time remains to permit detap
flushing of the system without over irrigation. Wathat
moves below the active crop root zone carry nithater K
in substantial quantities. One cm of leachate d @&
nitrate N/litre would contain 10 kg N/ha.

Drip irrigation introduces possibilities for preeis
application of fertilizer and other chemicals. Trestricted
root growth necessitates the type of fertilizer legapion
"fertigation”, which prevents nutrient deficiencie$he
high efficiency of water application reached inpditiriga-
tion systems is ideal for the high efficiency ofphed nu-
trients in fertigation.  But, some of these potential benefits
can reverse into disadvantages when the irrigagictem
design or management is not correct (non uniforinient
distribution, over-fertigation, excessive leachingog-
ging).

Behaviour of Plant Nutrients during fertigation
Nitrogen

In fertigation, applied urea travels with the waler
the soil. Its distribution in the soil wet zone dags on the
timing of its incorporation with the irrigation wet When
added during the third quarter of the irrigatiorcley fol-
lowed by the flushing of the remaining irrigatioycte, the
fertigated urea on reaching the boundaries of theaone
becomes susceptible to volatilization. Evaporafiom the
soil surface results in increased urea concentratéar the
soil surface. This residual urea at the soil s@rfacalso
certain to be lost to the atmosphere as ammoniamémm
nium (NH,") carries a positive electric charge (cation) and
is adsorbed to the negatively charged sites onaraycan
also replace other adsorbed cations on the clafacas.
These are mainly Ca and Mg that constitute the majo
sorbed cations in the soil. As a result of theseractions,
ammonium is concentrated near the dripper and tse d
placed Ca and to a lesser extent Mg, travels viiehad-
vancing water. Within a few days, the soil ammoniism
usually oxidized by soil bacteria to the nitratenfiothat is
dispersed in the soil with further irrigation cyzléNhen
either ammonium or urea is used as nitrogen soirrce
fertigation, significant gaseous losses as nitrang nitric
oxide has also been recorded (Hoffman and Van Qlaem
2004).



Nitrate (NGQ) carries a negative electric charge
(anion). It cannot, therefore, bind to the clayticles of
basic and neutral soils which carry negative crargew-
ever, nitrate binds to positively charged iron ahgminum
oxides present in acid soils. As in the case ounérate
travels with the water and its distribution in theil de-
pends on the timing of its injection to the irrigatline.
Phosphorous

Phosphorus (P) in solution is subject to interaio
with inorganic and organic constituents in the .s@ihe
H,POy ion remains stable in the solution inside thegari
tion line as long as the pH is kept low. Once itdkased
to the soil it reacts very quickly with clay minkrdike,
montmorillonite and illite in basic soils and wikaolinite
clay, iron and aluminum compounds in acid soilse&cts
mainly with lime (CaC@ in basic soil conditions. The
range of relatively insoluble chemical productsRofvith
soil constituents is so large that it is generaliifed “fixed
p

The rapid reactions of phosphate with Ca (lime rich
soils) in basic soils and with Fe and Al in acidsoestrict
the distance of movement of applied P in the sbile
higher the clay content or Cag®@action of the soil, the
shorter is the distance of movement of P from theper.
Even in sandy soils (Ben Gal and Dudley 2003), dise
tance travelled by P is quite limited as compardith the

water. When the P is complexed by organic compounds

like in manures, it does not react with soil constnts and
therefore, can travel to considerable distances fits
point of application in the soil. The leaching othrough
the soil profile is commonly thought to occur only
coarsely structured soils due to the rapid infiltra of
water and in sandy soils due to the absence ofeasties
for P sorption.

Potassium
Drip irrigated crops under strict water control aky

develop restricted root volume. The amounts of Espnt
as exchangeable cation on clay surfaces or as fnatihe
crystal lattice of illite clay particles in the saiight not be
sufficient to completely meet plant needs far3nce high
K contents are present in harvested fresh vegestatoiets,
fresh leaves, tubers and root crops, large amafrifsare
exported from the field. A continuous supply of Krihg
fertigation is, therefore, required to ensure plgrawth,
quality and yield. In practice, the exact distribatof K in
the soil from the drip point is of less importargiece the
roots can grow and find the K in the wet root zohke
efficiency of the plant roots to take up K is sghithat
whenever the root meets a K source it is easilgrialp. In
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sand dunes with low soil K content, fertigation hwitaily
supply of K and N is needed to ensure their sugply
plants, particularly if there is restricted roofwme. When
the soil does not adsorb K due to low level of dantent,
K distribution is typically larger than that of Bsttibution,
but less than that of N. This was demonstrated fert
gated field grown tomato on soil containing 95%ciah
carbonate with low CEC (Kafkafi and Bar Yosef 1980)

Crop response to fertigation

All crops respond to fertigation. However, much kor
has been concentrated on high value crops (Solairaal
al. 2005) such as potato (Ba@t al. 2011), capsicum
(Brahmaet al. 2010; Gupteet al. 2009; Srinivas and Prab-
hakar 1982), onion (Ewaigt al. 2010), medicinal coleus
(Kennam 2008), cucumber (Moujabletral. 2002), Broc-
coli (Sanchitaet al. 2010), tomato (Shedeedt al. 2009),
pointed gourd (Singandhupat al. 2007), turmeric (Syed
Sadarunnisaet al. 2010), tomato (Tanet al. 2009;
Tanaskoviket al. 2011) and some leafy vegetables (Ugta
al. 2009). Fertigation gave 40% saving of fertilizertri-
ents without affecting the yield of crops compatedhe
conventional method of nutrient application (Satleyal.
2008). Kenget al. (1979) showed that the yields from
broadcast fertilizer treatments were 15.8% lowantthat
from fertigation and 12.3% lower than that from ted
fertilizer application.

Sweet pepper Kaushalet al. (2012) reported that the drip
irrigation adoption increased water use efficien@p-
200%), saved water (20-60%), reduced fertilizati@n
quirement (20-33%) through fertigation, producedtdre
quality crop and increased yield (7-25%) as congpavrith
conventional irrigation.

Lady’s finger: Rekha and Mahavishnan (2008) reported
the water and fertilizer saving by 40-70 and 30-5086
spectively through drip fertigation in lady’s finge

Celery: Kaniszewskiet al. (1999) reported that fertigated
celeriac plants had greater leaf area, dry mattetyztion,
and nitrate-N and total N contents than those gtheough
broadcast N with or without drip irrigation.

Cauliflower: Kapooret al. (2014) showed that increase in
NPK fertigation level from 33.3 to 100% RDF signdntly
increased number of leaves, relative leaf watertezdn
marketable yield of cauliflower and benefit costiadut
decrease in fertilizer expense efficiency. Dripduhgriga-
tion along with fertigation in general had higharif yield
but lower benefit cost ratio in comparison to floadd
conventional fertilizer application. At Palampurtigation
using water soluble fertilizers increased marketafld in



cauliflower by 21.3% as compared to conventiongliap-
tion of fertilizers (Table 2).

Broccoli: At Palampur fertigation using water soluble fer-
tilizers increased marketable yield in broccoli2iy4% as
compared to conventional application of fertilizéfable
2). However, when 25% nutrients were applied aslbas
through conventional fertilizer and 75% nutrientotigh
fertigation using water soluble fertilizers increas mar-
ketable yield in broccoli was 12.3% as compareddn-
ventional application of fertilizer (Table 3).

Brinjal : At Palampur, when 25% nutrients were applied as
basal through conventional fertilizer and 75% rauti
through fertigation using water soluble fertilizénsrease
in marketable yield in brinjal was 15.4% as comgate
conventional application of fertilizer (Table 3).

Chilli: Veerannaet al. (2001) reported that 80% water
soluble fertilizer (WSF) was effective in produciabout
31 and 24.7% higher chilli fruit yield over soil @ation

of normal fertilizers at 100% recommended levedurrow
and drip irrigation methods, respectively, with 2086
saving in fertilizers. Rot al. (2011) showed in capsicum
that the length and width of fruit and number afits per
plant increased significantly with increasing nifem doses
up to 100 kg N/ha. However, average weight of finit
creased significantly with increasing levels of °ta 150
kg N/ha. Average weight of fruit and weincreased

significantly with increasing levels of P up to ttieatment
30 kg P/ha, whereas length of fruit and numberwfd per
plant was increased significantly up to the 60 KggPCon-
sidering the combined effect of nitrogen and phosps,
the maximum yield was recorded in the treatmenthioes
tion of 150 kg N and 30 kg P /ha. At Palampur gation
using water soluble fertilizers increased marketafld in
capsicum by 15.1 as compared to conventional agijit
of fertilizers (Table 2). The fertigation schedwas devel-
oped for protected conditions and 4.6 B.C ratio whs
tained with capsicum (Table 4).

Tomato: Hebbaret al. (2004) showed that fertigation with
100% water soluble fertilizers (WSF) increased ttmato
fruit yield significantly over furrow-irrigated cdrol and
drip irrigation. The fertigation schedule was deyweld for
protected conditions in tomato and a B.C ratio @f Was
obtained (Table 4).

Cucumber: lbrikci and Buyuk (2002) obtained higher
yield and leaf N, P and K content in drip fertighticum-
ber than furrow irrigated plants. Beyaest al. (2007)
showed that drip irrigation coupled with fertigatishowed
significant advantages in terms of yield and ecanam-
turns of cucumber compared with overhead irrigationl
conventional fertilization practices. The fertigati sched-
ule was developed for protected conditions and BRG
ratio was obtained with cucumber (Table 4).

Table 2.Fertilizer schedule without basal doses & 100% RidBugh fertigation

Crop Growing Fertigation dose No of Fertigation  Increase in yield B.C ratio
season per spilt (g/m)* splits frequency compared to con-
19:19:19 0:0:50 Urea (days) ventional fertilizer
Cauliflower  Oct- Feb 2.9 0.3 15 10 8-10 21.3% 2.1
Broccoli Oct-Feb 4.0 - 1.6 10 8-10 214 % 3.7
Capsicum Apr- July 3.0 - 1.5 10 8-10 15.1% 3.9

*No basal dose is applied and fertigation is iméthfrom 15 days after transplanting and fertigatioses are completed before flowering / fruit

setting

Table 3.Fertilizer schedule with 25% of RDF through basa @5% of RDF through fertigation

Crop Basal doses Fertigation dose No of Fertiga- Increase inyield B.C
per spilt (g/M)* splits tion fre- compared to ratio
quency conventional
Urea SSP MOP 19:19:19 12:61:0 Urea (days) fertilizer
Broccoli 8.2 15.7 2.3 2.0 0.8 3.1 7 8-10 154 % 3.1
Brinjal 5.4 9.4 2.1 2.7 0.2 8.6 7 8.10 12.3% 2.6

*25% of RDF applied as basal doses and fertigaonitiated from 30 days after transplanting aedifation doses are completed before

flowering / fruit setting
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Table 4 .Drip fertigation schedule under protected cultivati

Crop Basal dose (g/ﬁ)l Fertigation dose/spilt (g/ﬁ\ Fertigation B.C ratio
Uea SSP__MOP 1010110 12610  Urea Noofsplits  ntenal
(days)
Tomato 14* 34 4 1.2 0.4 0.7 28 5-7 5.4
Capsicum 10 22 4 1.2 0.1 0.3 28 5-7 4.6
Cucumber 12 18 6 3.0 2.3 1.2 10 5-7 3.3

Onion: Chopadeet al. (1998) found that drip irrigation
with the recommended rate of solid fertilizer inotappli-
cations gave the highest onion bulb yield whil@dertiga-
tion at 50% of the recommended rate gave the highdb
quality. Rumpelet al. (2004) obtained higher marketable
onion yields when the 50 kg/ha N rate was appledugh
drip fertigation (41% increase) and highest afieplging
150 kg ha' N through fertigation (79% increase) as com-
pared to the control (without fertigation and igiipn).
Dingre et al. (2012) showed that drip fertigation resulted
into 12 to 74% increase in the productivity of anseed as
compared to conventional method. The total irriati
water applied through surface and drip system wifisr8m
and 520.45 mm indicating 39% water saving wherfels,
water use efficiency of drip fertigation was morg .5
times as that of control. Rajput and P&2€I06) recorded

the highest onion yield in daily fertigation folled by
alternate day fertigation. Lowest yield was recdrde
monthly fertigation frequency. Bhakare and FatkA(8)
showed that the onion seed yield increased and gieh-
tributing characters improved with fertigation lés/avith
maximum in 125% recommended dose of fertilizer (RDF
fertigation treatment which was at par with 100% FRD
fertigation treatment. The treatment 75% RDF thioug
fertigation was significantly superior to applicati of
100% RDF through conventional fertilizer and ashsuc
there could be a saving of 25% of the added feetili

Pea Singh et al. (2006) showed that the increase in N
through fertigation caused increased in green peld wat
all the levels of drip irrigation (0.5 Epan, 0.7pda and 1.0
Epan), but the magnitude of increase was highdstsagst
level of water supply.
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