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Abstract: The five cultivars of kiwifruit viz., Allison, Hayward, Abbott, Monty and Bruno during the years 2011 and 
2012 in the Department of Fruit Science, Dr. Y. S. Parmar University of Horticulture and Forestry, Solan, Himachal 
Pradesh, India. Two irrigation treatments i.e. standard irrigation (at 80% field capacity) and deficit irrigation (at 60 % 
F C) were applied to these cultivars from March to October with three replications in Randomized Block Design 
(RBD). The leaf nutrient content (%) and frequency of irrigation (irrigation interval in days) were investigated in ki-
wifruit in response to these irrigation treatments. The leaf nitrogen (N), phosphorus (P), Potassium (K), Calcium (Ca) 
and Magnesium (Mg) contents varied with cultivars under two irrigation regimes. The leaf N content and Ca content 
(%) was observed highest in cultivar Monty; P content in Allison; K content in Hayward; Mg content (%) in Abbott 
and Monty under standard irrigation treatment. These nutrient contents reduced significantly at 0.05 % level of sig-
nificance with deficit irrigation treatment in different cultivars. The % reduction in these nutrients with deficit irrigation 
treatment was found to be highest in cultivar Hayward and the least in Bruno. The total number of irrigation applied 
under standard and deficit irrigation were 16 and 10 respectively, during both the years. The response of Bruno culti-
var in terms of leaf nutrient content under water deficit condition is much better in comparison to all other cultivars. 
Bruno is considered to be drought tolerant cultivar and Hayward to be drought sensitive. Thus, the Bruno cultivar 
should be preferred for cultivation in water scarce regions. 
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INTRODUCTION 

The kiwifruit or Chinese gooseberry (Actinidia deli-

ciosa Chev.) is a deciduous fruit vine, native to Yang-

tze valley of south and central China (Ferguson, 1984). 

In India, it can be grown successfully in areas experi-

encing 700-800 chilling hours (no. of hours during 

which temperature remains at or below 70 C during the 

winter season) and situated at elevation of 800-1500 m 

above mean sea level where, the winters are cold and 

summers are warm and humid, and receive well dis-

tributed annual rainfall of about 150 cm (Anonymous, 

2005). The economic returns from kiwifruit depend 

strongly on fruit size, which are in turn directly affect-

ed by availability of water (Miller et al., 1998). Ki-

wifruit requires very frequent irrigation to sustain an 

adequate plant water status because of its low stomatal 

regulation (Beutel, 1990). The deficit irrigation reduc-

es the transport of mineral ions through soil to the 

roots and through the plants. The demand for minerals 

by shoots and roots get changed as a result of drought 

stress.  Drought stress modifies the uptake of mineral 

ions by the roots and the deficiencies or accumulation 

of ions resulted in disruption of metabolism in plants. 

During drought, the growth rate may be reduced to the 

extent, so that plant mineral content may be relatively 

stable (Blum, 2011).  

Nitrogen metabolism is the most important factor that 

influences plant growth and performance. Disruption 

in N- metabolism is a crucial in-plant injury under the 

water deficit conditions. The reduction of nitrate up-

take and decrease in nitrate reductase activity under 

water stress (Seyed et al., 2012).  Phosphorus is a ma-

jor essential element for plants and deficiency of this 

nutrient primarily reduces CO2 assimilation in leaf 

photosynthesis (Jacob and Lawlor, 1992). The reduc-

tion in biomass production in the source leaves affects 

growth of the plant (De Groot et al., 2001).  The de-

crease in leaf number and size is one of the earliest and 

most reliable responses of P‐deficiency on the plant 

(Lynch et al., 1991). Leaf expansion occurs due to cell 

multiplication and elongation of the newly formed 
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cells in plants and turgor pressure is a crucial factor for 

cell expansion (Munns et al., 2000). The decrease in 

hydraulic conductivity of the root and stomatal con-

ductance of the leaf, resulting in a severe reduction of 

leaf expansion under P‐deficiency, was also found to 

be similar to the response of nitrogen stress (Clarkson 

et al., 2000). During drought, the phosphate ion is like-

ly to be unavailable to plants as it is tightly absorbed 

onto clay particles, thus only a small proportion of 

total soil phosphate is available in soil solution. The 

diffusion coefficient is 104 to 107 times lower than that 

of potassium, nitrate and ammonium. Potassium (K) is 

an essential nutrient that affects most of the biochemi-

cal and physiological processes that influence plant 

growth and metabolism. It also contributes to the sur-

vival of plants exposed to various biotic and abiotic 

stresses (Min et al., 2013). Potassium plays a crucial 

role in turgor regulation within the guard cells during 

stomatal movement (Marschner, 2012). K is an essen-

tial nutrient and is also the most abundant cation in 

plants. The concentration of K+ in the cytoplasm has 

consistently been found to be between 100 and 200 

mM (Shabala and Pottosin, 2010), and apoplastic 

K+concentration may vary between 10 and 200 or even 

reach up to 500 mM (White and Karley, 2010). K 

plays essential roles in enzyme activation, protein syn-

thesis, photosynthesis, osmoregulation, stomatal move-

ment, energy transfer, phloem transport, cation-anion 

balance and stress resistance ( Marschner, 2012).  The 

low plant K status induces the synthesis of molecules, 

including reactive oxygen species (ROS) and phyto-

hormones, such as auxin, ethylene and jasmonic acid 

(JA), as a result of its enhanced plant stress tolerance 

(Amtmann et al., 2008). 

Water stress also affects plant mineral nutrition and 

disrupts ion homeostasis. Calcium  plays an essential 

role in structural and func tional integrity of plant 

membrane and other structures. Decrease in plant 

Ca2+ content was reported in many plants, for exam-

ple, approximately 50% decrease in Ca2+ in drought 

stressed maize leaves, while in roots Ca2+ concentra-

tion was higher compared to control (Seyed et al., 

2012).  

MATERIALS AND METHODS 

The present investigation was carried out in the De-

partment of Fruit Science, Dr. Y. S. Parmar University 

of Horticulture and Forestry, Solan, HP, India during 

the years 2011 and 2012. Twenty five year old uni-

form vines of kiwifruit twenty five-year-old uniform 

vines of five different kiwifruit cultivars viz., Allison, 

Abbott, Monty, Hayward and Bruno were selected. 

These vines were planted at 6x4 m spacing and trained 

on T-bar system. The vines of five cultivars were sub-

jected to two irrigation levels viz., irrigation at 80 % 

Field Capacity (T1), 60 % FC (T2) with four replica-

tions, in Randomized Block Design. The irrigation 

treatments were applied to these plants from March to 

October and the mulching was applied in mid- March. 

The statistical analysis of the data was carried out as 

per method described by Gomez and Gomez (1984). 

The significance of different treatment’s effect was 

tested at 5 % level of significance as suggested by 

Cochran and Cox (1963).  

The various parameters were observed by following 

the procedure mentioned below:  

Leaf nutrient content: For estimation of leaf nutrient 

status of experimental trees, mature leaves with peti-

oles were sampled in mid- August from middle portion 

of the current season’s shoot, all around the periphery 

of the vine (Chapman, 1964). The samples were pro-

cessed for nutrient analysis as per procedure outlined 

by Kenworthy (1964). Leaf samples were collected, 

brought directly to the laboratory, thoroughly washed 

by 0.1 N HCl, distilled water and finally with double 

distilled water. The washed samples were air dried in 

the shade by spreading on clean blotting papers and 

then dried in an oven at 650C for 48 hours. The dried 

samples were ground and stored in butter paper bags 

for chemical analysis. 

Digestion of leaf samples: For estimation of nitrogen, 

the digestion of one gram dried leaf samples was car-

ried out in concentrated sulphuric acid in the presence 

of a digestion mixture of following chemicals: 

Potassium sulphate (K2SO4)    :  400 parts 

Copper sulphate (CuSO4          :        20 parts 

Mercuric oxide (HgO)              :    3 parts 

Selenium (Se) powder              :    1 part 

For the estimation of other elements, the samples were 

digested in di-acid mixture prepared by mixing nitric 

acid and perchloric (HClO₄) acid in the ratio of 4:1, 

taking all relevant precautions as suggested by Piper 

(1966). 

Estimation of leaf nutrients: After digestion, nitrogen 

was estimated by Micro-kjeldahl method (A.O. A. C., 

1980). Twenty five millilitres of 4 % boric acid solu-

tion containing mixed indicator (bromocresol green + 

methyl red) was taken in a conical flask and was 

placed in such a way that condenser outlet of distilla-

tion apparatus was dipped into boric acid solution. 

Then 10 ml of the aliquot (digested) was taken and 

transferred to distillation flask of Micro-kjeldahl distil-

lation apparatus. After adding the aliquot, the funnel of 

the apparatus was washed with 2-3 ml of distilled wa-

ter and ten ml of 40 % sodium hydroxide was added. 

Ammonia (NH3) thus liberated was absorbed into the 

boric acid in conical flask. After completion of distilla-

tion, boric acid solution was titrated against standard 

sulphuric acid solution and nitrogen content was calcu-

lated on the basis of sulphuric acid solution used to 

neutralize the evolved ammonia and expressed in per-

centage on the dry weight basis. 

Total phosphorus was determined by Vanado- Molyb-

date- Phosphoric Yellow colour Method (Jackson, 
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1973). Five millilitres aliquot (digested) was pippetted 

out into 25 ml volumetric flask and 5 ml of vanadomo-

lybdate reagent was added. Then solution was diluted 

to 25 ml with distilled water and allowed to develop 

colour for half an hour. After development of colour, 

absorbance was recorded on Thermo Spectronic-20 D 

at 470nm wavelength and a blank was run simultane-

ously to adjust the zero absorbance. Phosphorus con-

tent was then calculated from standard curve of phos-

phorus and expressed in % on dry weight basis. 

Potassium, calcium and magnesium in the leaf extract 

were estimated on Perkins Elmen Atomic Absorption 

Spectrophotometer and expressed in percentage. 

Frequency and number of irrigation: Frequency of 

the irrigation applied under different treatments was 

calculated by counting the number of days between 

two consecutive irrigations. The number of irrigations 

applied under these treatments over the growing period 

was calculated during both the year of study. 

RESULTS AND DISCUSSION 

Leaf nutrient content 

Nitrogen: The leaf nitrogen content of kiwifruit vines 

was influenced significantly when subjected to differ-

ent irrigation regimes during both the years (Table 1). 

The average leaf nitrogen content of different cultivars 

was reduced from 2.61 % to 2.54 % and 2.62 % to 2.56 

% under control and water stress treatment respective-

ly, during the year 2011 and 2012. Among different 

cultivars the leaf nitrogen content under two water 

regimes was significantly variable during both the 

years of study. In cultivar Monty, significantly higher 

leaf nitrogen content (3.08 and 3.07 % in 2011 and 

2012, respectively) was recorded in the respective 

years whereas, the least was observed in cultivar Alli-

son (2.13 and 2.15 % in 2011 and 2012, respectively). 

Similarly, pooled data revealed that leaf nitrogen con-

tent was significantly higher in cultivar Monty (3.08%) 

compared to the remaining four cultivars and signifi-

cantly least (2.14%) in cultivar Allison at 0.05 % level 

of significance. 
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Fig. 1. % reduction in nitrogen content of different cultivars 

of kiwifruit at irrigation at 60 % FC over 80 % FC. 

Fig. 2. % reduction in phosphorus content of different culti-

vars of kiwifruit at irrigation at 60 % FC over 80 % FC. 

Fig. 3. % reduction in potassium content of different culti-

vars of kiwifruit at irrigation at 60 % FC over 80 % FC. 

Fig. 4. % reduction in calcium content of different cultivars 

of kiwifruit at irrigation at 60 % FC over 80 % FC. 

Fig. 5 % reduction in magnesium content of different culti-

vars of kiwifruit at irrigation at 60 % FC over 80 % FC. 
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It is revealed from the Figure 1 that % decrease in leaf 

nitrogen content as a result of deficit irrigation treat-

ment was higher in cultivar Hayward (3.45 % increase 

over the control), while the reduction in nitrogen con-

tent was the least in cultivar Bruno (2.03 %), followed 

by the cultivar Allison.   

The interaction effect of cultivars and irrigation levels 

on the leaf nitrogen content was also significant. The 

cultivar Monty had significantly higher leaf nitrogen 

content when irrigated at 80 % of field capacity (3.11 

and 3.12 % during 2011 and 2012 respectively) than 

all other cultivars and irrigation treatment combina-

tions, in the respective years. However, the leaf nitro-

gen content was significantly lowest (2.09 and 2.13 % 

during 2011 and 2012 respectively) in the cultivar Alli-

son when irrigated at 60 % of field capacity, among all 

other treatment combinations. Similarly, pooled data 

revealed that leaf nitrogen content was significantly 

higher in cultivar Monty (3.12 %) under control than 

all other cultivars irrespective of irrigation treatments 

and significantly least in cultivar Allison (2.11 %) un-

der deficit irrigation condition. 

Phosphorus: The leaf phosphorus content of kiwifruit 

vines was affected significantly by different irrigation 

levels during both the years of study (Table 2).  During 

the year 2011, the average leaf phosphorus content of 

different cultivars was reduced from 0.15 % under con-

trol to 0.10 % under deficit irrigation. In the next year, 
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Table 1. Effect of different irrigation levels on leaf nitrogen content (%) of kiwifruit cultivars. 

 

Cultivars 
2011  

Mean 
2012  

Mean 
Pooled  

Mean Irrigation treatments Irrigation treatments Irrigation treatments 
80 % FC 60 % FC 80 % FC 60 % FC 80 % FC 60 % FC 

Allison 2.16 2.09 2.13 2.17 2.13 2.15 2.17 2.11 2.14 
Hayward 2.89 2.77 2.83 2.90 2.82 2.86 2.90 2.80 2.85 
Abbott 2.70 2.62 2.66 2.71 2.63 2.67 2.71 2.63 2.67 
Monty 3.11 3.05 3.08 3.12 3.02 3.07 3.12 3.04 3.08 
Bruno 2.21 2.16 2.19 2.22 2.18 2.20 2.22 2.17 2.19 
Mean 2.61 2.54   2.62 2.56   2.62 2.55   
CD0.05 2011 2012 Pooled           
Irrigation treatments (I) 0.01 0.01 0.01           
Cultivars (C) 0.01 0.02 0.01           
Irrigation treatments X 

Cultivars (I X C) 
0.01 0.02 0.01           

Table 2. Effect of different irrigation levels on leaf phosphorus content (%) of kiwifruit cultivars. 

 

Cultivars 
2011  

Mean 
2012  

Mean 
Pooled  

Mean Irrigation treatments Irrigation treatments Irrigation treatments 
80 % FC 60 % FC 80 % FC 60 % FC 80 % FC 60 % FC 

Allison 0.17 0.13 0.15 0.18 0.14 0.16 0.18 0.14 0.16 
Hayward 0.14 0.06 0.10 0.15 0.07 0.11 0.15 0.07 0.11 
Abbott 0.15 0.09 0.12 0.16 0.10 0.13 0.16 0.10 0.13 
Monty 0.13 0.08 0.11 0.14 0.09 0.12 0.14 0.09 0.12 
Bruno 0.16 0.14 0.15 0.17 0.15 0.16 0.17 0.15 0.16 
Mean 0.15 0.10   0.16 0.11   0.16 0.11   
CD0.05 2011 2012 Pooled           
Irrigation treatments (I) 0.01 0.01 0.01           
Cultivars (C) 0.01 0.01 0.01           
Irrigation treatments X 

Cultivars (I X C) 
0.01 0.02 0.01           

Table 3. Effect of different irrigation levels on leaf potassium content (%) of kiwifruit cultivars. 

 

Cultivars 
2011  

Mean 
2012  

Mean 
Pooled  

Mean Irrigation treatments Irrigation treatments Irrigation treatments 
80 % FC 60 % FC 80 % FC 60 % FC 80 % FC 60 % FC 

Allison 2.45 2.36 2.41 2.43 2.34 2.39 2.44 2.36 2.40 
Hayward 2.50 2.35 2.43 2.49 2.32 2.41 2.50 2.34 2.42 
Abbott 2.37 2.29 2.33 2.36 2.26 2.31 2.37 2.28 2.32 
Monty 2.16 2.06 2.11 2.15 2.00 2.08 2.16 2.03 2.10 
Bruno 2.03 1.97 2.00 2.02 1.95 1.99 2.03 1.96 2.00 
Mean 2.30 2.21   2.29 2.17   2.30 2.19   
CD0.05 2011 2012 Pooled           
Irrigation treatments (I) 0.01 0.01 0.01           
Cultivars (C) 0.01 0.02 0.01           
Irrigation treatments X 

Cultivars (I X C) 
0.02 0.02 0.02           
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again leaf phosphorus content decreased significantly 

to 0.11 % under water stress treatment compared to 

0.16 % in control. The pooled data also revealed that 

the leaf phosphorus content decreased significantly 

with deficit irrigation in comparison to control. 

Leaf phosphorus content of different cultivars main-

tained under different soil water regimes also varied 

significantly. During the year 2011, significantly high-

est leaf phosphorus content (0.15 %) was recorded 

jointly in cultivars Bruno and Allison, among all the 

cultivars. During the year 2012, again uppermost level 

of the leaf phosphorus (0.16%) was noticed in these 

two cultivars, which was significantly higher as com-

pared to the remaining cultivars. However, during both 

the years, the phosphorus content was observed to be 

significantly lower (0.10 and 0.11 % in 2011 and 

2012, respectively) in cultivar Hayward as compared 

to the remaining cultivars, except, Monty. Likewise, 
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Cultivars 
2011  

Mean 
2012  

Mean 
Pooled  

Mean Irrigation treatments Irrigation treatments Irrigation treatments 
80 % FC 60 % FC 80 % FC 60 % FC 80 % FC 60 % FC 

Allison 3.90 3.84 3.87 3.91 3.82 3.87 3.91 3.84 3.87 
Hayward 3.82 3.72 3.77 3.83 3.71 3.77 3.83 3.72 3.77 
Abbott 3.75 3.69 3.72 3.76 3.65 3.71 3.76 3.67 3.72 
Monty 4.23 4.12 4.18 4.24 4.15 4.20 4.24 4.14 4.19 
Bruno 3.78 3.76 3.77 3.79 3.75 3.77 3.79 3.76 3.77 
Mean 3.90 3.83   3.90 3.82   3.90 3.83   
CD0.05 2011 2012 Pooled           
Irrigation treatments (I) 0.01 0.01 0.01           
Cultivars (C) 0.01 0.01 0.01           
Irrigation treatments X 

Cultivars (I X C) 
0.02 0.01 0.01           

Table 4. Effect of different irrigation levels on leaf calcium content (%) of kiwifruit cultivars. 

Table 5. Effect of different irrigation levels on leaf magnesium content (%) of kiwifruit cultivars. 

Cultivars 2011 Mean 2012 Mean Pooled Mean 
Irrigation treatments Irrigation treatments Irrigation treatments 
80 % FC 60 % FC 80 % FC 60 % FC 80 % FC 60 % FC 

Allison 0.37 0.34 0.36 0.38 0.35 0.37 0.38 0.35 0.36 
Hayward 0.36 0.30 0.33 0.37 0.31 0.34 0.37 0.31 0.34 
Abbott 0.38 0.32 0.35 0.39 0.34 0.37 0.40 0.33 0.36 
Monty 0.39 0.35 0.37 0.40 0.36 0.38 0.40 0.36 0.38 
Bruno 0.35 0.33 0.34 0.36 0.34 0.35 0.36 0.34 0.35 
Mean 0.37 0.33   0.38 0.34   0.38 0.34   
CD0.05 2011 2012 Pooled           
Irrigation treatments (I) 0.01 0.01 0.01           
Cultivars (C) 0.01 0.01 0.01           
Irrigation treatments X 

Cultivars (I X C) 
0.02 0.02 0.01           

Table 6.  Dates on which irrigation was given to kiwifruit vines under different levels of irrigations (2011). 

Irrigation levels 
Irrigation at 80 % FC Irrigation at 60 % FC 

Date of irrigation Interval (days) Date of irrigation Interval (days) 
15.03.2011 
22.03.2011 
29.03.2011 
05.04.2011 
19.04.2011 
03.05.2011 
17.05.2011 
31.05.2011 
14.06.2011 
28.06.2011 
26.07.2011 
16.08.2011 
06.09.2011 
27.09.2011 
11.10.2011 
18.10.2011 
16 

- 
7 
7 
7 

14 
14 
14 
14 
14 
14 
28 
21 
21 
21 
14 
7 

15.03.2011 
25.03.2011 
12.04.2011 
10.05.2011 
24.05.2011 
21.06.2011 
30.07.2011 
12.08.2011 
14.09.2011 
11.10.2011 

- 
10 
18 
28 
14 
28 
39 
13 
33 
27 

10 
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pooled data revealed that leaf phosphorus content was 

significantly highest (0.16%) jointly in cultivars Bruno 

and Allison compared to the remaining cultivars and 

the significantly lower in cultivar Hayward in com-

pared to the remaining cultivars except, Monty. 

It is revealed from the Fig. 2 that the % reduction in 

leaf phosphorus content due to the deficit irrigation 

(irrigation at 60 % FC) was more in cultivar Hayward 

(55.2%) over the control and the least in cultivar Bru-

no (12.2 %), followed by the cultivar Allison (22.9).   

Potassium: It is evident from the data (Table 3) that 

leaf potassium content was influenced significantly by 

different irrigation levels during both the years of 

study.  Leaf potassium content decreased significantly 

when the vines were subjected to water stress by ap-

plying deficit irrigation at 60 % of field capacity. Dur-

ing the year 2011, the average leaf potassium content 

of different cultivars was decreased significantly from 

2.30 % under irrigation at 80 % of field capacity to 

2.21 % under irrigation at 60 % of field capacity. Sim-

ilarly, leaf potassium content decreased significantly 

from 2.29 % in control to 2.17 % under water stress 

treatment, in the year 2012 at 0.05 % level of signifi-

cance. The pooled data also revealed that the leaf po-

tassium content decreased significantly following defi-

cit irrigation (2.30%) in comparison to control 

(2.19%). Leaf potassium content of kiwifruit cultivars 

differed significantly when their vines were main-

tained under two different water regimes, during both 

the years of study. The leaf potassium content of culti-

var Hayward was significantly higher (2.43 and 2.41% 

in 2011 and 2012, respectively) than all other cultivars 

except, “Allison” in 2012. However, the leaf potassi-

um content was significantly lowest (2.0 and 1.99 % in 

2011 and 2012, respectively) in cultivar Bruno, among 

all other cultivars. Similarly, pooled data revealed that 

leaf potassium content was significantly higher in cul-

tivar Hayward than all other cultivars and significantly 

least in cultivar Bruno. 

The % decrease in leaf potassium level due to deficit 

irrigation was more in cultivar Hayward (6.40 %) over 

the control, while the decrease in leaf potassium con-

tent due to deficit irrigation over irrigation at 80 % of 

FC was the least (3.23 %) in cultivar Bruno (Fig. 3).  

Calcium: The leaf calcium contents of kiwifruit culti-

vars were influenced significantly by different irriga-

tion levels (Table 4). The leaf calcium content de-

creased with the deficit irrigation treatment compared 

with regular irrigation (control). During the year 2011, 

the average leaf calcium content of different cultivars 

was decreased significantly from 3.90 % under irriga-

tion at 80 % of field capacity to 3.83 % under irrigation 

at 60 % of field capacity. Similarly in the year 2012, 

leaf calcium content decreased significantly from 3.90 

% in control to 3.82 % under water stress treatment. 

The pooled data also revealed that the calcium content 

decreased significantly following deficit irrigation 

(3.83%) in comparison to control (3.90%). Leaf calci-

um content of kiwifruit cultivars under two water re-

gimes differed significantly, during both the years of 

study. Average leaf calcium content of the cultivar 

Monty (4.18 and 4.20 % in 2011 and 2012, respective-

ly) was significantly higher than all other cultivars. 

However, the level of leaf calcium was significantly 

lowest (3.72 and 3.71 % in 2011 and 2012, respective-

ly) in cultivar Abbott, among all other cultivars. It is 

revealed from the Figure 4 that the % decrease in the 

leaf calcium level as a result of deficit irrigation treat-

ment was more pronounced in cultivar Hayward (2.81 

%), while the reduction in calcium content due to defi-

cit irrigation was the least in cultivar Bruno (0.73 %).  

Magnesium: The perusal of the data (Table 5) reveals 

that the leaf magnesium content of kiwifruit cultivars 

was affected significantly by deficit irrigation in com-
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Table 7. Dates on which irrigation was given to kiwifruit vines under different levels of irrigations (2012). 

Irrigation levels 
Irrigation at 80 % FC Irrigation at 60 % FC 

Date of irrigation Interval (days) Date of irrigation Interval (days) 
14.03.2012 
20.03.2012 
27.03.2012 
04.04.2012 
18.04.2012 
02.05.2012 
16.05.2012 
12.06.2012 
25.06.2012 
13.07.2012 
28.07.2012 
14.08.2012 
14.09.2012 
25.09.2012 
08.10.2012 
19.10.2012 
16 

- 
6 
7 
8 

14 
14 
14 
27 
13 
18 
15 
17 
31 
11 
13 
11 

14.03.2012 
23.03.2012 
11.04.2012 
07.05.2012 
23.05.2012 
21.06.2012 
1.08.2012 

11.08.2012 
14.09.2012 
10.10.2012 
  10 

- 
9 

19 
26 
16 
29 
41 
10 
34 
26 
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parison to control. The average leaf magnesium con-

tent of different cultivars was reduced from 0.37 % 

under regular irrigation to 0.33 % under deficit irriga-

tion treatment, during the year 2011. In the next year, 

again the water stress treatment decreased the leaf 

magnesium content significantly (0.38 %) as compared 

to control (0.34 %). Different cultivars varied signifi-

cantly with respect to leaf magnesium content under 

two water regimes. In both the years, leaf magnesium 

content was recorded significantly higher in cultivar 

Monty (0.37 and 0.38 % in 2011 and 2012, respective-

ly) which was however, statistically at par with 

“Allison” and “Abbott”. However, magnesium content 

was observed lowest (0.33 and 0.34 % in 2011 and 

2012, respectively) in cultivar Hayward, which was 

however, statistically at par with “Bruno” and 

“Abbott” in 2011 and “Bruno” in 2012. Likewise, 

pooled data revealed that leaf magnesium content was 

significantly highest in cultivar Monty. Its average 

value was observed least in cultivar Hayward, which 

was however, statistically at par with “Bruno”. It is 

evident from the Figure 5 that the % reduction in leaf 

magnesium content due to the deficit irrigation treat-

ment was highest in cultivar Hayward (16.2%), and the 

least in cultivar Bruno (5.6 % over the control ).   

It is clear from this investigation that the leaf nutrient 

contents were greatly variable among the different 

kiwifruit cultivars irrespective of soil moisture regime. 

The decrease in soil moisture decreased the level of 

leaf nutrients by affecting the concentrations of ele-

ments in soil solution, nutrient uptake and transloca-

tion (Rimski- Korsakov et al., 2009; Salisbury and 

Ross, 1992). These findings are in conformity with 

those of Sanjeev (2006) in pear rootstocks and Sha-

heen et al., (2011) in olives, as they also observed that 

water stress decreased the leaf nutrient levels, which 

was however, more marked in drought sensitive plants. 

The decrease in leaf magnesium content in response to 

drought stress is in line with the findings of Romero et 

al. (2006) in Clemenules mandarine.  

Frequency and number of irrigation: The data per-

taining to the frequency and number of irrigations ap-

plied at 80 % and 60 % FC are presented in Table 6 

and Table 7. During the year 2011, the first irrigation 

was applied to all of the experimental vines on 15th 

March (Table 6). The interval between first and second 

irrigation was 7 and 10 days in the irrigation treatment 

given at 80 % and 60 % FC, respectively. The irriga-

tion intervals in the month of April, May, June and 

July however, varied from 14 to 21 and 14 to 28 days 

under the irrigation treatments given at 80 % and 60 % 

FC, respectively. During 2012, the first irrigation was 

applied on 14th March and the interval between first 

and second irrigation was 6 and 9 days under the irri-

gation treatments given at 80 % and 60 % FC, respec-

tively (Table 7). In the months of March and April, the 

irrigation intervals under the treatments applied at 80 

% and 60 % FC varied from 6 to 14 and 9 to 19 days, 

respectively.  Thereafter from May to July, irrigation 

intervals varied from 14 to 18 and 26 to 29 days, re-

spectively under the irrigation treatments applied at 80 

% and 60 % FC. In the month of August, intervals 

between subsequent irrigations increased to 17 and 41 

days under irrigation treatments given at 80 % and 60 

% FC, respectively. During the course of study in 2011 

and 2012, in all the cultivars the total number of irriga-

tions applied under irrigation treatments given at 80 % 

and 60 % FC were 16 and 10, respectively.  

Conclusion 

The present study suggests that the kiwifruit leaf N, P, 

K, Ca and Mg contents varied with cultivars under two 

irrigation regimes. These nutrient contents reduced 

significantly with deficit irrigation treatment in differ-

ent cultivars, and the % reduction in these nutrients 

was found to be highest in Hayward and the least in 

Bruno. The total number of irrigation applied under 

standard and deficit irrigation was 16 and 10 respec-

tively, during both the years. Thus, the cultivar Bruno 

exhibited better adaptability to water scarce condition 

than the other mentioned cultivars. 
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