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FOREWORD

W ater is one o f the  m ost im portan t and critica l inputs fo r agricu ltura l production system . 
The dem and fo r food grains, vegetab les, fru its  and flow ers is increasing day by day because of 
the increasing population. The tota l geographica l area of our country is 2 .3%  of the w orld  area, 
which supports 17% of the to ta l w orld  population The total fresh  w a te r resource o f the country 
is only 4%  of the  w orld 's  fresh w a te r resources and agricu lture consum es about 80%  o f the total 
w ater resources o f the  country. Irrigated agriculture provides a crop  w a te r productiv ity of about 
2.5 t/ha w ith  an overall irrigation e ffic iency o f about 30%  com pared to  the  w orld 's  average crop 
w ate r productivity o f 4 t/ha. In th is  scenario, it is im perative to im prove the country 's  crop w ate r 
productivity as w ell as irriga tion  effic iency The food habits o f the people  are changing 
throughout the w orld w ith  g rea te r dem ands fo r quality fru its and vegetab les as dietary 
supplem ents Th is calls fo r m ore viab le  and effic ient technolog ica l op tions such as d rip  im gation 
and fertigation. They provide several advantages in the con text o f crop ag ronom y as w ell as 
w a te r and energy conservation. D rip irrigation and fe rtiga tion  have po tentia l to  ach ieve the 
desired level o f 4 t/ha of crop w ate r productivity and s im u ltaneously  m a in ta in  an im ga tion  
effic iency of m ore than  80% . It w ou ld  help in producing high va lue  nu tritiona l crops in open 
fie lds and under protected conditions. The tota l coverage of m icro -irr iga tion  in the X th  Plan was 
on ly about 2.0 m illion hectare . T h e  task  fo rce  on m icro-irrigation (2004) has ind ica ted  a potentia l 
o f 69 m illion hectare fo r ou r country. Hence, there is a trem endous po tentia l to increase the 
coverage of d rip irrigation to  cove r m ore crops across new areas.

Indian Farm ers Fe rtilise r C oopera tive Lim ited (IFFC O ) has ind igenously deve loped a 
100-per cen t w a te r so lub le  fertilize r, urea phosphate (17:44 :0) and o ther w a te r solub le 
fertilisers, which are  usefu l fo r d rip  fertiga tion . Th is pub lica tion sum m arises the w o rk  done at 
CPCT, IARI, New Delhi re la ted  to  drip  fe rtiga tion  scheduling fo r d iffe ren t ho rticu ltu ra l crops and 
provides valuable in fo rm ation  to  the  fa rm ers  in a use r-friend ly  form . I com p lim en t the C P C T 
team  of IARI, and IFFCO fo r the ir efforts  in bringing out th is  pub lication , w h ich  w ill be extrem ely 
useful for the farm ers, p ro fessiona ls , academ icians, policy m akers and sc ien tis ts  w ork ing  in the 
area of w ate r m anagem ent and d rip  fe rtiga tion  of horticu ltura l crops.

(H .S.
New Delhi 
A ugust 31, 2010
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P R E F A C E

E n s u r in g  fo o d  s e c u r ity  to  o v e r 1.2 b illion  p e o p le  from  ava ila b le  
re s o u rc e s  o n  a s u s ta in a b le  b a s is  is a g ig a n tic  ta sk  In c re a se d  u rb a n isa tio n

i
has pu t p ressure  on land for agriculture. W ith the growth o f urban middle 
class, d ie tary  habits o f peop le are  changing This is particularly 
p red o m in a n t in c a s e  o f fruits and vegetables, w h ere  their preference for 
th e  q u a lity  o f  p ro d u c e  throughout the year is distinct. As a result, the 
d e m a n d  fo r fruits an d  vegetab les  is increasing T h ese  crops are cultivated  
m o s t ly  u n d e r conventiona l irrigation system , w h ere  w ater requ irem ent is 
very  h ig h  A vailab ility  o f w a te r for use in agriculture is becom ing scarce, 
w h ic h  in  tu rn  affects  crop productivity. S upply o f ba lan ced and integrated  
js e  o f inputs in fruits a n d  ve g etab le s  is a  prerequisite  for their quality  
irod uce . Fe rtig a tio n  is th e  an sw er to in crease  the productivity of 
o r t ic u ltu ra l  crops through in crease  in w a te r an d  fertiliser use efficiency  
' i th  m in im u m  im p ac t on en v iron m en t. Indian F a rm ers  Fertiliser 
o o p e ra tiv e  L im ited  h a ve  in d igeno usly  d e ve lo p e d  1 0 0 %  w a te r  soluble  
r t i l is e r  u re a  p h o s p h a te  (1 7 :4 4 :0 ) an d  in the p rocess  o f deve lo p in g  other  
od ucts  w h ich  w o u ld  b e  su itab le  fo r drip irrigation T h e  in form ation on  

l ig a t io n  s c h ed u lin g  in horticu ltural crops is h ighly im po rtan t for the  

m e rs  fo r in c re a s in g  th e  yie ld

I am  happy  that Ind ian  Agricultural Research Institute, New Delhi 
I Ind ian  Farmers Fertiliser Cooperative Limited, New Delhi has  

ro p ria te ly  thought to address the issue of fertigation scheduling for 
icu ltu ra l crops in the form o f this booklet for the benefit of farmers The 

contents of the pub lica tion  are very m u c h  relevant in today's context. I 
compliment the scientists of Centre for Protected Cultivation Technology, 
IAR I, N e w  Delhi who have painstakingly developed the fertigation 
scheduling for horticultural crops. The publication, I am sure, will be useful 
to the farmers and those who are associated with fertigation technology 
for d iffe re n t c ro p s  in  the  country. ^

lL
/

(A. Roy) 
Marketing Director
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The publication p rov ides in fo rm ation on fertigation scheduling 
fo r horticu ltura l crops fo r the benefit o f farm ers and those w ho are 
a s s o c ia te d  w ith  fe r tig a tio n  te ch n o lo g y . T h e ir  c o m m e n ts  / 
suggestions w ill help in crysta llis ing view s in app lica tion o f fe rtiga tion  
techno logy in high va lue  crops.

New  Delhi A uthors
S eptem ber 7 ,2 010

(V)



FERTIGATION SCHEDULING FOR HORTICULTURAL CROPS

In troduction

W ater is an essentia l natura l resource fo r susta in ing life and 
environm ent. It is im perative  tha t it is utilised w ith m axim um  possib le 
effic iency. A gricu ltu re  secto r is the  m a jor user o f w ate r resources and the 
dem and is increasing to produce m ore per un it area and tim e. The decades 
o f sixties and seventies saw  the acce le rated deve lopm ent o f agricu lture  in 
India through the in tensive use o f high y ie ld ing varie ties, fertilise rs, water, 
and m echaniza tion. T he inpu t-based agricu lture  led to  m anifold increase in 
foodgra ins production during the last fou r decades. But the technology 
based on predom inan t use o f w a te r and fertilise rs resulted in a paradoxical 
situation in w hich soils in the parts o f northern plains turned saline, w hereas 
in som e other parts includ ing South India, the w ater tab le lowered due to 
excessive pum ping. Th is  s itua tion affected agricu ltura l productiv ity to a 
po in t o f s tagnation. In the eighties, general aw areness and consensus 
em erged on the e ffic iency and jud ic ious use o f water. It was then tha t the 
drip irrigation ga ined m om entum  and also popularity w ith its inherent 
advantages, like, w a te r saving and use in problem  soils. Various research 
institu tes conducted experim ents on drip system  and extended the 
technology to  the fa rm ers. The governm ent also provided support through 
subsid ies on insta lla tion o f drip irrigation system s in various crops w ith 
th rus t on horticu ltura l crops. By the end o f 2006, about 2 m illion hectare of 
area w as brough t under m icro irrigation in India. The task force has 
estim ated the potentia l o f m icro irrigation as 69 m illion hectare, which 
should be ach ieved by the Year 2025. It signifies the  im portance o f drip 
fertigation for ou r country. The m ajor states having m axim um  coverage 
area o f drip fertigation are M aharashtra , G ujarat, Rajasthan, Karnataka, 
Andhra Pradesh and Tamil Nadu, w hereas it is expanding very rapidly in 
som e states like M adhya Pradesh, C hhattisgarh and Jharkhand,

Drip fertigation is taken up under tw o conditions i.e. open field where 
fruits, vegetab les, cotton and sugarcane are m ostly grown and other is 
protected cultivation where vegetab les and flow ers are grown under 
protected structures like greenhouse, net house, shade net and nursery. O f 
late farm ers are a lso grow ing crops like sunflower, groundnut, and m aize in 
a lim ited w ay under drip fertigation. P rotected cultivation technology 
provides the option fo r round the yea r production by com bating biotic and 
ab io tic  stress. The crop w ate r requ irem ent under protected cultivation is 
less than in open fie ld condition and there is precise requirem ent o f 
nutrients and m icro nutrients. D rip irrigation and fertigation under protected 
cultivation provides e ffic ient use o f w ate r and nutrient and increases the 
yield and im prove quality o f the produce. Fertigation scheduling re fers to 
tim e ly application o f w ate r and nutrients as per crop stages through drip 
fertigation. It is the m ost im portan t aspects o f drip fertigation to know 
exactly the quantity  o f w ate r and fertilise rs to  be applied through drip

Fertigation Scheduling for Horticultural Crops



fertigation on daily and m onth ly basis for d iffe ren t horticultural crops t v  
in form ation needs to be made ava ilab le  to the farm ers in user friendly fQ is 
Very com plex m athem atical form u lae  and m odels are ava ilable to cal© \ 
the fertigation scheduling fo r d iffe ren t horticu ltura l crops. Therefore 3,6 
attem pt has been m ade to com pile all the data re lated to the fertipa'ti911 
scheduling w orks done during the last ten years fo r various h o r t ic u it^  
crops grown in open field and protected cu ltiva tion a t Centre for Protect h 
C ultivation Technology (CPCT), IARI New Delhi. Indian Farmers Fertilk l 
Cooperative Lim ited (IFFC O ) has ind igenously developed 100% Wal r 
so lub le fertilise r urea phosphate (17:44 :0) w hich is suitable for 
fertigation for different horticu ltura l crops. An attem pt has been made to 
prepare crop w ise m onthly fertigation scheduling in a very user friendly wav 
fo rd iffe ren t horticultural crops.

Drip Irrigation System

Drip irrigation is the best ava ilable technology for the efficient use of 
w ater for grow ing horticultural crops in large sca le  on sustainable basis 
Drip irrigation is a low labour intensive and high ly efficient system of 
irrigation, w hich is also am enable to use in d ifficu lt situations and 
prob lem atic soils, even w ith poor quality water. Irrigation water savings 
ranging from  36-79%  can be affected by adopting a suitable drip irrigation 
system . Drip irrigation or low  volum e irrigation is designed to supply filtered 
w a te r d irectly  to the root zone of the plant so as to m aintain the soil moisture 
near to fie ld capacity level fo r m ost o f the time, w hich is found to be ideal for 
effic ient grow ing o f horticultural crops. Th is is due to  the fact that at this level 
the p lan t gets ideal m ixture o f w ate r and air fo r its developm ent. The device 
that de livers the w ate r to the plant is called dripper. W ater is frequently 
app lied to the soil through em itter placed along a w ate r de livery lateral line 
placed near the plant row. The princip le o f drip irrigation is to  irrigate the root 
zone o f the p lant ra ther than the soil and ge tting m inim al w etted soil surface. 
Th is is the reason for getting very high w ate r application efficiency (90­
95% ) through drip irrigation. The area betw een the crop row is not irrigated 
therefo re m ore area o f land can be irrigated w ith the sam e am ount of water. 
Thus, w ate r saving and production per unit o f w a te r is very high in drip 
irrigation.

Drip Irrigation  System  
Netw ork

The layout o f drip irrigation 
system  netw ork is shown 
in Fig 1. It consis ts  o f 4 
units as described below.

Fig.1: Layout o f Drip Irrigation System



a) P u m p in g  u n it : It take s  w a te r from  the sou rce  and supp lies  
p ressu rize d  w a te r to  the  con tro l head. P um ps used in the  d rip  irriga tion  
sys tem  a re  s im ila r to  those  used in o th e r irriga tion  m e thod  and inc lude 
ce n trifug a l, sub m e rs ib le  and tu rb ine  pum ps. T h ese  pu m ps can be driven 
e ith e r by an e le c tr ic  m o to r o r an in te rna l com bustion  eng ine . A n e ffic ie n tly  
de s ig ned  irrig a tion  sys tem  has a pum ping  cap ac ity  c lose ly  m a tched  to the 
sys tem  d em and .

b) C o n tro l h e a d : It se rves as the  irriga tion  sys tem  po licem an , regu la ting  
flo w  p ressu re  and filtra tio n . It is a lso  the  p lace  fo r chem ica l in jection. 
M an ifo ld , w a te r m e te r and p ressure  gauge is m ust fo r con tro l head. It 
in c lud es  the  d iffe ren t type s  o f va lves, filte rs  and hyd rau lic  regu la ting  
com pone n ts . F iltra tion  is the  s ing le  m ost critica l area in irriga tion  system . It 
inc ludes the  p rim a ry  and seco nda ry  filtra tion . S evera l d iffe ren t types o f filte r 
can  be used to  c ap tu re  and rem ove  con tam ina n ts  from  the irriga tion  water.

-G r a v ity  filte r 
- W ir e  sc re ens  
- S a n d  se p a ra to r 
-S c re e n  filte r 
-G ra v e l filte r

c) Pipe n e tw o rk  : W a te r is de live red  from  the  contro l head and filte r to 
the  la te ra l lines  in th e  fie ld  th roug h  the  m ain and sub m ain p ipe lines. M ain 
line is m ostly  o f P V C  m a te ria l. Sub m ain can be o f e ith e r PVC o r po ly thene. 
R ig id PVC and p o lye thy len e  are typ ica l m a teria l used because o f the ir low  
cos t and che m ica l re s is tan t qua lities . In the  pressurized  irrigation system  
ne tw ork  m o s t o f the  m ain and sub m ain p ipes are buried under the  g round 
and are con tro lled  by va rio us  types o f con tro l va lves. M ain and sub-m ain 
p ipe  lines a re  usu a lly  rig id P VC  and H D PE  pipes w ith  pressure  ra ting o f 
ab ou t 10 and 6 kg /cm 2, respective ly . La te ra l p ipes are o f FIDPE or LDPE 
rang ing  from  10 m m  to  2 0  m m  d iam ete rs , w h ich  are spread ove r the  fie ld  in 
a spec ified  layout. D es igned  to ca rry  w a te r a t about 2-3 kg /cm 2, these 
p ipes are p rov ided w ith  po in t-sou rce  em itte rs  o r d rippers  spaced along it. 
The la te ra l lines su p p ly  w a te r to the  em itte r o r d rip p e r from  sub main. 
U sua lly  th is  is p laced on the  ground. It is m ade o f po lye thy lene  pipes. The 
d iam e te r va rie s  from  12-25 m m . The p ressure  in the la te ra l line varies from  
2-3 kg /cm 2 depend ing  upon the  la te ra l length and d rip pe r cha racte ris tics .

d) D rip p e r : Th is  is a dev ice  des igned  to  d iss ipa te  the  hyd rau lic  pressure  
and to  d ischa rge  a sm a ll un ifo rm  flow  o f w ater, drop  by drop, at the  g iven 
place . The d rip pe r capac ity  va ries  from  2-10  lite r pe r hour. Its w ork ing  
p ressu re  is a b ou t one bar. S om e o f the  com m on types o f d rip pe r used are.

-  In-line d ripper
-  O n-line  d rip pe r
-  P ressu re  com pensa ting  d rippe r
-  B utton typ e  d rip pe r

Fertigation Scheduling fo r Horticultural Crops 3



Important accessories re lated to drip irr ig a tio n  system  network ■

a) Hydraulic connections : It is used to co n n e c t d iffe ren t types of n, 
as per the configurations required in the fie ld  like tee jo in t, elbow 
connector etc. ***•

b) Fertiliser applicators : These  are  used to in je c t fertiliser, system- 
insecticides/algaecides, acids and o th e r liqu id  m ate ria ls  into the wat 
being supplied through drip system . T h e y  are  o f 3 types, namely, fertilk^ 
tank, venturi injector and fe rtilise r in jec to r (F ig . 2). er

i) Fertiliser tank : A m eta llic  tank is p ro v id ed  at the head of the dri 
irrigation system for applying fe rtilise rs  in so lu tion  a long w ith the irrigate* 
water. The tank is connected to the m ain irr ig a tio n  line by means o f" 
bypass line. Some of the irrigation w a te r is d ive rted  from  main irrigation line 
in to the tank. This bypass flow  is crea ted  by the pressure difference 
between the entry and exit po in ts o f the tank. Th is  app lica tion method is 
simple in construction and opera tion  w ith  low  requ irem en t of electricity 
However, the application of fe rtilise r du ring  the fe rtiga tion  schedule is not 
constant. Therefore, it does not pe rm it a p rec ise  con tro l over the fertiliser 
concentration.

ii) Venturi in je c to r : It consists o f a bu ilt-in  co n ve rg in g  section, throat and 
diverging section. A suc tion  e ffect is c rea ted  a t the converg ing section due 
to high velocity, which a llow s the en try  of the  liqu id  fertiliser in to the 
system. This system is s im p le  in ope ra tion  and a fa irly  uniform fertiliser 
concentration can be m ain ta ined in the  irr ig a tion  w ater.

iii) Fertiliser in je c to r : This is opera ted  e ith e r w ith  e lec tric ity  or with water. 
It draws fertiliser solution from  a tank and pum ps it unde r pressure in to the 
irrigation system. It provides a p rec is ion  con tro l on the  fe rtilise r application. 
However, it is expensive and needs sk illed  o p e ra tion .

P r o d u c t  R a n g e  *  Fertigation Equipment

FtKTTLEI A TANK

I

MJECTOAPUMP

*

X*

^*9- 2: A Range of Fertiliser Applicators through Fertigation



c) Pressure/flow regulators : These are control valves that are actuated 
either manually or electro-hydraulically to regulate flow and pressure in the 
drip system.

d) Controllers : These automatic -  mostly micro-processor based -  
devices are used to provide s top /sta rt s ignals to pump and 
valves/regulators. The actuating signal may either be time or volume 
based. In more advanced technological modes, these gadgets are 
controlled by soil moisture sensors placed in the plant root zone.

Different components of automation of drip irrigation system are 
illustrated in Fig. 3.

Automation of Drip Irrigation

COMPONENTS

Controller Hydraulic Valves Solenoid Coll Aulomatic Metering Valve Sensors

Ten8iometer Digital Meter Ply Rely Voltage Stabilizer

Fig. 3: Different Components of Automation of Drip Irrigation System

The following guidelines help in the planning and design of drip 
irrigation system.

•  Work out the number of connectors needed when planning the 
drip irrigation system

• Plants in sunny areas usually require more water due to higher 
evaporation rates. Plants in shaded areas will require less water 
due to lower evaporation rates

•  Soil types affects the water requirements for different areas of 
farm. For example, gardens with heavy clay soil may need more 
water pressure
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•  Select drip em itters according to the p lan ts 'w a te r requirements

•  Consider the places where there is need of jo in ts  and connectors

•  Rain switches and soil m oisture sensors are highly recommended 
especially in areas with high rainfall

•  Lay the piping above ground before digging. A 10 cm deep trench 
should be adequate, although sandy soil may require a slightly 
deeper trench to hold the piping in place

• To make it easier to connect joints, heat the end of piping to soften to 
make it more flexible

•  Make sure drip em itters are installed above ground so that they do 
not become clogged by dirt

Types of Irrigation Systems

A distinction is made between the two principal micro-irrigation 
methods, namely, the sprayer or m icro-sprinkler, and the drip irrigation 
system. Sprayers and m icro-sprinklers spray the water through the 
atm osphere and are designed principally to w et a specific volume of soil 
around individual trees in an orchard. Drip irrigation, on the other hand, 
represents a point source of water, and wets a specific volume of soil by 
direct application of w ater to the root zone of the plant. The type of drip 
em itter from  the point of view  of its d ischarge and the distribution of the 
em itters throughout the plot (distances along the drip lateral and between 
the drip laterals) is dependent on the soil texture and the crop. The drip 
system is suitable fo r irrigation o f row crops and orchards.

Broadly, the drip irrigation system is o f two types; Low Pressure Drip 
Irrigation System and Pressurised Drip Irrigation System.

Low Pressure Drip Irrigation System  ; It requires comparatively less 
pressure than normal pressurised drip irrigation system (Fig.4). It is 
suitable fo r small land holdings, green houses, nursery and hilly areas. 
This system does not require regular supply o f e lectrical energy and the 
hydraulic head o f about 2m is su ffic ien tfo r irrigating an area of 500 m2. This 
system has very high irrigation efficiency (>90%) and is easy to install, 
operate and maintain. Low Pressure Drip Irrigation System consists of 
fo llow ing com ponents;

i) 500 litre w ater tank
ii) 32 mm d iam eter LDPE main pipe line o f about 30 m



iii) One inch 120 m esh/130 m icron d is c /s c re e n  filte r
iv)Tank connectors
V) 500 m length lateral pipe of 12 mm d iam ete r fitted w ith in-line 

d rip p e ro f 1.0 Lph d ischarge capacity

Fertigation becom es very easy in Low Pressure Drip Irrigation 
System  as no add itiona l pum p or any o ther device is required in this 
system . The sam e tank can be used fo r m ixing of w a te r and w ater 
soluble fertilisers.
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P ressurised  Drip Irrigation System  : It requ ires pressure a 
energy fo r its w orking. Mostly, th is energy is in the form  o f electri ^  
energy to operate  pum ps and genera te  pressure fo r working 0f th 
P ressu rised  D rip Irrigation System , Th is system  is com m only used 
in orchards, open fie lds, big green houses fo r d iffe ren t horticultural 
crops.

Reservoir and Pumping station Prim ary Filtration Station and
W ater Supply System

Irrigation Control Unit for Open Field Cultivation

C alcu lation o f C rop W ater R equirem ent (CW R)

W ater is the  most critical input under drip irrigation system. Knowledge 
abou t ca lcu la tion o f w ater requ irem ent during crop growth period will help 
to increase w a te r use e ffic iency both under open field and protected 
condition. Im portant te rm ino logy related to drip irrigation system is as 
under:

Pan evaporation : It is evaporation o f w ater from  open surface and is 
recorded at m eteoro logica l station on daily basis and expressed in



mm/day. U nder protected cu ltivation open fie ld pan evaporation is 
m ultip lied by a conversion facto r o f 0.45 to know the actual evaporation 
inside protected structures.
Pan facto r : It is the factor (0.8) taken to com pensate the actual 
m easurem ent o f pan evaporim eter.
Evapotranspiration : It is w ater loss through transpiration from plants 
canopy and evapora tion  from  soil surface and expressed in mm/day.
Crop fa c to r : It is a ra tio  between actual and potentia l evapotranspira tion. It 
varies as per crop growth stages.

Crop w ater requ irem ent fo r open field and protected cultivation can be 
calculated by using the fo llow ing form ula. Here ET is in mm/day

Crop w ater requ irem ent (m3/day/ha) = ET * 10 * 0.5 for open fie ld cultivation

Crop w ater requ irem ent (m 7day/1000 m2) = ET * 1 * 0.5 fo r protected 
cu ltivation

W here, ET (m m /day) = Pan evaporation * Kc (where Kc = crop coefficient)

AVSM (Available soil m oisture) or MAD (M anagem ent a llowable deficit) = 
50 % = 0.5

M aintenance o f Drip Irrigation and Fertigation

The usual life o f drip irrigation system is said to be o f 7-10 years. It can 
be achieved only by regular m aintenance o f d ifferent com ponents of drip 
irrigation system . The drip irrigation system  can become non operational or 
ineffective if its com ponents are not maintained regularly. Most o f the 
m aintenance jobs can be done very easily w ithout any extra expenditure. 
M aintenance o f som e o f the key com ponents of drip irrigation system is 
described b e lo w :

Filtration : Filters should be checked and flushed on a regular basis. Disc 
filters and screen filters are secondary filters com m only used in drip 
irrigation system . Grave! filte r is the prim ary filte r used at the pumping head. 
120-150 mesh filters should be used in drip irrigation system.
Drippers : Drippers really do not need any kind o f regular maintenance. 
There are m odels w hich com e apart and can be cleaned. The life of 
drippers varies from  6-8 years.
C ontro llers : Contro llers need protection from d irect rains and 
uninterrupted regular power supply. Some arrangem ents should be there 
to  regulate the supply.
Valves : Valves can be affected by debris in the water which could collect 
over a period of time. This can be fixed by disassem bling the valve and 
cleaning it. There are som e very small parts and all o f them  are needed to 
make the va lve w ork correctly.
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Flow of water : Place a water flow  m eter between the solenoid valve at 
each zone and record its discharge daily. This provides a c lear indication oi 
how much water is applied to each zone. Records o f water flow can beuse<j 
to detect deviations from the standard flow of the system, which may jjg 
caused by leaks or by clogged lines. The actual amount of water appiie(j 
recorded on the meter can be compared with the estim ated crop water use 
(crop evapotranspiration) to help assure effic ient w ate r management.

S ta n d a rd  M a in te n a n c e
• Add chlorine or other chem icals to the drip line periodically to kill 

bacteria and algae. Acid might also be needed to dissolve calcium 
carbonates

•  Filters must be managed and changed as needed. Even with 
filtra tion, however, drip tape m ust be flushed regularly, The 
frequency of flushing depends on the am ount and kinds of 
sedim entation in the tape

•  O ther management factors: Root intrusion needs to be controlled 
for some crops. Rodents must be controlled, especially where drip 
tape is buried

Safety Devices
•  An interlock to stop the fertiliser pump
•  A check valve to prevent back flow of the fertiliser from the fertiliser 

tank to the irrigation line following shut down
•  Flow sensor to assure system shut down in case o f flow ceases 

in injection line
•  A  bleed valve to  relieve the pressure in the injection line when 

disconnecting
•  A s tra iner to prevent foreign materials

Q ua lity  C o n tro l o f D rip  Fe rtiga tion

All the com ponents used under drip fertigation should be BIS 
certified so that it should work smoothly throughout its life. List of BIS 
S tandard^ for different com ponents of drip fertigation are as follows :

1. Polyethylene pipes for Irrigation -  Laterals (IS 12786: 1989)
2. Emitters (IS 13487: 1992)
3. Emitting pipes system (IS 12785: 1994)
4. S trainer type filters (IS 12785: 1994)
5. Irrigation equipm ent rotating sprinkler Part II, Test method for 

uniform ity o f d istribution (1st revision) (amendment 1) (IS 12232 
(Part I I ) -  1995.

6. Irrigation equipm ent rotating sprinkler Part I, Design and
Operational requirements (1st revision) (S 12232 (Part-I) -  1996.

7. Polyethylene micro tubes for drip irrigation system (IS 14482: 
1997)

8. Fertiliser and Chem icals Injection system Part I Venturi Injector 
(IS 14483 (Part I) 1997

TQ-ICN SO W O



9. Micro sprayers (IS 14605 : 1998)
10. Media filters (IS 14606: 1998)
11. Hydro cyclone separators (IS 14743: 1999)
12. PVC pipes for water supply (IS 4985 -  1999)
13. Irrigation equipment sprinkler pipes specifications Part I 

Polyethylene pipes (IS 14151: 1999)
14. Irrigation equipment sprinkler pipes specifications Part II Quick 

couples Polyethylene pipes {IS 14151 (Part II) 1999)

Fertigation for Open Field and Protected Cultivation Technology

Fertigation is the process in which fertilisers can be applied through the 
system with the irrigation water directly to the region where most of the 
plant roots develop. It is done with the aid of special fertiliser apparatus 
(injectors) installed at the head control unit o f the system, before the filter. 
The element most commonly applied is nitrogen. However, application of 
phosphorous, potassium and other micro-nutrients are common for 
different horticultural crops. Fertigation is a necessity in drip irrigation. The 
main objectives of fertigation a re :

•  Uniform and timely application of fertilisers
•  Water and nutrient saving
•  Optimising yield
•  Quality improvement
•  Minimising pollution

The rational for fertigation are as u n d e r:
•  Irrigation and fertilisers are the most important management factors 

through which farmers control plant development and yield
•  Water and fertilisers have important synergism which is very well 

used in fertigation
•  Timely application of water and fertilisers can be controlled through 

fertigation

Principles of Fertigation
It is to feed the plant in appropriate time, quantity and location. These 

can be controlled through fertigation. The plant yield and thequality depend 
on all these three factors.

Advantages of Fertigation
•  Amount and concentration of nutrient can be adjusted according to 

the stage of development and climatic considerations
•  Deeper penetration of nutrients into the soil
•  Avoiding ammonia volatilizing from soil surface
•  Application restricted to the wetted area where the active roots are 

concentrated
•  Reduced time fluctuation in nutrient concentrations
•  Crop foliage is kept dry, thus retarding the development of plant 

pathogens and avoiding leaf burn
•  Allows fertilisation in the rainy season when the soil is in wet
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condition without stepping on it and destroying the structure.
•  Convenient use of fertilisers
•  Remote control operation
• Convenience in saving manpower
•  Low losses in transportation and storage
•  I he system may be used for additional applications

Facto rs  C o n tro llin g  N u tr ie n t U ptake un de r F e rtiga tion
•  Water and nutrient distribution in soil under drip fertiaation
•  Quantityconsiderations
•  Intensity considerations (concentration)
• Uptake fluxes: nutrient concentration at root surface

Factors A ffe c tin g  F e rtilise rs  C o m p o s itio n
•  Plant characteristics
• Soil characteristics
•  Irrigation water quality
•  Growing place

C hem ica ls  and B io lo g ica l C o n s id e ra tio n s  in S e lec ting  Fertilizers for 
F ertiga tion

•  Fertilizers solubility and compatibility
•  Solution pH and N H ,/N 03 ratio
•  Nutrients mobility and chemistry in soils
•  Salinity of the irrigation water

R equ irem ent fo r  F e rtilise rs  Used in F e rtiga tion
•  100% water soluble
•  Quick dissolution
•  High nutrient content
•  Lack o f toxic materials
•  Low price
•  Easy availability

Fe rtig a tio n  S o lu tio n  EC and pH
EC (Electrical Conductivity) and pH are the two important indices of 

fertigation. They represent the whole quality and characteristics of fertilisers 
and water. It varies for different plants and soils. Some important facts 
related to pH are as un der:

•  Alkaline pH may cause precipitation of Ca and Mg carbonates and 
phosphates

•  High soil pH reduces Zn, P and Fe availability to plants
•  Ammonia raises the solution pH and urea increases soil pH upon 

hydrolysis
•  Acids (nitric, phosphoric) may be used to reduce the irrigation 

solution pH
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M etho ds o f A p p lica tio n  o f Fertilisers
• F e rtilise r tan k  (ava ilab le  in 60, 90 , 120 litre e tc)
• V entu ri d e v ice ( head loss / vacuum  opera ted)
• D osa tron  ( cos tly  and m o st e ffective)
• Fe rtilise r pu m ps or in jec to rs ( hyd rau lic  type )

B asic M ix ing  R ules  fo r  Fertigation
• T h e  m ix ing  co n ta in e r w ith  50 to  75%  o f the required w a te r shou ld  be 

used in the  m ix tu re  if m ix ing  dry so lub le  fe rtilise rs
• A lw a ys  pu t ac id  in to  w a te r ra the r than w a te r into acid
• W hen  ch lo rina tin g  w a te r w ith  ch lorine a lw ays add ch lo rine  to water, 

and not v ice  versa
• N eve r m ix an ac id  o r ac id ified  fe rtilise r w ith  chlorine
• A lw ays che ck  the  so lub ility  and com patib ility  o f d iffe ren t fe rtilise rs  to 

be used in fe rtiga tio n
• Do no t m ix p h ospho rus  con ta in ing  fe rtilise r w ith anothe r fe rtilise r 

con ta in ing  ca lc ium
• Do no t m ix con cen tra ted  fe rtilise r so lu tion d irec tly  w ith  anothe r 

con cen tra ted  fe r tilis e r so lu tion
. A lw ays add the  liquid fe rtilise r m ateria l to  the w a te r in the m ixing 

con ta iner, be fo re  add ing  d ry  so lub le  fe rtilise rs

P ractices o f F ertiga tion

To cap ita lize  on fe rtiga tion  benefits , pa rticu la r care should be taken 
in fe rtilise r p repara tion , dos ifica tion , fe rtilise r in jection m ethods as
w ell in the m a nage m en t and m a in tenance  system .

Fertiliser P rep ara tio n

The app lica tion  o f fe rtilise rs  is executed  by various m ethods.

.  S tock so lu tion  prep ara tio n  : M ix so lid  fe rtilise rs  as am m onium  
su lphate , po tass ium  ch lo ride , n itra te  and phospho ric  acid to 
prepare  a ta ilo r m ade s tock so lu tion . T he stock so lu tion is then injected 
into the  irriga tion  sys tem  @ 2-10  L/m 3

• C om po un d  so lid  fe rtilise r m ixtu res : M anufactured for use in
fe rtiga tion , w ith  ra tios be tw een the three  m ajor e lem ents. Som e 
com pos ition s  con ta in  m icroe lem en t in the form  o f che la tes

• C o m p o u n d  liq u id  fe rti lis e r  so lu tio n s  : T h e  to ta l n u trie n t
concen tra tion  is 5-3-8, 6-6-6, 9-2-8 specified fo r use in the 
g reenhouses. S om e com pos itions con ta in  m icroe lem en t in the fo rm  of 

che la tes



Generally two fertiliser tanks that contain the concentrated fertiliser 
solutions are used to separate those fertilisers that can interact. A possible 
combination is; tank "A" containing calcium nitrate, potassium nitrate 
magnesium nitrate and microelements, w hereas tank “B” contains 
ammonium sulphate, phosphoric acid, nitric acid; in this w ay P and Ca/Mg 
are in different tanks to avoid their precipitation. A third tank “C" contains ar, 
acid solution to control the pH of the fertiliser solution and to wash the 
irrigation system to avoid clogging of drippers.

D osification

The two types o f dosification depend on type o f crops grown, soil type 
and farm management system.

Quantitative ; It is the application o f the plant nutrients in 
predetermined concentration to the irrigation system. The fertiliser 
is applied in a pulse after certain water goes w ithout fertiliser using 
a fertiliser tank. The advantages of th is method are low cost and 
low maintenance. The disadvantages are effect o f water pressure 
change, concentration o f fertiliser varies during its application and 
it doesnotworkw ithautom ation.

Proportional ; The nutrients are applied in a constant and 
p roportiona lra tio tow a te rshee t.so tha tthe irriga tionw a te r takes a 
fixed concentration o f the applied fertiliser. In this case the 
fertilisers are applied by direct injection through fertiliser pumps 
The advantages are precise control o f the dosification and the 
injection moment, no effect o f water pressure change, easy 
au tom a tion . The d isa d va n ta g e s  are h igh  cos t and high 
maintenance and complicate operation.

F e rtiga tion  M anagem ent in  P lug -tray  N urse ry  R a is ing  Techno logy for 
Vegetables

The fertigation programme used in raising vegetable transplants 
affects the quality o f the finished transplant and its ability to become 
established in the field. A well-grown transplant will have adequate nutrient 
reserves to ensure rapid establishment under a w ide variety of field 
conditions. Vegetable transplants are usually fertilised with water soluble 
fertilisers, which are applied in the irrigation water. These materials vary in 
per cent nitrogen (N), phosphate ( P A ) ,  and potash (K20).' and in the 
m icronutrient content. G rowers should use fe rtilise rs that have 
most o f the nitrogen in nitrate form. Fertilisers having high concentration of 
urea should be avoided.
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S eed lings from  nursery to fie ld

F e r t i l is e r  a n a ly s e s  th a t a re  re c o m m e n d e d  fo r  t ra n s p la n t p ro d u c t io n  a re  
a s u n d e r :

C o n c e n tra tio n s  o f  N, P, K a n d  E C s  fo r 100  p p m  s o lu tio n  o f v a r io u s  w a te r  
s o lu b le  fe r t i l is e r  m a te r ia ls  fo r  use  in v e g e ta b le  tra n s p la n t p ro d u c tio n .

F e rt i l is e r
a n a ly s is

R a te  fo r  
10 0  p p m  N 

(g /1 0 0  litre s  
o f  w a te r )

P a rts  p e r m illio n  (p p m ) E le c tr ic a l
C o n d u c tiv ity

(E C )
m m h o s /c m ’

N P K

2 0 -2 0 -2 0 50 100 43 83 0 .4 0

2 0 -1 0 -2 0 50 100 21 83 0 .6 0

2 0 -0 8 -2 0 50 10 0 17 83 0 .7 5

1 7 -0 5 -1 9 59 100 12 92 1.0

1 5 -0 5 -1 9 67 100 14 83 0 .7 0

1 4 -0 0 -1 4 71 100 0 83 0 .8 5

‘ E lectrical C onductiv ity o f a 100 ppm solution in m icrom hos. The EC values were 
de term ined w ith a conductiv ity  m eter using d istilled water. The EC va lues obta ined 
will vary depend ing on the background EC o f the w ater source.
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A high con cen tm tion  of ph o sp h a te  (P ,0 , )  m a y  p ro m o to  e x c e s s ^  
seedling e longation under ce rta in  co n d itio n s  U so a fe rtilise r w ith  a lew ^  
m edium  phosphate concen tra tion  A n a lte rn a tive  is to use  a fe rtilise r with nr) 
phosphate (such as 14-0-14) for m ost feed ings, and  a p p ly  a high-phasphaig 
fertiliser period ica lly (once eve ry  fou r o r five fe e d in g s ) to p rom ote  qrowth 
Do not w ithho ld phosphate com plete ly, as th is  w ill d e la y  fie ld  establishm ent

Transplants should be w a te red  as re qu ire d  a n d  the nu trien t sotuti0n 
concentration and app lica tion  frequency sh o u ld  be  m o d ifie d  to  prom ote the 
desired am ount of grow th Fertiliser re q u ire m e n ts  va ry  depend ing  on cell 
size (larger cells require less fe rtilise r), and the  nu trien t cha rge  o f t,-» 
grow ing m edia (less fertilise r shou ld  be use d  if the m e d ia  have a hig^ 

nutrient charge)

F e rtig a tio n  R e q u ire m e n ts  o f T ra n s p la n ts

D ifferent vegetab le crops vary in the ir response  to fertiliser, so the 
feeding program m e m ust be m odified fo r d iffe ren t c ro ps  as pe r requirement 
Tomato are very responsive to fe rtilise rs  but exce ss  o f fe rtility  will reduce 
transplant quality. W hile feed ing at eve ry  w a te ring , fe rtilise r concentration of 
50 to 100 ppm N should be used depend ing  on the  stage of plant 
developm ent. It is advantageous to do feed ing  less o ften  a t a higher 
concentration. F o rw eek ly fe ed in g , use a concen tra tion  o f 250 to 350 ppm N 
Peppers require m ore fertilise rs than tom atoes the re fo re  iffe e d in g  is doneat 
every w atering, then approx im ate ly  100 ppm  N m a y be used bu t if feeding is 
done less often then h igher concentra tion m ay be used. C o le  crops do not 
require as much fertilise r as other crops and 100 to 150 ppm  N application 
w eekly should be suffic ient under m ost cond itions. S ince  cucurb its  have a 
re latively Short grow ing cycle com pared to o th e r c rops the re fo re  two to four 
applications of 100 to 150 ppm  N at w eekly  in te rva l shou ld  be suffic ient to 
produce good quality vine crop transp lan ts. G enera lly, the nu trient uptake 
by the roots is low  at low  tem perature  during w in te r season therefore 
concentration need to be increased acco rd ing ly  and v ice  versa during 
sum m ers when the nutrient uptake au tom a tica lly  increases. The Nitrogen 
dose should be 140-150 ppm N during w in te r and it shou ld  not be m ore than 
90-100 ppm N during sum m ers.

C a lcu la tio n  o f F e r t ilis e r  S o lu tio n  C o n c e n tra t io n s

The concentration o f fertilise r so lu tions is u sua lly  exp ressed  in parts per 
million (ppm ) o f n itrogen. To de term ine how  m uch fe rtilise r material is 
required to produce a solution o f a desired concen tra tion , use the following 
formula:

Quantity of fertiliser _  solution concentration (ppm) x solution volume (litres) 
required (grams) "  10 x (% N of fertiliser material)



For example, to make n 100 ppm solution of 20-10-20 fertiliser In a 500 litre 
tank, the amount of fertiliser required is

Quantity of fertiliser required(grams) = (1 0 0 x 5 0 0)
(1 0 x2 0 )

Therefore, quantity of fertiliser required is 250 grams.

F e rtig a tio n  M a n a g e m e n t  in G re e n h o u s e  C ro p s

The grow th  of vege tab le s  and flow ers in g reenhouses bu ilt on sandy 
dunes and w ith  inert substra tes  requ ires a specia l and precise con tro l o f the 
fertigation because the CEC o f these grow ing m edia are very low  and 
the re fo re  they do not prov ide  nu trients. The on ly  sou rce  o f nu trients is 
fertigation. G row ing  p lan ts in con ta iners  a llow  the co llection o f the leach ing 
w ate r and its com parison  w ith irrigation water. The m easurem ent o f EC, pH 
and nu trients concen tra tion  o f the leached solution ind ica tes if fe rtilise rs  are 
being applied in excess o r in de fic ien t and the re fo re  a llow s the consecutive  
correction o f the  fe rtiga tion  regim e. It is recom m ended to co llect the leached 
solution from  the con ta iners  and the solution from the drippers, and to 
com pare both so lu tions on a da ily  basis. A  h igher value of EC in the leached 
solution than in the applied solution ind ica tes that the plant absorbs more 
nutrients than w ater, the re fo re  w e m ust app ly  g rea te r am ount o f w ate r to the 
plant. On the o th e r hand, if the d iffe rence betw een the EC o f the leached 
solution and the incom ing solution is less than 0 .4 -0.5  dS/m , w e m ust app ly 
a leach ing irrigation to w ash the excess salt.

The op tim al pH va lue o f the irrigation solution m ust be a round 6 and the 
pH o f the leach ing so lu tion should not exceed 8.5. A  m ore a lkaline pH in the 
leaching solution ind ica tes that pH in the root zone reaches a value that 
causes phosphorus p rec ip ita tion and decreases m icronutrient availability. 
W hen pH in the  leachate is h igher than tha t o f irrigation w ate r we m ust 
ad just N H j/N 0 3 ra tio  o f the irrigation solution by increasing the NH, 
proportion. W hen pH in the  irrigation solution is h igher than 6, w e m ust add 
acid to the so lu tion to low er the pH. The chloride accum ulation in the root 
zone can be rem oved by apply ing irrigation w ithou t fertiliser.

Role o f M ajor N utrients in H orticultura l crops

Nitrogen
• It is a constituen t o f proteins, enzym es, v itam ins and plant

horm ones
• It g ives v igorous vegetative grow th and dark green co lou r to plants
• It produces early grow th and de lays m aturity o f plants
• It governs the  utilisation o f potassium  and phosphorous
• Its de fic iency results in retarded vegeta tive  grow th
• Excess levels resu lt in abundant fo liage and da rk green co lour

Fertigation Scheduling lor Horticultural Crops 17



making plants more suscep tib le  to pest and d isease atu —  
Cxcess level d im in ishes phosphorous uptake

P h o sph o rou s
•  It is found m younger parts-flow ers, seeds and maturing f ^ ,
•  It enhances m aturity o f c rop , root g row th  and d e v e lo p ^
• it enhances activity o f rh izob ia  and fo rm ation  o f root noduJ11
•  Its deficiency results in re ta rded roo t g row th  and shoots with very Sm !

leaves w ith dark green colour, w hich la te r tu rns in to  bronze coin9
•  Its deficiency delays flow ering  and reduces fru it-bud format*^
•  Excess of phosphorous results  in in terve ina l ch lo rosis in younger ° 

leaves

jta ss iu m
• I! is involved in cell division, syn thesis and translocation 0f 

carbohydrates
•  It is found aoundantly in young leaves, root tips and meristematir 

tissues
• II plays a unique role in osm otic regulation, open ing  and closing of 

stomata
•  It improves the coioui, flavour and size of fruits
• Its deficiency sym ptom  first appears on recently matured leaves
• Lack ot potassium leads to shoots w ith poor growtn

Fe rtig a tio n  S c h e du lin a  fo r H o r t ic u ltu ra l C ro p s
Nutrient m anagem ent in fertigation is im portant for increasing the crop 

productivity and also quality o f produce Plant needs nutrients throughout 
their growth stages. For the newly p lanted fru it trees the dosage for first year 
fenigation is 10% of the recom m ended dose o f fu lly  m ature fruit trees and it 
will gradually increase by 20%  of the dosage for the succeeding years. In 
horticultural crops, these stages vary from  crop to crop viz. initial and final 
stage vegetative stage, flowering stage, flowering and fruiting stage etc, 
Fertigation scheduling indicating the crop w ise stages along with nutrients 
concentrations o f N , P and K in term s of ppm  (1 ppm N = 1 mg N / litre of 
water) are given for - fru it crop (Table 1), vegetables under open field 
cultivation (Table 2), vegetables under protected cultivation (Table 3) and 
flowers under protected cu ltivation (Table 4). From the farmers 
perspective, month w ise nutrient doses in horticultural crops are converted 
in 100% water soluble fertilisers urea phosphate (17:44 0), urea and SOP in 
user friendly way and given fo r - fru it crops (Table 5), vegetables under open 
field cultivation (Table 6), vegetables under protected cultivation (Table 7) 
and flowers under protected cultivation (Table 8 ) . The proposed fertigation 
scheduling (Tables 1 to 8) is general recom m endation for all types of soil. 
However, it is strongly recom m ended to get the soil testing done and ad|ust 
the nutrient dosage accordingly.

Fertigation scheduling for horticultural crops will benefit farmers in 
increasing the yield and quality of produce through efficient use of water and 
nutrients.

"%JCM •  **•
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Table 1. Fertigation scheduling in fruit crops

GJ

Crop

K innow

M ausam bi

Lem on

O range

Peach

Chiku

Ber

A onla

M ango

G uava

S traw berry

Spacing

Plant to plant

m

0.3

Row to row

m

8

8

6

0.3

Plants

No I ha

500

500

500

500

500

400

250

250

333

333

83333

Fertigation schedule Dose
N

Initial and fina l stage - O ctober - June
Fruiting stage - July - S eptem ber

Initial and fina l stage - O ctober - June
Fruiting stage - Ju ly  - S eptem ber

Initial and fina l stage - O ctober - June
Fruiting stage - Ju ly  - S eptem ber

Initial and fina l stage - O ctober - June
Fruiting stage - July - Septem ber

Initial and final stage - July - Dec
Flowering & fru iting stage - Jan - June

Initial and final stage - June - Dec
Flowering & fru iting stage - Jan - May

Initial and fina l stage - April - Oct
Flowering & fru iting stage -Nov - March

Initial and final stage - April - Oct
Flowering & fru iting stage - Nov- March

Initial and final stage - July - Jan
Flowering & fruiting stage - Feb - June

Initial and final stage - Feb - Aug
Flowering & fruiting stage - Sept - Jan

Vegetative stage - Oct - Nov
Flowering - Dec
Fruiting and harvesting - Jan - March

ppm ppm

30
60

30
60

30
60

30
60

30
60

30
60

15
30

10
20

30
30

30
30

50
60
50

K

ppm

15 30

Total \  Yield
N

Kg / ha

338
30 60

15 30 338
30 60

15 30 338
30 60

15 30 338

Kg / ha

169

169

169

K

Kg i ha

338

q / h a

200

338 180

338 300

30 60
169 | 338 200

15 30 400 f 200
30 60

15 30 313
30 60

7.5 15 154
15 30

10 103
10 20

15 30 268
15 30

400 200

157 313 200

77 | 154 400 |

51 103

134

15 30 252
15 30

30 60 115
50 80
30 80

126

268

252

300

120

300

73 163 250
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ro Table 2 Fertigation scheduling in vegetables under open field cultivation
Crop

T o m a to '

B rin ja l

O n io n

G a r lic

C h illi

Cabbage

Spacing 1 Plants

Plant to plant

m

C a u lif lo w e r

B ro c c o li

K n o lk h o l

0 .3

0 .5

0.1

3ow to row

m i No /ha

0.1

0 .3

0 .3

0 .3

0 .3

0 .1 5

1.2 2777 8

Fertiga tion  schedule

Vegetative stage- Oct

1.2 16667

Flowering - Nov
Flowering and harvesting - Dec - March

Vegetative stage- Oct

0.2  5 0 0 0 0 0

Flowering - Nov 
F low ering and harvesting - Dec - M arch|

| Vegeta tive  stage- Nov - Dec 
B u lbous stage - J a n - March 
H arvesting - April

0 .2  5 0 0 0 0 0

0.4 5 5 5 5 6

0 .3  8 3 3 3 3

V egeta tive  stage- O ct - Nov 
B u lbous stage - Dec - Feb 
H arvesting  - M arch

0 .3  8 3 3 3 3

0 .3  8 3 3 3 3

V egetative stage- Oct 
C urd stage - Nov
H arvesting  - Dec - Jan

V egetative stage- Oct
Curd stage - Nov

0 2 222222

H arvesting - Dec - Jan

V e ge ta tive  s tage - O ct
H ead ing  s tage  - Nov
H arves ting  - D ec - Jan

V ege ta tive  stage- July - Aug 
F low ering  - Sept 
F low ering  and harvesting - O ct -Dec

V ege ta tive  stage- Oct 
Curd stage - Nov 
H arvesting  - Dec - Jan

C o n td
Tomato - Semi - indeterminate type variety



laD le  i

Crop Spacin 

3la''l to plant
9 1 
tow to row

Plants Fertiqation schedule
d 1

Dose
s  I

Total

— \
Y \e \d  \

n ' o /ha jpm ppm ppm Kg / ha Kg i ha \ Kg I ha  \  

7 4  \

q  I h a  \  

2 0 0  \
Radish 0.15 0.2 2 2 2 2 2 2 Vegetative stage- Oct | 

Rooting stage - Nov 50 80 60
--- L L 1

IHarvesting - Dec - Jan 50 60 60

Carrot 0 .1 5 0 .2 Vegetative stage- Oct 50 40 50 65 77 74 2 50

Rooting stage- Nov 50 80 60
Harvesting - Dec - Jan 50 60 60

Beet root 0 .1 5 0 .2 2 2 2 2 2 2 Vegetative stage- Oct 50 40 50 65 77 74 300
Rooting stage- Nov 50 80 60
Harvesting - Dec - Jan 50 6 0 60

C ucum ber 0 .3 1.2 2 7 7 7 8 Vegetative stage- Nov 50 30 60 139 84 151 1 0 0
Flowering stage- Dec 75 45 80
Harvesting - Jan - March 75 45 80

M uskm elon 0.5 1.2 1 6 6 6 7 Vegetative stage- Feb 25 15 30 91 54 131 2 00
Flowering stage- March 50 30 60
Harvesting - April - May 25 I 15 40

W aterm e lon 0.9 1.2 9 2 5 9 Vegetative stage- Feb 25 15 30 91 54 131 250
Flowering stage- March 50 30 60
Harvesting -  April - May 25 15 40

Bottle gourc 0 .9 1.2 9 2 5 9 Vegetative stage- Feb 25 15 40 87 52 139 300
Flowering stage- March 50 30 80
Harvesting - April - May 25 15 40

B itte r gourc 0.5 1.2 1 66 67 Vegetative stage- Feb 25 15 40 87 52 139 150
Flowering stage- March 50 30 80
Harvesting - April - May 25 15 40

Ash gourd 0 T 1.2 9255 Vegetative stage- Feb 25 15 40 87 52 139 300

Harvesting - April - May 25 15 40

Contd



Table 2 Fertigation scheduling in vegetables under open field cultivation
Plan Fertigation schedule

> p o n g  

O u f  d

0 5

0 5

0 5

1 2 16667 Vegetative stage- Feb
Flowering stage- March
Harvesting ♦ Apnl - May

16667 Vegetative stage- Feto
Flowering stage- March
Harvesting - Apnl - May

16667 Vegetative stage- Fet)
Flowering stage- March 
Harvesting - April - May
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Table 3. Fertigation scheduling in vegetables under protected cultivation
Crop Spacing Plants Fertigation schedule Dose Total Yield \ 

\Plant to plant Row to row N P K P K

m m No/1000 rtf ppm ppm ppm Kg/1000 rtf Kg /1000 rtf Kg 11000 rtf q /1000 rtf I 
1

Tomato 0 .45 0.4 2773 Vegetative stage- Aug - Sept 100 50 100 35 12 39 150-200|
Flowering - Oct 200 60 200

Flowering and harvesting - Nov 250 80 250

Flowering and harvesting - Dec 250 80 250

Flowering and harvesting - Jan 250 80 250

Flowering and harvesting - Feb 250 60 250

Flowering and harvesting - March 250 50 250

Flowering and harvesting - April 100 50 200

Cherry 0 .45 0.4 2773 Vegetative stage- Aug - Sept 100 50 100 35 12 39 30-40
tom ato Flowering - Oct 200 60 200

Flowering and harvesting - Nov 250 80 250

Flowering and harvesting - Dec 250 80 250

Flowering and harvesting - Jan 250 80 250

Flowering and harvesting - Feb 250 60 250

Flowering and harvesting - March 250 50 250

Flowering and harvesting - April 100 50 200

Capsicum 0.3 0.4 4 1 6 0 Vegetative stage-Aug - Sept 100 60 100 32 15 36 40-50
Flowering - Oct 180 80 180
Flowering and harvesting - Nov 220 100 220
Flowering and harvesting - Dec 220 100 220
Flowering and harvesting - Jan 220 90 220
Flowering and harvesting - Feb 220 90 220
Flowering and harvesting - March 220 90 220
Flowering and harvesting - April 100 50 200

M C o n td



Table 3. Fertigation scheduling in vegetables under protected cultivation
Crop Spacing Plants

Plant to plant

m

Row to row |

m No/1000 m

Fertigation schedule Dose Total J Yield
N P K N P K

ppm ppm ppm Kg/1000 m' Kg /1000 m' Kg/1000 m‘ I q /1000 nr

Crop cycle (August - October)
Vegetative stage - Aug 120 60 120 15 7 16 40
low ering - Sept 180 80 200
Flowering and harvesting - Sept - Oct 180 80 200

Crop cycle (Nov - Jan)
Veqetative stage - Nov 160 80 160 10 4 11 30
Flowering - Dec 220 80 240
Flowering and han/esting - Dec - Jan 220 80 240

Crop cycle (Feb - April)
Vegetative stage - Feb 120 60 120 16 6 18 30
Flowering - March 180 60 200
Flowering and harvesting -March-April 180 60 200

Cucumber 0.3 0.4 4160

3
o
%

§
K1
o
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Table 4. Fertigation scheduling in flowers under protected cultivation
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Table 5. Month wise fertigation scheduling in fruit crops

Crop Particulars Month wise application of water soluble fertilisers (kn fh.r pwp
/ ha) and Irrigation (No)

Kinnow

n
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Table 5. Month wise fertigation scheduling in fruit crops

Crop P articu lars M onth w ise app lication  of w ater so luble fe rtilisers  (kg Iha"), CNNR (m3l ha') and Irrigation

Jan Feb March April May \ Junel July August! Sept! Oct Nov Dec I Total

Orange
CWR

Irrigation

Urea phosphate

Urea

SOP

CWR

Irrigation

Urea phosphate

Urea

SOP

CWR

Irrigation

Urea phospha

264 362 632 1071 1423 1479 949 685 694 611 459 295

8 8 8 8

9.0 12.3 21.6 36.5 48.5 50.4 64.7

13.9 19.0 33.3 56.4 74.9 77.8 99.8

15.8 21.7 37.9 64.3 85.4 88.7 113.8

248 340 595 1008 1339 1392 893

12 14 16

16.9 23.2 40.6 68.7 91.3 94.9 30.4

26.1 35.8 62.6 106.1 140.9 146.5 47.0

8 8

46.7 47.3 20.8 15.6

72.1 73.0 32.2

82.2 83.2 36.7

645 653 575

8 10 1 2

22.0 22.3 19.6

33.9 34.3 30.3

29.8 40.9 71.4 121.0

217 29 52 882

D 12

14.8 20.2 35.5 60.1

Urea 22.8 31 A 54. 92.8

SOP 26. 35. 62 105.8

160.7 167.0 53.6

1172 1218 781

14 16

79.9 41.5 26.6

123.3 64.1 41.1

140.6 73.1 46.9

38.7 39.2

564 571

8 10

19.2 19.5

29.7 30.1

33.9 34.3

34.5

503

12

17.2

26.5

30.2

24.2

27.5

432

8

14.7

22.7

25.9

378

8

12.9

19.9

22.7

10.1

15.5

17.7

278

9.5

14.6

243

8.3

12.8

14.6

8923

383.5

592.0

675.0

8398

110

454.1

700.9

16.7 799.3

7349

110

355.8

549.2

626.3

C ontd .



Table 5. Month wise fertigation scheduling in fruit crops
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Table 5. Month wise fertigation scheduling in fruit crops

Crop Particulars Month wise application of water soluble fertilisers (kg Iha^, C\NR (m5l ha1) and Irrigation (No'i \

Jan Feb March April May June July August S ept Oct \ Nov \ Dec \ Total \

Guava \
CWR 248 340 595 1008 1339 1392 893 645 ' 653 575 432 278 8398

Irrigation 4 6 8 8 8 8 6 6 7 6 4 4 75

A Urea phosphate 8.5 11.6 20.3 34.4 45.7 47.5 30.4 22.0 22.3 19.6 14.7 9.5 286.3

Urea 13.0 17.9 31.3 53.0 70.5 73.2 47.Cl 33.9 34.3 30.3 22.7 14.6 441.9

SOP 14.9 20.4 35.7 60.5 80.< 83.5 53.6 38.7 39.2 34.5 25.9 16.7 503.9

Strawberry
CWR 248 340 521 432 432 278 2251

Irrigation 4 6 8 6 8 4 36

■ V , Urea phosphate 16.9 23.2 35.5 29.4 29.5 31.6 166.1

Urea 20.7 28.4 43.5 36.0 36.1 24.6 189.3

m m * SOP 39.7 54.5 83.3 51.8 51.8 44.4 325.5

CO
CO



Table 6. Month wise fertigation scheduling in vegetables under open f i e ld  c u l t i v a t i o n

Crop Particulars Month wise application of water soluble fe r t i l isers  (kg /ha),  C W R  ( m 7 ha) a n d  Irr igation (No)

Contd.
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Table  6. M o n th  w is e  fe r t ig a t io n  s c h e d u l in g  in v e g e ta b le s  u n d e r  o p e n  f ie ld  c u \tW a \\o r \

Particulars Month w ise application of water soluble fertilisers (kg Iha"), CW R (m 1! ha") and Irrigation

Oct \  N o v \  D ec \ TotalMarch Ju n e Ju ly  \ A u gu st  \ S ep t

Garlic
CW R

Ir r ig a t io n

Urea phosphate

C W R 3137

I r r ig a t io n

Urea phosphate

Cabbage
C W R

Irrigation

Urea phosphate

CO
cn Contd
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Table 6. Month wise fertigation scheduling in vegetables under open field cultivation

Crop Particulars Month wise application of water soluble fertilisers (kg I ha), CWR (m 2f ha) and Irrigation (No)

Jan Feb March April May June July August Sept Oct Nov Dec Tota l

248

16.9

20.7

29.8

248

6

16.9

20.7

29.8

248

6

16 9

20.7

29.8

432 378 278

8

294

36.0

43.2

432

29.4

36.0

43.2

432

29 4

36.0

43.2

387

47 3

60.5

378

8

38 7

47.8

60.5

378

8

38 7

47.3

18.9

23.2

33.3

278

18.9

23.2

33.3

278

18.9

23.2

1335

26

103 9

127 3

166,7

1335

26

103.9

127,3

166.7

1335

26

103.9

J 127.3 j
60.5 I  3 3  3  j  1 6 6  7  j

Contd.

Cauliflower

CW R

Irrigation 

Urea phosphate| 

Urea 

SOP

CWR

CW R

Irrigation

Urea phosphate

Urea

SOP

Irrigation

Urea phosphate

Urea



Table  6. M o n th  w is e  fe r t ig a t io n  s c h e d u lin g  in v e g e ta b le s  u n d e r  o p e n  fie ld  c u lt iv a t io n

Month wise application of water soluble fertilisers (kg lha), CWR (m l ha) and Irrigation (Ho)Particulars

CWR 

Irrigation 

Urea phosphate

Jrea

B eet roo t

CWR 

Irrigation 

Urea phosphate 

Urea

CWR

Irrigation 

Urea phosphate

Cani d
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Table 6. Month wise fertigation scheduling in vegetables under open field cultivation

Do

O

00

Ko
O

Particulars Month wise application of water soluble fertilisers (kg /ha), CWR (m3/ ha) and irrigation (No)
Jan Feb March April May June July A ugust Sept Oct Nov Dec Total

CWR 279 383 595 432 312 2002

Irrigation 4 6 8 8 6 32

I Urea phosphate 28.5 39.2 60.9 29.5 32.0 190.0

1 Urea 34.9 48.0 74.5 36.1 397 232 7

| SOP 44.6 61.3 95.2
'

51.8 500 303.0

CWR 255 595 1008 1172 3030

1 Irrigation 6 8 8 8 30

| Urea phosphate 8.7 40 6 34 4 39.9 1235

1 Urea 107 49.7 42.1 48.9 "S i 4

I SOP 15.3 71.4 80.6 93.7 JZ' ^

|  CWR 255 595 1008 1172 3030

N Irrigation 6 8 8 8 3 0 1

|| Urea phosphate 8.7 40.6 34.4 39 9 123.61

j i  Urea 10.7 49.7 42.1 48.9 -\ L  I I  1514 1

1  SOP 153 71.4 80.6 93 7 i ----------------------------------------------------

I  I  1 1 2 6 1 1]
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Table  6. M o n th  w is e  fe r t ig a t io n  s c h e d u l in g  in v e g e ta b le s  u n d e r  o p e n  f ie ld  c u ltiv a tio n

Crop Particulars Month wise application of water soluble fertilisers (kg (ha), CWR ha) and Irrigation (Uo) \

Jan Feb M arch A p ril May June A u g u s t [ Sept Nov !̂ Dec \ Total \

Bottle gourd
I
i
1

.

CWR 255 521 1008 1172 j 2956\
Irrigation 6 8 8 8 30

j v Urea phosphate 8.7 35.5 34.4 39.9 118.5

w  \ Urea 10.7 43.5 42.1 48.9 145.2

SOP 20.4 83.3 80.6 93.7 278.1
I Bitter gourd

t  -
CWR 255 521 1008 1172 2956
Irrigation 6 8 8 8 »

I Urea phosphate 8.7 35,5 34.4 I 39.9 118.5 j

L > -  '
Urea 10.7 43.5 42.1 48.9 I 145.2

r  . SOP 20.4 83.3 806 937 278.1

Ash gourd
-  j — '•wqw 

\

CWR 255 521 1008 1172 2956
Irrigation 6 8 8 8 30

_y d Urea phosphate 8.7 35.5 34 4 39.9 118.5
Urea 107 43.5 42.1 48.9 i 145.2

L  \  m SOP 20 4 833 806 93.7 i 278 1

Conld...



TB
-IC

N: 80 
2010

uo Table 6. Month wise fertigation scheduling in vegetables under open field cultivation

Crop Particulars Month wise application of water soluble fertilisers (kg I ha), CWR (m3/ ha) and Irrigation (No)

Jan Feb | March April May June July August Sept Oct Nov Dec Total

CWR 255 | 521 1008 1172 2956

Irrigation
6 | 8 8 8 30

1 Urea phosphate 8 .7 1 35.5 34.4 39.9 118.5

Urea 10 7 1 43.5 42.1 48.9 145.2

SOP 20.4 83.3 80.6 93.7 278 1

CWR 255 521 1008 1172 2956

Irrigation 6 8 8 8 30

Urea phosphate 8.7 35.5 34.4 39.9 118.5

Urea 10.7 43.5 42.1 48.9 1452

SOP 20.4 | 83.3 80.6 93.7 278.1

•
I CWR 255 521 1008 1172

1 1
2956

I Irrigation 6 8 8 8
1 1

30

Urea phosphate 8.7 355 34.4 39 .91 j  j  I  1 1 18 5 /

1 Urea 10.7 43.5 42.1 j 48. 9 j  I I I /  /  /  /  14521
\  SOP j 20.4 j 83.3 80.6 J 93. 71 I I I I I I /  278  V

Ridge gourd

r  *

Sponge gourd

Pointed gourd
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Tab/e 7. M onth w ise fertigation  scheduling in vegetables under protected cultivation VtOOOm*')

Particulars I Month wise application of water soluble fertilisers (kg /1000mJ), CWR {m'l  1000m2) and irrigation \Crop

a
C o n td ...



 T a b l e T J W o p ^  scheduling in vegetables under protected cultivation (1000m')

r ° P  Particulars — Month wise application ot water soluble f e r t i l is e r s  (kg / 1 0 0 0 m ') ,  CWR ( m 7 1 0 0 0 m ')  a n d  Irr igation (No)

—   ^ _ J ----------------- 1------^ a n j — Feb------ M arch  April M ay June July August Sept [ O c t ]  N ^ T I Dec I Tnt=

Cucumber (Crop cycle - August - Oct) T 1—1 ----- --

Irrigation

Urea phosphate

Cucumber (Crop cycle - Nov - Jan)

C W R

Urea phosphate

Cucumber (Crop cycle - Feb - April)
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Table 8. M onth w ise  fertigation  sch ed uling  in flow ers  under p ro tec ted  c u \tw a t\o n  (A 0 0 0  m' A

Crop Particulars Month w ise application  of w ater so lub le fe rtilisers  (kg IA000m 1 y  CNiMR (m l A000m1 A an d  XuAgaVxoo 

June \  July I August \  S e p t\ Q c t \  M o v \ D ec \  Total

CO

Contd...



Table 8. M onth w ise fe rtigation  sch edu ling  in flow ers  u nd er p ro tec ted  c u ltiv a tion (1 0 0 0 m 2)__________________________________________

Month wise application of w ater so luble fertilisers  (kg /1000m 2), C W R  (rn / 1000m 2) and Irrig a tio n  (N o) \Crop Particulars

Jan Feb March April May June July \ August) Sept\ Oct \  Nov \  Dec \  Total

Lilium
CWR

Irrigation

Urea phosphate

Urea

SOP

CWR

Irrigation

Urea phosphate

Urea

SOP

11

1.3

1.5

1.8

11

1.0

1.1

15 23 34

8

1.7 2.7 2.3

38 39 25

8

2.6

2.0

2.5

15

1.4

1.5

1.3 | 1.8

3.1 2.8

3.7 3.4

23 34

8

2.1 1.5

2.3 2.4

2.8 2.7

3.1

3.8

38

8

8

26 19

8

2.7

3.3

1.7 1.8 2.1 2.2

2.1 2.2

3.9

39

8

1.7

2.6

3.0

1.8

2.7

3.1

2.5

2.6 |
2.2

25

1.1

1.8

2.0

22

1.0

1.5

2.6 3.1 3.1

22

1.5

1.8

26

8

1.8

2.2

1.7 1.8 I 2.1

19

1.8

1.9

2.3

12

1.1

1.2

1.5

287

24.0

28.8 \

34.6

287

76

17.9

23.0

26.3




