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Abstract 

Stone fruit crops play a significant role in the food and nutritional security. These fruits are mostly 

perennial in nature and require proper irrigation and fertilization for optimum growth, yield and quality. 

Nitrogen, phosphorus and potassium play a vital role in overall development of stone fruits. However, the 

use of these nutrients through conventional methods does not meet the fertilizer requirement according to 

the growth stage of the tree and thereby, fertilization becomes inefficient. Fertigation refers to application 

of fertilizers through irrigation, provided to an area of soil, where most of the active roots are present and 

also matches the timing of nutritional demand of the tree. Thus, efficient use of fertilizers and water 

thereby, minimizing leaching losses as compared to other methods of application. Taking into account, 

the declining water resources and leaching losses of fertilizers, it is essential to adopt such efficient 

technology to avoid scarcity in near future. The past studies conducted on different stone fruits suggested 

that adoption of this technology have improved the overall status, viz. growth, yield, quality and nutrient 

content of stone fruits, which is also highly beneficial to fruit growers from economic point of view. 
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Introduction 

The term stone fruits is used to denote fruits of the Prunus species, viz. peach, nectarine, plum, 

cherry and apricot, which contain hard stony seed in the flesh. These are the most important 

fruits worldwide among fruiting tree species, which plays a significant role for small 

horticulturists and rural economies (Jacob, 2010) [45]. The area under stone fruits are rapidly 

increasing in temperate parts of world due to its rich nutritional and economic value. The 

interest in growing these crops under subtropical regions during the last three decade has also 

increased due to availability of high quality and low chilling cultivars (Sharpe et al., 1990) [81]. 

Nutritionally, stone fruits are good sources of vitamins and minerals and there is increasing 

interest in their potential value as nutraceutical due to the presence of phenolic compounds 

with antioxidant properties. Land and water are the two primary inputs for progress in 

horticulture and economic development of any country. Water is becoming increasingly scarce 

globally with the fast shrinking of irrigation resources and continued expansion of population 

in the world. Fertilization is another critical operation which directly govern the optimum 

production in any cropping system. Hence, the efficient use of water and fertilizers are major 

concern to increase fruit yield and quality in modern horticulture (Dinnes et al., 2002 and 

Dong et al., 2005) [24, 25]. Fertigation is one of the recent techniques of applying fertilizers 

through drip irrigation systems (Edwards et al., 1982 and Bussi et al., 1991 Hagin and 

Lowengart, 1996 and Srinivas, 2004) [26, 17, 36, 96], which permits the application of various 

fertilizer formulations directly at the site of roots and thus, improves fertilizer use efficiency 

(Singh et al., 2005 and Shirgure and Srivastava, 2014) [89, 84]. This technique had come into 

existence in the late 1960’s in Israel. (Goldberg and Shimueli, 1970; Magen, 1995 and Sneh, 

1995) [33, 55, 93], however, the earliest study on fertigation was probably proposed by Bryan and 

Thomas (1958) [13].  

In recent past few decades, many researchers after using this technique in different stone fruits 

have pointed out the advantages of fertigation than other means of conventional fertilization. 

In peach, fertigation significantly improved the tree growth, yield, physical and chemical 

properties of fruits (Patten et al., 1989; Bryla et al., 2003 and Banyal et al., 2014) [69, 15, 6]. The 

valuable effects of fertigation on yield attributes, leaf and fruit nutrient content, tree growth, 

nutrient use efficiency and chemical traits were observed in nectarines (Battilani, 1997; Krig 

and Stassen, 2008 and Singh et al., 2015) [9, 51, 88]. The fertigation treatments have been found 

significantly superior in terms of vegetative and reproductive growth, time of application and 

yield, nutrient, quality characters in cherry (Neilsen et al., 2010 and Salgado et al., 2012) [66, 77]. 
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The higher water and fertilizer use efficiency and improved 

growth, physical, quality and leaf nutrients parameters in 

apricot (Bybordi, 2013) [19]. Advances in micro-irrigation 

techniques have emerged as greater application of fertigation 

in stone fruits. The stone fruits also serve as alternative source 

of nutrients which reduce the burden on per capita 

consumption of other food sources as most of the stone fruits 

are perennial in nature. A considerable amount of work has 

been carried out on fertigation, however, studies on 

performance of stone fruits under fertigation are very limited. 

This review presents a brief description about utility of 

fertigation and its significance in stone fruits including 

growth, yield, quality, nutritional value and also the 

physiological and biochemical mechanism responsible for 

uptake of these nutrients. Subsequently, which might create 

interest of grower towards cultivation of these fruits and 

fetching high economic value from same piece of land. 

 

Benefits of fertigation in stone fruits 

Precise water and fertilizer management are foremost step in 

intensive fruit orcharding to enable the manipulation of 

growth and physiological development of trees and to ensure 

the possibility of higher quality fruit with extended storage 

period and to minimize costs of production (Tagliavini and 

Marangoni, 2000) [98]. Fertigation satisfies both the crop needs 

and minimize nutrient losses. In last few decades, various 

researchers had observed significant economic and agronomic 

advantages of fertigation in different fruit crops (Goldberg 

and Shimueli, 1970; Elfving, 1975; Huguet, 1980; Gastoud et 

al., 1982; Haynes, 1985; Burt et al., 1998; Bar-Yosef, 1999; 

Smith, 2001; Battilani, 2008; Ashraf et al., 2012; Shirgure, 

2012, Sharma et al., 2014; Shirgure and Srivastava, 2014 and 

Singh and Kumari, 2017) [33, 27, 43, 31, 39, 16, 8, 92, 10, 4, 82, 80, 84, 86], 

which will help fruit grower to understand vast utilities of 

fertigation. 

The continuous supply of water and fertilizers to the trees 

would mean a freedom at all times from shortage of moisture 

and nutrients, respectively (Mishra and Pyasi, 1993 and Bar-

Yosef, 1999) [59, 8], which would enable trees to attain higher 

growth rate, increased yield and nutrient uptake (Silber et al., 

2003) [85]. As there is even supply of water soluble fertilizers 

to the trees, there is possibility of obtaining higher yield 

percentage (Brahmanand and Singandhupe, 2000; Solaimalai 

et al., 2005 and Malhotra, 2016) [12, 94, 56]. Under drip 

fertigation, where a portion of soil is wetted, water use 

efficiency is found to be increased up to 90 per cent (Wu, 

1993; Sivnappan, 1994 and Manohar et al., 2001) [102, 90, 57] 

and fertilizer use efficiency is also higher which helps to save 

nutrients up to 80 per cent (Smith et al., 1979, Haynes, 1985, 

Tromp and Bolding, 1988; Fares and Abbas 2009; Imamsaheb 

et al., 2011; Sandal and Kapoor, 2015 and Srivastava and 

Malhotra, 2017) [91, 39, 99, 30, 44, 78, 97]. Precise application and 

uniform distribution of fertilizers in soil (Sathya et al., 2008) 
[79] and mineralisation of limited root zone are the main 

reasons for the reduced nutrient requirement (Magen, 1995) 
[55]. In this technique, fertilizers are supplied directly to the 

active root zone as required by the trees (Clark et al., 1991; 

Rajput and Patel, 2002 and Singh et al., 2005) [23, 73, 89], which 

otherwise also eliminates the danger of burning the tree root 

system, since the fertilizer is applied in very low 

concentration. Nutrients and water losses due to volatization 

and evaporation are very minimum or completely absent 

because nutrient solution is supplied through network of pipe 

lines. Moreover, fertilization scheduling is done on the basis 

of crop need and hence, improve efficiency and flexibility 

than other methods of application (Rolston et al., 1979; Raina, 

2002; Chen et al., 2010 and Nanda, 2010) [75, 70, 21, 62]. Under 

fertigation, water and fertilizers are supplied at the right time 

and required levels. Thus, over-feeding is totally avoided and 

also helps to meet the physiological needs of the trees at 

different stages of growth (Li, et al., 2002 and Shirgure, 2013) 
[54, 83]. Combining water, liquid fertilizers with insecticides 

and herbicides (Kumar, 1999) [52] saves labour, machinery and 

time of application separately. The fertigation technique also 

gives benefits under saline water condition where relative 

high water potential develops between frequent irrigations 

and hence, salt concentrations remain low (Magen, 1995) [55]. 

Cultivation of stone fruit trees under light soil condition, 

always possess problem and hence, fertigation offers growing 

of these crops under such soil condition and also minimizing 

soil compaction by avoiding involvement of heavy traffic of 

equipment as in conventional method of fertilizer application 

and thereby, maintaining and improving the physical, 

chemical and biological nature of soil (Haynes and Swift, 

1987) [41]. In conventional approaches, over fertilization and 

irrigation result in high intensity of weeds and pathogens, 

whereas, fertigation facilitate reduced weed population and 

contact time of pathogen with the tree (Yarwood, 1978 and 

Battilani, 2008) [103, 10]. Fertigation can be referred as spoon 

feeding approach of fertilization, where, fertilizer requirement 

of crop is calculated on the basis of individual tree demand 

for NPK on daily basis over the entire growing period of crop 

(Kabirigi et al., 2017) [47].  

 

NPK fertilizers, migration and localization in the soil 

Out of the 17 essential nutrients, nitrogen, phosphorus and 

potassium play a vital role in growth and development of 

many fruit crops as these are directly involved in various 

physiological processes of tree life cycle. Mass flow and 

diffusion along the concentration gradient are the main 

physiological processes that control movement of nutrients 

from the soil solution to the surface of root (Jungk, 1996) [46]. 

However, these mechanisms are affected by soil condition 

and crop characteristics. Nitrogen is comparatively more 

mobile nutrient and taken up by trees through mass flow, 

whereas, less mobile nutrients like phosphorus and potassium 

are absorbed by the process of diffusion (Barber, 1995 and 

Mmolawa and Or, 2000) [7, 60]. Transportation of both mobile 

and less mobile nutrients are facilitated by diffusion process, 

which under fertigation, becomes much more efficient 

mechanism of nutrient transport than mass flow (Claassen and 

Steingrobe, 1999) [22]. 

 

Nitrogen 

Nitrogen (N) is one of the major plant nutrients, which often 

applied to obtain optimum crop production. Besides tree 

growth, it is also involved in a number of physiological 

functions (Singh and Singh, 2002) [87]. Because of the loss of 

its various forms through leaching, volatilisation, 

denitrification or fixation in the organic fractions of the soil, 

availability of nitrogen usually becomes limited in the soil 

than other nutrients and often applied through drip irrigation 

system. Delivery of nitrogen through fertigation reduces 

nitrogen losses in the soil tree system by ammonia 

volatilization and nitrate leaching (Smith, 2001) [92]. The 

application of nitrogen in one time or in bulk is likely to 

convert into nitrate which being highly mobile, has tendency 

to move to the periphery of the water front and remain 

unavailable to the tree (Haynes, 1985) [39]. Urea and nitrate 

are more evenly distributed down the soil profile below the 
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emitter and had moved laterally in the profile to 15 cm radius 

from the emitter through fertigation (Haynes, 1990) [40]. 

Nitrate uptake rate of peach tree is low and hence, nitrate 

leaching risk is more in conventional method as the large 

amount of nitrogenous fertilizer are given to the tree (Gojon et 

al., 1991) [32]. Raina et al. (2005) [72] conducted an experiment 

and found higher NO3
-N in the upper soil layers than 

conventional soil fertilization suggesting higher leaching 

losses in the later. The NO4
-N concentration was higher under 

the emitters and decreased both vertically and laterally, 

whereas, NO3
-N content decreased vertically and increased 

laterally up to 30 cm distance from the emitter. Because, 

under fertigation frequent applications of less volume of water 

produced a lower hydraulic gradient which did not allow the 

penetration of wetting front to the deeper soil layers, hence, 

minimized leaching losses (Bar-Yosef, 1999) [8]. The nitrogen 

availability steadily increased with increased depth up to 30 

cm after that declined in all the distances at fertigation with 

75 per cent recommended dose of nitrogen. Highest available 

P and K in soil were confined to 0-15 cm of soil layer under 

all fertigation levels and decreased with increase in distance 

from the emitters and soil depth (Singh et al., 2015) [88]. 

 

Phosphorus 

Phosphorus (P) is the second most important nutrient after 

nitrogen in crop production, which under fertigation, seems to 

be modern technique where nutrients through water are 

supplied to crop roots continuously and results in higher water 

and fertilizer use efficiency by reducing nutrient losses 

through leaching and fixation in the soil to less available 

forms (Rauschkolb et al., 1976 and Zafar et al., 2013) [74, 104]. 

Comparatively better movement of P was found under 

fertigation than its soil application (Neilsen et al., 2010) [66]. 

The lateral distribution of available P under different 

fertigation levels was also noted to be decreased consistently 

with decreasing fertilizer rate. Phosphorus fertilization under 

drip irrigation facilitate both horizontal and vertical 

movement of native soil phosphorus near the outlet (Bacon 

and Davey, 1982) [5]. However, the distance of phosphorus 

movement directly correlated with application rate. In 

comparison to potassium, it is readily fixed in many soils 

(Kafkafi and Bar-Yosef, 1980) [48].  

 

Potassium 

Potassium (K) is an essential tree nutrient; mainly functions in 

pH stabilization, osmoregulation, enzyme activation and 

membrane transport processes and plays a very important role 

in tree growth, development and quality improvement. Its 

uptake is highly selective and transport is extremely mobile 

(Hagin et al., 2003) [37]. When potassium fertilizers are added 

to water, no adverse chemical reactions are observed. 

However, with mixture of different fertilizers, solubility 

reduces along with fertilizer incompatibility, for example 

calcium nitrate and potassium sulphate yield insoluble 

calcium sulphate. As several forms of K (potassium sulphate, 

potassium chloride and potassium nitrate) are readily soluble 

in water, ions move freely into the soil and are exchanged on 

the clay complex so that not readily leached away from soil 

(Bussi et al., 1991) [17]. Use of fertigation compared with 

localized soil application of potassic fertilizer can accelerate 

plant K availability (Guennelon and Cabibel, 1981) [35]. Many 

workers have detected considerable lateral and downward 

movement of trickle applied potassium (Goode et al., 1978: 

Keng et al., 1979; Kafkafi and Bar-Yosef, 1980) [34, 49, 48]. 

Inspite of less mobility than nitrate, potassium is more 

uniformly distributed in the wetted volume due to interaction 

with binding sites (Uriu et al., 1977) [100]. Like ammonium, 

the K ion is adsorbed on the cation exchange sites on soil 

colloids so that the extent of movement is dependent upon the 

cation exchange capacity of the soil and the rate at which K is 

applied.  

 

Various aspects of NPK fertigation in stone fruits 

Growth responses of the tree under NPK fertigation 

Growth responses as expressed in terms of trunk diameter, 

tree height and spread, annual shoot growth, leaf area, fresh 

and dry weight of leaves and weight of pruning wood have 

been studied through different experiments by scientists to 

explore the effects of fertigation. Southwick et al. (1999) [95] 

found that 0.11 to 0.23 kg actual N per tree is a sufficient 

amount of nitrogen to be given to the tree for increasing trunk 

cross sectional area and mass of pruned shoots with 

minimization of nitrate leaching into ground. Salgado et al. 

(2012) [77] found the effect of fertilization treatments through 

fertigation from his studies on both vegetative and 

reproductive parameters of young cherry trees cv. Brooks 

grafted onto ‘MaxMa 14’ rootstocks that there should be two 

way for the fertilization in cherry either fertilization should 

start after harvesting or a few weeks prior to expected date 

with nitrogen (>100 to <200 kg per hactare). 

Fertigation with higher recommended dose significantly 

improved the growth parameters viz., tree height, trunk girth, 

tree spread, canopy volume, annual shoot, leaf area and leaf 

chlorophyll as compared to the conventional soil fertilization 

in apricot, peach and nectarines (Raina et al., 2005; Banyal et 

al., 2014 and Singh et al., 2015, respectively) [72, 6, 88]. 

Similarly, fertilizers applied through fertigation and drip 

irrigation lead to maximum growth in peach, plum and sweet 

cherry as compared to basin application (Layne et al., 1996; 

Verma et al., 2017; Rubauskis et al., 2003 and Ahmad et al., 

2010) [53, 101, 76, 1]. 

The increased growth parameters under fertigation in 

comparison to conventional application, might be attributed to 

frequent application of water and nutrient during the critical 

growth stages of trees which in turn ascribed to increase the 

nutrient use efficiency by minimizing leaching losses (Bar-

Yosef, 1999) [8]. The existence of two or more nutrient ions in 

soil solution produce synergetic and antagonistic effects. 

Hence, uptake of N under fertigation simultaneously 

stimulates uptake of P and K which thereby, enhance the 

biomass of the trees.  

 

Fruit physical parameters and yield components under 

NPK fertigation 

The fruit physical parameters, viz. weight, length, volume, 

firmness, pulp content and yield attributing characters are 

prime indicators in economics of the experiment. Application 

of fertilizers significantly affects the physical parameters 

including yield. Nitrogen fertigation increased yield and 

average fruit weight of peach fruits (Bussi et al., 1994) [18]. 

Layne et al. (1996) [53] found linear increase in total yield of 

high density peach orchard. Callan and Westcott (1996) [20] 

observed the significant results on yield of tart cherry trees 

grown under drip irrigation and supplied with non-chloride 

potassium sources. Southwick et al. (1999) [95] observed that 

0.11 and 0.23 kg nitrogen per tree is sufficient dose of 

nitrogen for optimum dry yield. Similarly, surface and 

subsurface drip fertigation improved fruit size and marketable 

yields (9-22 per cent) of peach tree over furrow or micro 

spray irrigation methods (Bryla et al., 2003&2005) [15,14]. 
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NPK fertilization is responsible for highest yield and fruit 

length, however, phosphorus fertilization results in improved 

fruit diameter (Bybordi, 2013) [19]. Fertigation with full dose 

of recommended dose of fertilizers resulted in significant 

increase in physical parameters including fruit yield, fruit 

weight, fruit length and fruit diameter when compared with 

direct fertilizer application in cherry, peach, plum and 

nectarine (Ahmad et al., 2010; Banyal et al., 2014; Verma et 

al., 2017; Rubauskis et al., 2003 and Singh et al., 2015) [1, 6, 

101, 76, 88]. Injection fertilization with total amount of fertilizer 

resulted in higher fruit weight (individual fruit), which 

increased weight by 12.24 per cent over radial ditch 

fertilization with total amount of fertilizer treatment in 10 

year old Abubai peach (Hong et al., 2017) [42]. In contrast, 

Neilsen et al. (2004, 2007) [64, 65] conducted an experiment 

using Lapins’ sweet cherry to check the effect of different 

fertigation treatments. They found the fruit size to be smaller 

when crop load was at a maximum at fourth year with high 

nitrogen application and optimum yield with the medium 

nitrogen treatment. Similarly, Salgado et al. (2012) [77] found 

no significant difference in fruit yield of young cherry cv. 

‘Brooks’ grafted onto ‘MaxMa 14’ with differences in fruit 

size and small number of fruits/ tree under different fertilizer 

treatments. Koumanov et al. (2016) [50] studied the effect of 

continuous and interrupted fertilizer application (both drip 

and sprinkler irrigation) through fertigation on fruit yield and 

yield attributing components of ‘Burlat’/Mazzard and 

‘Lapins’/ ‘Gisela5’ of cherry. The variant shows no 

significant differences, with and without interruption of the 

nitrogen supply before fruit harvesting and hence, nitrogen 

fertigation, may be applied continuously without negative 

effects on the cherry fruit yield.  

Fertigation in comparison to conventional fertilization results 

in improved water and nutrient management, facilitating 

positive effects on several aspects of fruit physical and yield 

attributes. The uniform distribution of NPK coupled with its 

confinement in active root zone increases the uptake of 

nutrients that might be responsible for synthesis of more 

metabolites, their translocation and in turn increased size, 

weight and volume of fruits characters (Bussi et al., 1994 and 

Neilsen et al., 2007) [18, 65]. Frequency in nutrient uptake is 

possible through two mechanisms; continuous replenishment 

of nutrients in the depletion zone at the vicinity of root 

interface and enhanced transport of dissolved nutrients by 

mass flow, due to the higher averaged water content in the 

medium.  

 

Fruit quality traits under NPK fertigation 

There are many studies which have shown adverse effects of 

environmental factors (temperature, light, pH and organic 

matter of soil, pollution, pests, water and nutrient) on quality 

characteristics of fruits (Evers, 1994; Mozafar, 1996; Obreza 

et al., 1996 and Battilani and Solimando, 2004) [28, 61, 67, 11]. In 

general, stone fruits are comparatively more sensitive to 

irregular or changed water and nutrient condition and hence, 

fertigation techniques do better in case of these fruits. Various 

attributes which governs the quality of stone fruits includes; 

total soluble solids, acidity, sugar, ascorbic acid, anthocyanin 

and carotenoids etc. which are significantly affected by NPK 

fertigation in stone fruits. Fajt and Veberic (2002) [29] studied 

different fertilization methods and amounts of nutrients on 

peach fruits and found significantly effects on quality 

attributes; as the fruit matures, sucrose tends to increase, 

whereas, glucose and fructose decrease, there is also an 

increase in total soluble solids and malic acid content during 

fruit maturation, while shikimic acid showed a reduction in 

content. 

Fertigation significantly affects fruit quality attributes in 

terms of total soluble solids, acidity and total sugars content 

in cherry, nectarine and peach (Ahmad et al., 2010; Singh et 

al., 2015 and Verma et al., 2017) [1, 88, 101]. Additionally, Hong 

et al. (2017) [42] carried out an experiment on ten year old 

‘Abubai' peach and observed that injection fertilization with 

total amount of fertilizer treatment showed significantly 

higher soluble solid contents of single fruit compared with the 

radial ditch fertilizing with total amount of fertilizer 

treatment. However, Bussi et al. (1994) [18] carried out an 

experiment in peach orchards with different systems of 

fertilizers supplying as compared to ground applications of 

the same quantity of fertilizer and found that nitrogen 

fertigation in the form of NH4NO3 results in decreased total 

soluble solids of the fruits. Further, nitrogen fertigation has 

also shown non-significant effects on quality attributes of 

peach and cherry (Banyal et al., 2014 and Koumanov et al., 

2016) [6, 50]. 

Fertilizer application through fertigation improves water and 

nutrient availability in soil therefore, it is readily available to 

trees and facilitates positive effects on several aspects of fruit 

quality. The production of more photosynthates due to more 

number of leaves and leaf area besides enhanced 

physiological traits might have resulted in better transfer to 

the sink, the developing fruit, also, the involvement of 

potassium in carbohydrate synthesis, breakdown and 

translocation of starch, protein synthesis and neutralization of 

physiologically important organic acids, ultimately results in 

better quality traits. However, non-significant effects of 

fertigation recorded under various studies might be attributed 

to over fertilization of nitrogen to the tree (Albornoz, 2016) 
[2].  

 

Nutrient status of tree under NPK fertigation 
Leaf nutrient analysis is a common practice to provide a 

snapshot of nutrient status of tree at specific stages of tree 

growth. The nutrient concentration in leaves reflects the 

uptake of nutrients by the tree accurately. There are various 

studies suggesting the importance of leaf tissue indexing and 

fertigation responses in various stone fruit crops. Layne et al. 

(1996) [53] observed adequate to slightly excess range of most 

major elements in peach leaves cv. Harrow Beauty/Bailey 

during July-September. However, large and significant year 

effects was found on leaf nutrient concentrations using 

fertilizer with irrigation. 

Fertilization with urea under drip irrigation at specific timing 

plays significant role to improve leaf nutrient status of French 

prune tree (Southwick et al., 1999) [95]. Neilsen et al. (2004) 
[64] studied the effect of sprinkler-fertigation with N fertilizer 

on Lapins sweet cherry trees and found that leaf and fruit N 

increased linearly from low (42 mg per liter) to high (168 mg 

per liter) values of N fertilizer, whereas, sprinkler fertigation 

of phosphorus and potassium did not show increment in either 

leaf or in fruit nutrient concentration. Krige and Stassen 

(2008) [51] conducted an experiment on nectarine and revealed 

that nitrogen was most abundant in the roots during 

dormancy, but the leaves contained the most nitrogen at pit 

hardening and harvesting stage while the phosphorus levels in 

roots found highest throughout the experiment. The highest 

percentage of potassium was in the permanent structures 

above the ground during dormancy, in the leaves during pit-

hardening and in the fruit at harvest. Ahmad et al. (2010) [1] 

studied the effect of NPK through drip irrigation on sweet 
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cherry and found that these are responsible for increasing 

nitrogen, phosphorus and potassium contents in leaves. Raina 

et al. (2011) [71] and Singh et al. (2015) [88] reported 

significantly higher leaf nitrogen content with drip fertigation 

and different levels of nitrogen fertigation as compared to soil 

fertilization either under irrigated or rainfed conditions. On 

contrary, Michael et al. (1979) [58] documented no influence of 

fertigation on leaf nitrogen concentration of peach and plum 

trees as compared to conventional method of fertilization.  

The uptake of nutrient is affected by many factors in orchard 

and consequently every year nutrient status fluctuates slightly 

depending upon the season. However, for obtaining optimum 

yield, adequate nutrients level must be balanced in between 

soil and plant. The degree of variation of nutrient levels 

depends upon the ability of the tree to recycle or remobilize 

nutrients during the annual growth cycle. The higher leaf 

nutrient contents under drip fertigation may be attributed to 

the higher fertilizer use efficiency owing to its application in 

small amounts directly in the root zone coupled with less 

downward movement (Dong et al., 2005 and Raina et al., 

2011) [25, 71]. 

 

Water and fertilizer use efficiency under NPK fertigation 

Water and fertilizers are the two basic inputs in horticulture 

but their use efficiency is found to be low. Observation on 

these two inputs are one of the main objective in any 

fertigation experiment as it is very necessary for experiment 

economics. Several workers in recent past have found 

tangible results on water and fertilizer use efficiency in stone 

fruits. Bussi et al. (1994) [18] carried out an experiment in 

peach orchard with different systems of fertilizers supplying 

compared with ground application and revealed that the 

amounts of fertilizers injected through trickle irrigation 

should be modulated each year according to the expected 

productive capacity of the orchard as to improve the fertilizer 

use efficiency. Papadopoulos (1997) [68] reported that under 

fertigation, nutrient use efficiency can be increased by 

reduced fluctuations in salinity of soil solution due to 

application of fertilizers through fertigation, which improves 

soil solution conditions particularly in saline conditions. 

Hasan et al. (2004) [38] found that the fully automated 

fertigation system resulted in saving of water up to 40 per 

cent and fertilizer up to 30 per cent. Apparently, Raina et al. 

(2005) [72] conducted an experiment to investigate the effect of 

fertigation on fertilizer use efficiency of apricot with different 

levels of nitrogen (100, 80, 60 and 40 per cent of 

recommended dose) through drip fertigation compared with 

conventional methods and suggested that 40 per cent savings 

of nitrogenous fertilizer was found with drip fertigation. 

Similarly, Ahmad et al. (2010) [1] conducted an experiment on 

sweet cherry and found that as compared to full dose of NPK 

applied directly in the field, 1/3rd recommended dose of NPK 

applied through drip irrigation increases fertilizer use 

efficiency of the tree. Further, Hong et al. (2017) [42] carried 

out an experiment on ten year old Abubai peach grown under 

the field condition and found that water and fertilizer use 

efficiency significantly improved with injection fertilizing 

system. Verma et al. (2017) [101] conducted an experiment to 

study comparative performance of fertigation and 

conventional soil fertilization on five year old peach and 

observed that the maximum fertilizer use efficiency was 

achieved in 80 per cent of recommended dose of NPK 

through drip + drip irrigation at 100% crop evapotranspiration 

treatment combination. 

Water and nutrient use efficiency are major concern for 

sustainable horticultural production which is appreciably 

increased under drip fertigation (Alva, 2005 and Shirgure and 

Srivastava, 2014) [3, 84]. The improved results in relation to 

water and fertilizer use efficiency in stone fruits might be 

attributed to efficient utilization of water and nutrient during 

critical period of trees. However, Neilsen and Neilsen (2005) 
[63] found that under orchard conditions, many factors (time of 

application, quality and quantity) determine whether 

distribution of fertilizers and water given to the growing tree 

is sufficient or not, because source of these inputs may be 

natural or artificial.  

 
Table 1: Brief summary of work done on effects of NPK fertigation in stone fruits. 

 

Characters Fruits 
Fertigation 

treatments 
Conclusive findings References 

Growth 

Apricot N + P + K 
Higher annual shoot growth, tree height and canopy 

volume with 100% RD 
Raina et al. (2005) [72] 

Cherry 

N + P + K 
Vigorous growth with fertigation as compared to other 

means of fertilization 
Neilsen et al. (2007) [65] 

N + P + K 

Higher vegetative growth when fertigation applied after 

harvest or few weeks earlier to harvest and lower number 

of fruit nodes with 200 kg N per hactare 

Salgado et al. (2012) [77] 

Nectarine 
N + K Non-significant effects on vegetative growth Battilani, 1997 [9] 

N + P + K Increased vegetative growth attributes Singh et al. (2015) [88] 

Peach 

N Higher trunk circumference and weight of pruning wood Bussi et al. (1994) [18] 

N + K Larger TCSA with high frequency drip fertigation Layne et al. (1996) [53] 

N 
Higher shoot extension growth and tree spread with 2/3 

and full RD and non-significant effect on stem girth 
Banyal et al. (2014) [6] 

N + P + K 
Increased tree height, tree spread, trunk girth and annual 

shoot growth with 100% RD 
Verma et al. (2017) [101] 

Plum 

N Larger TCSA Southwick et al. (1999) [95] 

N + P + K 
Higher trunk circumference initially thereafter decreased 

with increased tree yield 
Rubauskis et al. (2003) [76] 

Fruit physical and 

Yield 

Apricot 

N + P + K 
Higher yield with 80% RD and non-significant effects on 

fruit weight and firmness 
Raina et al. (2005) [72] 

N + P + K Higher fruit weight and yield with 100% RD Raina et al. (2011) [71] 

N + P + K Increased fruit yield and higher leaf area Bybordi (2013) [19] 

Cherry 
N Increased yield and good fruit size Neilsen et al. (2004) [64] 

N + P + K More yield with fertigation as compared to other means of Neilsen et al. (2007) [65] 
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fertilization 

N + P + K 
More yield with fertigation as compared to other means of 

fertilization 
Ahmad et al. (2010) [1] 

N + P + K 
Optimum fruit size and firmness with both continuous and 

interrupted fertigation 
Koumanov et al. (2016) [50] 

Nectarine 
N + K 

Good yield and fruit weight in fertigation, however, non-

significant effects on number of fruit per tree 
Battilani, 1997 [9] 

N + P + K Higher fruit weight, length and breadth with 75% RD Singh et al. (2015) [88] 

Peach 

N Higher fruit weight and yield Bussi et al. (1994) [18] 

N + K Non-significant effect on yield Layne et al. (1996) [53] 

N + P + K Non-significant effects on fruit weight and size Fajt and Veberic (2002) [29] 

N 
Higher fruit yield, weight, length and diameter with 2/3 

and full RD 
Banyal et al. (2014) [6] 

N + P + K Higher fruit weight and yield Hong et al. (2017) [42] 

N + P + K 
Higher yield, fruit weight, length and volume with 100% 

RD 
Verma et al. (2017) [101] 

Plum 
N Higher dry yield and number of dry fruits Southwick et al. (1999) [95] 

N + P + K Good yield in fertigation Rubauskis et al. (2003) [76] 

Quality 

Apricot 
N + P + K Non-significant effects on TSS, acidity and total sugar Raina et al. (2005) [72] 

N + P + K Higher fruit TSS Bybordi (2013) [19] 

Cherry 

N + P + K Elevated fruit TSS Neilsen et al. (2007) [65] 

N + P + K Higher TSS and non-significant effect on acidity Ahmad et al. (2010) [1] 

N + P + K 
Optimum sugar, acidity and ascorbic acid contents both 

under continuous and interrupted fertigation 
Koumanov et al. (2016) [50] 

Nectarine N + P + K 
More TSS with 100% RD, whereas, more acidity and 

sugars with 75% RD 
Singh et al. (2015) [88] 

Peach 

N Decreased TSS Bussi et al. (1994) [18] 

N + P + K 
Non-significant effects on TSS, sugar and organic acid 

under fertigation 
Fajt and Veberic (2002) [29] 

N Non-significant effect on TSS Banyal et al. (2014) [6] 

N + P + K Higher TSS Hong et al. (2017) [42] 

N + P + K 
Higher TSS, total and reducing sugars and lower acidity 

with 100% RD 
Verma et al. (2017) [101] 

Nutrient Status 

Apricot N + P + K Higher leaf N, P and K with 100% RD Raina et al. (2011) [71] 

Cherry 

N 
Higher leaf and fruit N with sprinkler fertigation, 

whereas, non-significant effects on P and K contents 
Neilsen et al. (2004) [64] 

N + P + K 
Higher leaf N with 2/3 RD, whereas, higher P and K with 

full RD 
Ahmad et al. (2010) [1] 

Nectarine N + P + K More leaf N, P and K with 100% RD Singh et al. (2015) [88] 

Peach N + K 
Higher leaf N, whereas, non-significant effect on K 

content 
Layne et al. (1996) [53] 

Plum N Higher leaf N through fertigation than control Southwick et al. (1999) [95] 

Water and Fertilizer 

use efficiency 

Apricot 
N + P + K Higher fertilizer use efficiency Raina et al. (2005) [72] 

N + P + K Higher water and fertilizer use efficiency Bybordi (2013) [19] 

Cherry N + P + K Higher fertilizer use efficiency Ahmad et al. (2010) [1] 

Nectarine N + P + K Higher fertilizer use efficiency Singh et al. (2015) [88] 

Peach 

N + P + K Higher water and fertilizer use efficiency Hasan et al. (2004) [38] 

N Higher fertilizer use efficiency with 1/3 RD Banyal et al. (2014) [6] 

N + P + K Higher water and fertilizer use efficiency Hong et al. (2017) [42] 

N + P + K Higher fertilizer use efficiency with 80% RD Verma et al. (2017) [101] 

(Abbreviations; N= nitrogen, P= phosphorus, K= potassium, RD= recommended dose, TCSA= trunk cross sectional area, TSS= total soluble 

solids) 

 

Conclusion 

Stone fruit plantation have now attained a status worldwide 

and contributing significant account in economic development 

of any country by providing employments to many peoples in 

various aspects right from planting to harvesting and lowering 

the pressure on other major fruits. Fertigation in stone fruits 

have facilitated many advantages, however, there are some 

constraints in adopting the technology for sustainable 

production of these crops. The poor adoption can be attributed 

to number of factors such as huge initial investment, non-

availability of water soluble fertilizer at reasonable price in 

remote or hilly areas. Lack of efficient and improved water 

and fertilizer management practices are some of the main 

issues contributing low production of stone fruits, the reason 

behind inefficient utilization of water and nutrient by the trees 

in conventional methods of application. Fertigation holds a 

great potential since it effects and improves the growth, yield 

and quality parameters of the stone fruits. Thus, stone fruit 

orchardists are encouraged to implement such a scientific and 

judicious water and fertilizer saving technology than 

conventional methods. Considering the limited potential of 

resources (water and fertilizers), it has become essential to 

adopt such technologies so as to avoid the demand and stress 

in the future. Therefore, fertigation practice becomes efficient 

tool for increasing the production and productivity of the 

stone fruits and proved beyond doubt about its utility to fruit 

cultivation. 
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