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Abstract

Efficient use of water and nutrients is required to accomplished sustainable production. The efficient
utilization of these inputs need an integrated approach to promote the techniques of nutrients and water
management among farmer to achieve the quality and quantity production. This study aims at reviewing
the effect of drip irrigation and fertigation in citrus. Water scarcity is one of major problem of citrus
cultivation in India. Among the different methods of irrigation, drip irrigation is most efficient form of
application of irrigation to the crops which supplies water at optimum time to root zone and increases the
growth, yield and quality of crop. Drip irrigation helped the cultivation of plants more profitable than
compared to normal traditional watering of plants and increase the water use efficiency (WUE) in
agriculture. As the citrus is more water loving crop, installation of drip would be more helpful in a
increasing yield as well as gaining fruitful income. Drip irrigation can also be used for the fertigation and
increases the nutrient use efficiency (NUE). However, it also delivers many other economic and social
benefits to the society. In this article, intensive research works regarding water and nutrient management
for citrus has been reviewed and discussed so that a definite perception may be generated for the farmers
as well as future researchers.
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Introduction

Citrus generally belongs to the family Rutaceae and is one of most important sub tropical fruit
crop cultivated in the world. Citrus is grown across the 146 countries which is highest among
the fruit crops. In India few species, such as grape fruit, lemons, limes, sweet oranges, and
mandarins are commercially cultivated. Citrus fruits are rich in multiple nutrients such as
vitamin C, flavonoids and fiber, reduce inflammation, improve gastrointestinal function and
health (Annanekrich, 2020). Citrus is a highly irrigated crop and due to the evergreen perennial
nature, it requires water as well as nutrients all the year for greater yield and productivity. The
deficiency of water and nutrient in any phase of the harvest reduced the yield and nature of
organic products definitely. Water shortage is one of significant worry in the citrus developing
districts of the world. The utilization of water and manures through the conventional surface
water system is usually adopted in citrus (Singh and Srivastava, 2004) 21, This leads to
substantial loss of nutrients from the rhizosphere zone of the plants due to conventional
irrigation techniques which also leads to the contamination of water in surface as well as
ground water (Hanson et al., 2006). The ideal utilization of water and manure to increase the
crop yield and fruit quality is one of major concern of today criticultural system (Shirgure,
2012) 31, 1t is expected that natural sources of water will exhaust soon, so there is a urgent
need to adopt the technologies which can save on water use especially in crops. Drip irrigation
is a novel approach developed all over the world has given a new way of judicious and
efficient use of water which has been a revolution in the horticultural and other crops. This
system has been adopted in about thirty five countries out of which India ranked seventh in
terms of acreage. Drip irrigation, also synonymous as micro irrigation or trickle irrigation,
relies on application of water to the rootzone of the plants usually in the form of droplets. Drip
irrigation generally uses less than half the water of furrow irrigation and had higher efficiency
exceeds 90%. Drip irrigation does not wet the entire surface of the soil and often preferred
over other irrigation methods because of the high water-application efficiency reduced losses,
surface evaporation, deep percolation without wetting the plant surface thus making conditions
less favorable for many diseases. For appropriate use of composts, fertigation for example
application through fluid or dissolvable composts through dribble water system can supplant
soil application. The water solvent manures can be utilized for fertigation for improving the
yield and quality.
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The measure of manure applied through the fertigation at any
time is small and particularly around the root zone to meet the
crop nutrient demand which improves the quantity and quality
of crop. The trickle water system and fertigation has better
water and manure use proficiency just as well as different
focal points like sparing in labor, water and power, greater
orchard uniformity, better soil water plant relationship,
rooting environment, better yield and quality in citrus.
Besides these advantages the main issue realted to drip
irrigation is the economic viability and the farmers are often
reluctant to adopt these methods due to their weak resource
base. This review is aimed at summarizing the efforts of
researchers in highlighting the effects of drip or trickle
irrigation and how it affects the growth, quality and yield
attributes in citrus species.

Impact of trickle water system and fertigation on
vegetative growth and development:

Fertigation is an important aspect of fruit culture in current
scenario. Fertigation not only ensures savings on irrigation
water but also ensures prolonged availability of fertilizers in
the root zone thereby enhancing the performance of the plant.
Kinnow mandarin is a nutrient responsive crop and
application of 120% recommended dose of fertilizers
(600:288:288g/plant/year) through fertigation method ensures
enhanced growth characters in Kinnow mandarin crop (Sinha
et al., 2019). Kinnow plants supplied with fertigated nutrient
solutions responded with increased plant height, stem girth,
canopy volume and yield under high density planting system
as compared to 100%, 80%, 60% of RDF. Citrus sinensis cv.
Mosambi showed significant effects on phenology and
physiology of the plants when supplied with fertigation levels
such as 120%,100%,80%,60%,40% RDF (Nirgude et al.,
2016). Fertigation with 120% RDF had significantly higher
plant height, trunk girth, canopy volume, leaf area index and
growth of present season shoot. The tree physiological
parameters viz. total chlorophyll (2.65 mg/g), net
photosynthesis rate (6.83 pmol CO, / m?sec), stomatal
conductance (0.18 mol/m?%sec) and area of leaf (31.9 cm?)
were also higher under 120% RDF through fertigation. Drip
irrigation at 90% ER (effective rainfall) and fertigation level
of 80% RDF had significantly maximum plant height, plant
spread, and canopy volume as compared to other irrigation
and fertigation levels in sweet orange (Jogdand and Jagtap,
2018). Fertigation with 100% RDF in Citrus sinensis had
significantly higher plant height (0.61 m), stem girth (5.51
cm), plant spread (0.63 m) and canopy volume (12.59 m?®) as
compared to the soil application of RDF (Goud et al., 2017).
Trials on Citrus nobilis at Ahmednagar to evaluate the
combined effect of nutrient levels at different level of
irrigation confirmed that drip irrigation at 90% ER and
fertigation with 80% of RDF recorded significantly maximum
plant height (4.54 m) and canopy volume (34.87 m?) (Dalal et
al., 2019). Higher leaf area per cm? was observed under drip
irrigation in Kagzi lime at 100% ET as compared to the basin
method of irrigation (Balaganvi and Kumathe, 2004)

Impact of trickle water system and fertigation on yield

Yield of a fruit plant is directly correlated with availability of
irrigation and nutrients. Physiologically, nutrients help in
synthesizing fruit tissues and irrigation plays a pivotal role in
cell expansion thereby leading to increase in size. Also
moisture stress is related to flower and fruit drop in fruit crops
especially in citrus which is a very sensitive fruit crop.
Nagpur mandarin, the premier mandarin of India reported to
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have achieved 65% more yield over basin irrigation with band
placement of fertilizers (Panigrahi and Srivastava, 2017). Drip
irrigation keeps the root zone moist thereby limiting any
stress signals that might originate from moisture stress. Drip
method of irrigation produced significantly higher yield,
higher number of fruit per plant, fruit retention percentage and
fruit weight in Mosambi sweet orange as compared to the
basin method of irrigation (Ghosh and Pal, 2010). Significant
higher fruit yields to the tune of 150 kg/plant were achieved
under drip irrigation system in Kinnow orchard as compared
to the 115 kg/plant achieved in conventional irrigated orchard
(Bhagat and Yadav, 2019).

Acid lime, a heavy bearing citrus responds well to rhizoshpere
moisture saturation. 90% RDF as fertigation at 1005 ET in
acid lime cv. Phule Sharbati resulted in maximizing growth
and yield (Taru et al., 2020). Response of Sweet Orange cv.
Sathgudi was studied over a period of 8 years to precisely
determine the effect of nitrogen and potassium fertigation on
growth, yield and quality of fruits borne by the plant (Ramana
et al. 2014). Fertigation with 75% RDF of N and K had
significantly higher number of fruits per tree and final
cumulative fruit yield. Fertigation to compensate the evapo-
transpiration was tried in Kinnow mandarin plants (Desai et
al. 2014). Maximum fruit yield was observed at 80% of ET
and 700 g K/plant/year. Different drip irrigation regimes and
RDF levels were tested for growth, quality and yield analysis
in Kinnow mandarin (Sharma, 2017). The interaction of 0.8
volume of water and 80% RDF through drip irrigation
recorded significantly highest number of fruits per plant
(515.9) and vyield per hectare (258.7 quintals). In sweet
orange, maximum fruit yield (14.18 t/ha) was observed with
the drip irrigation scheduled at 90% ET combined with 70%
RDF fertigation with saving of 10-30% in water and
fertilizers (Lakashmi et al., 2019) 24, Grape fruit is another
important member of citrus family in which fertigation has
been evaluated for yield and yield components with four
treatments viz. 50%, 75%, 100% and 125% of urea
recommended dose applied through fertigation. The highest
number of fruit per tree and yield was observed in 125% of
urea recommended dose, while the lowest was obtained for
50% of urea recommended dose (Khalifa et al., 2018). In
sweet orange, drip irrigation at 90% ER (effective rainfall)
and fertigation level of 80% RDF had significantly higher
number of fruits, weight of fruit, fruit yield kg/plant and t/ha
as compared to other irrigation and fertigation levels (Jogdand
and Jagtap, 2018). Significantly higher fruit yield was
obtained by fertigation with 100% RDF as compared to the
soil application of RDF (Goud et al. 2017). Drip irrigation at
90% ER and fertigation with 80% of RDF recorded
significantly highest number of fruits (286.49 fruits tree™),
weight of fruit (238.69 g) and yield (68.20 kg tree?) with the
substantial saving of water and fertilizers (Dalal et al., 2019).
Drip irrigation with 100% crop ET recorded significantly
higher vyield/tree as compared to traditional check basin
irrigation (Balaganvi and Kumathe, 2004).

Impact of trickle water system and fertigation on fruit
quality: Fruit quality is a major attribute that commands the
acceptability and price in the market. Though fruit quality
depends upon various factors, moisture availability coupled
with nutrient management is the basics of having a good
harvest. Under the All India Coordinated Research Project on
Fruits at Maharashtra, evaluation of different irrigation levels
and fertigation regimes was carried out on sweet orange
(Hendre et al,. 2020) (8. Drip irrigation with 100% ET along
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with 100% RDF through water soluble fertilizers had
significantly higher fruit quality parameters such as juice,
TSS, higher ascorbic acid, reducing sugars, non-reducing
sugars and total sugars in comparison to other different
treatments. Fertigation with 100% RDF had higher juice
content and TSS as compared to the soil application of RDF
(Kuchanwar et al., 2017). Fruit quality attributes of Citrus
sinensis Osbeck cv. Mosambi were evaluated using fertigation
and it was observed that TSS (9.40° Brix), total sugar (7.43%)
and total acidity (0.33%) and other compounds of bioactive &
antioxidant compounds viz. ascorbic acid (51.74 mg/100g),
phenolics in total (156.4 ug GAE) as well as flavonoids (13.3
mg/100g) was obtained @ 120% RDF which was
significantly higher than 100% soil application of RDF with
drip irrigation (Nirgude et al., 2016). Fertigation with 75%
RDF of N and K had significantly higher fruit quality such as
Juice content (38.98%), as well as TSS (9.67) and Brix and
acidity (0.85%) compared to 50%RDF,100%RDF through
fertigation and 100% in RDF soil application (Ramana et al.,
2014).

Economics of cultivation using fertigation

Economic feasibility of a process is the most important aspect
of cultivation as the combined value of inputs should not
exceed the output gained through cropping. Any increase in
the cost of fertigation due to increased amount of fertilizer
application is compensated with the increased fruit quality
and cumulative yield. Laws of economics must confirm to the
return structure of a process otherwise it becomes a no gain
intervention. Researchers have worked on the economic
aspect of fertigation also and have consented to the profitable
nature of fertigation. Although it may involve higher inputs
but the incremental returns in the form of high yield coupled
with enhanced quality of the produce suffice the input costs.
Fertigation with 75% RDF of N and K had the top C: B ratio
@ 1:2.29 as compared to 50%RDF,100%RDF through
fertigation and 100% RDF through soil application (Ramana
et al., 2014). Maximum cost benefit (B: C) ratio of 3.84 was
observed in irrigation schedule @ 90% combined ER with
fertigation level @ 60% of RDF as compared to remaining
treatment combination (Lakashmi et al., 2019) [211,

Impact on Water use productivity

Drip irrigation has seen that 40.46% higher yield and higher
water use efficiency (4.85 kgm=?) and saves upto 55% of
water on irrigation in comparison with traditional flood
irrigation method of Kinnow plant (Raza et al., 2020). Drip
fertigation results in higher vyield, WUE and water
productivity with the additional benefit of saving fertilizers
cost and higher return than the soil application of
recommended dose (Barua, 2013). With the utilization of
water system level @ 80% ET and fertigation at 80% RD of
fertilizers was discovered acceptable in improving water
profitability and N use productivity (Goramnagar et al.,
2017). Impact of various water system and fertigation levels
on nutrient uptake efficiency were evaluated and it was found
that irrigation at 100% ET recorded significantly higher NUE
(99.47, 105.9 and 102.69 kg fruit kg™t N), PUE (265.26, 282.4
and 273.83 kg fruit kg P), KUE (132.63, 141.2 and 136.91
kg fruit kg K) which has observed to be a part with
fertigation at 80% RDF (Hendre et al., 2020) €. Higher
WUE (3.9 kg m3) @ FUE (87.3 kg kg™) has been observed
in drip irrigation at 75% ET and 75% RDF as compared
irrigation through basin with band implication of fertilizers
(Panigrahi and Srivastava, 2017).
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Impact of Fertigation on Supplement up-take

Fertigation is an effective technology whereby the nutrients
are made available to the plants in readily absorbable form.
Total N recovery and N use efficiency is fundamentally more
through dribble water system framework as contrasted with
irrigation by flood system. Total recovery of N in soil plant
system was 93% & 85.4% in drip irrigation (Quinones et al.,
2007). Individually, N-use productivity was essentially higher
with drip irrigation 75.1% more with flood irrigation 62.7%.
The uptake efficiency of N in the plant was significantly
higher with drip irrigation (75%) than with flooding irrigation
system (64%) and seen that drip irrigation systems was more
effective and beneficial for improvement in water use and
uptake of N from fertilizers in plants, along with reduced
leaching loss. When drip irrigation system and flood irrigation
systems were compared in citrus in relation to the response of
trees for nutrient status, it was observed that N compost
admission was 25% more prominent in trees of DI-F while
contrasted with the treatment of FI-B; the fine roots and
organic product produce of DIF trees aggregated 2.1 and 1.4-
crease more noteworthy manure N, accordingly, while
contrasted with the particular pieces of FI-B trees. They also
found that Potential nitrate leaching (PNL) was more in flood
irrigation (14%) as compared with drip irrigation (5%) (Belen
et al., 2012).
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