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Abstract       The kiwifruit, also known as the ‘Chinese gooseberry’ or simply 
‘kiwi’ in many parts of the world, is the edible berry of the woody vine Actinidia 
deliciosa which can also grow in the peach-producing area of Romania. After 
the propagation of the kiwi plant by softwood or hardwood cuttings, the 
resulting young plants must grow fast and easy for subsequent field planting. 
In 2009, a bi-factor (A factor - cultivar, B factor- nutrient solution used) 
experimental study was conducted at U.S.A.M.V’s Greenhouse in Bucharest. 
The main objectives were to find out the best type of nutrient solution that 
would shorten the time needed to get container-grown plants ready for 
transfer to the fields and to study the impact of nutrient solution treatment on 
the rooted cuttings of Actinidia deliciosa. Four varieties have been used as 
biological testing material: the Hayward, Katiuscia, Tomuri and AD 20 
varieties, which are the ‘direct descendants’ of cultivars and hybrids from the 
kiwi plant collection of the Faculty of Horticulture.  The substrate on which kiwi 
plant container cultivars developed consisted of 50% manure, 20% peat, 20% 
fallow soil and 10% sand. Every 20 days, two fertilizers with different macro- 
and micronutrient content were applied onto the substrate. Their building-up 
into the kiwi plants was monitored through determinations of total N, P and K 
forms and dry matter content. During the vegetation period, agrochemical 
determinations of the pH, total soluble salts content, N-NH4

+
, N-NO3

-
, PO4

3-
 

and K
+
 were made and the output was correlated with the NPK plant uptake. 

The application of nutrient fertilizers on the kiwi cultivars generated major 
differences. The nutrient solutions and their fertilizing impact on the nutrient 
elements (total N, P, K forms) accumulating in the kiwi plant leaves varied 
according to the cultivar or hybrid grown. Hayward cultivar control (unfertilized 
variant) shows a 2.83% N content. The total nitrogen content of variants 
fertilized (by nutrient solutions type 1 and 2) was lower during control than 
that of the unfertilized variant, namely of 2.54% and 2.68% N respectively. 
The AD 20 Hybrid witnessed a variable total P content in leaves between 0.65 
and 0.73%. In all three variants (unfertilized, solution 1 and solution 2 
applied), the Katiuscia cultivar showed very similar values, namely of 1.92%, 
2.04% and 2.09% N in leaves, with no significant differences as to the 
fertilizer applied. The total K content of kiwi leaves, regardless of the cultivar 
or hybrid and nutrient solution applied, ranged between 2.15% and maximum 
2.90%, which values are close to the 2.65%-2.75% K limits defined in the 
reference literature.   
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Actinidia deliciosa is a vertical woody vine (liana) 

bearing perennial canes of various lengths without any 

support tissue. Its leaves are complete and of various 

shapes and sizes, from cordate-base oval to nearly 

circular, with or without mucrones, according to the 

type of cultivar. Actinidia deliciosa is a dioecious 

unisexual plant, i.e. has separate pistiliferous flowers 

(female) and staminiferous flower (male) plants ( 

Ferguson, A.R. 2011). Flowers appear first to be rather 

hermaphrodite, but one of its sexual organs is actually 

sterile. Cultivars with fertile flowers and pollen have 

been found of late. Fruits resulting from entomophilic 

pollination are berries of various shapes according to 

variety. They may be brown-colored and covered or not 

in stiff fine hairs. The perfumed and sweet sour kiwi 

flesh may have different colours from bright green to 
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red. Due to its many benefits, Actinidia deliciosa 

succeeded in getting a ‘competitive edge’ over other 

exotic fruits and in conquering new lands, regions and 

fans. Fruits can be eaten fresh or stored up to 6 months. 

Kiwi fruits are called ‘Natural Health Capsules’ due to 

their Vitamin C content equalling that of 5 lemon and 2 

orange fruits. As much as for other fruit-bearing 

varieties, asexual propagation methods are also used 

for Actinidia in order to maintain its cultivar identity, 

such as potting, grafting and micro-propagation. 

(Patterson, K.J. and Currie, M.B. 2011). Due to the 

quite large area occupied by this plant type and to the 

various geographical and weather conditions in the 

areas of origin, these plants have a good capacity to 

adapt. Actinidia deliciosa has been often associated to 

the peach in terms of growing area and soil 

requirements since it is more demanding than the grape 

vine. Its growing area is limited to a land strip with the 

latitude coordinates 34° to 46° North and 30° to 42° 

South. Our country, as already shown above, is located 

on the northern border of the Actinidia deliciosa 

growing area. ( Zuccherelli G. 1994). 

 
Materials and Methods  

 

The experiment took place at the USAMV Bucharest 

Green House in 2009. It was a bi-factor experimental 

study, in three repetition, where the A factor was the 

grown cultivar and B factor was the applied nutrient 

solution. Ingrained cutting was planted in 14 L pots in 

a substrate composed of 50 % manure, 20% peat, 20% 

fallow soil and 10% sand. The tested biological 

material accounted for 3 cultivars: Hayward, Katiuscia 

and Tomuri and the AD 20 Hybrid coming from the 

kiwi collection of the Faculty of Horticulture, created 

in 1995. The applied nutrient solutions varied in terms 

of macro- and micronutrients and their accumulation in 

the kiwi plant leaves was monitored through 

determinations of total NPK forms and agrochemical 

substrate determinations of the pH, total soluble salt 

content, mineral N (NH4
+ 

and NO3
-
), P (PO4

3-
) and 

soluble K (K
+
) content, conducted during the 

vegetation period. Researchers aimed at finding the 

best nutrient solution enabling the shortest growing 

time for cultivating plants and at studying the impact of 

solutions applied through their building-up in the plant 

and in the substrate. Plant analyses: the dry matter was 

determinate by gravimetric method; the leaves were 

dried in a drying oven at 105 °C. The total forms of N, 

P and K were determined by wet mineralization - 

Digesdahl Hach method. The content of total nitrogen 

was determinate by Kjeldahl method, of phosphorous 

by spectroscopy in visible and of potassium by 

flamphotometry method.  Substrate analyses: pH was 

potentiometric determinate in water suspension, in 1:5 

ratio; the total soluble salts by conductometric 

measurement in water extract, in ratio 1:5. The 

nutrients soluble forms were determinate in water 

extract, in ratio 1:5. (Davidescu, V. et al, 2001). The 

mineral nitrogen (N- NO3
-
 and N- NH4

+
) and the 

phosphate ion (PO4
3-

) were determinate by 

spectroscopy in visible, potassium soluble form by 

flamphotometry. 

Table 1 includes the agrochemical features of 

the substrate according to the limit values described in 

literature. (Davidescu et al., 1978). 

 

 

Table 1  

 

Agrochemical characteristics of the culture substrate at the beginning of the study 

 

 

Specification 

pH 

 

Soluble salts 

% 

NH4
+ 

+ NO3
- 

ppm 

PO4
3- 

ppm 

K
+ 

ppm 

Culture substrate 6.78 

very slight acid 

0.373 

high 

222.2 

very high 

27.0 

high 

655 

very high 

Limit values 6.51 - 6.80  

very slightly acid 

6.81 - 7.20  

neutral 

0.3 – 0.7 >131 21 -  35  > 161  

  

 

Nutrient solutions were applied once every three weeks (20 days) in the same quantities. Their composition is given in 

the table below: 
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Table 2 

Content of applied nutrient solutions 

Nutrient solution 1 Nutrient solution 2 

Macroelements Macroelements 

Salt Conc g/L Salt 
Conc 

g/ 10 L 

(NH4)2HPO4 0.145 NH4NO3 3 

KNO3 0.625 KNO3 5 

HNO3 0.350 (NH4)2HPO4 3.5 

Ca(NO3)2 × 4H2O 0.127 MgSO4 3 

Mg(NO3)2 × 6H2O 0.18   

Microelements Microelements 

Salt Conc g/L Salt Conc mg/ L 

NH4MoO4 0.05 H3BO3 140 

H3BO3 1.5 ZnSO4 100 

MnSO4 × 5H2O 2.0 FeSO4 250 

ZnSO4 × 7H2O 1.5 MnSO4 100 

CuSO4 × 5H2O 0.25 CuSO4 100 

Fe-EDTA 0.6   

 

Results and Discussions   
 

The output figures upon 90 days  from pot planting in 

terms of total N, P, K forms and the dry matter content 

in kiwi plants, as well as of soluble macro-element 

forms, pH and total soluble salt content of the growing 

substrate are given in tables  3, 4, 5, 6, 7 and 8. 

 

         Table 3 

Nutritive elements (ppm), soluble salts (%) and pH content of the culture substrate 

Cultivar Variant 

pH 

Soluble 

salts 

Content, ppm 

   %  NH4 + 

NO3
 

PO4
 

K
 

 Unfertilized (control) 7.96 0.158 145.9  15.4 375 

Hayward Solution 1 7.44 0.390 272.5 22.2 770 

 Solution 2 7.42 0.390 244.75 23.7 710 

 Unfertilized (control) 7.73 0.274 91.0 20.6 565 

Tomuri Solution 1 7.50 0.303 198.2 20.7 645 

 Solution 2 7.18 0.563 457.5 16.6 1105 

 Unfertilized (control) 7.98 0.346 148.7 12.7 645 

Katiuscia Solution 1 7.55 0.679 604.5 18.3 1785 

 Solution 2 7.61 0.505 359.5 17.4 1105 

 Unfertilized (control) 7.84 0.404 282.5 17.9 835 

AD20 Solution 1 7.63 0.132 103.2 25.6 555 

 Solution 2 7.45 0.390 355.0 21.2 905 

 

The N-NH4 
+
 and  N- NO3

-
 content of the substrate is 

conclusive of the very well N mineral (> 131 ppm) 

supplied feature for all major experimental variants, 

except for the control variant  (unfertilized) in case of 

Tomuri cultivars (91.0 ppm) and the solution 1 variant 

of AD-20 hybrid.   

The Katiuscia variety shows a reduced phosphorus 

content below the 20 ppm threshold, namely 12.7 ppm, 

18.3 ppm and 17.4 ppm for the control, solution 1 

variant and solution 2 variant respectively (see Table 

3).  

With regard to the potassium content of substrate for 

all fertilized variants, values constantly ranged under 

‘very well supplied’ fertility class. 
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Table 4  

Total nutrient element form (%) and dry matter (%) content of kiwi leaves after 90 days from planting 

  

Cultivar Variant  Total forms, %  Dry 

matter 

% 
  N P K 

 Unfertilized (control) 2.83 0.75 2.80 20.0 

Hayward Solution 1 2.54 0.77 2.90 18.8 

 Solution 2 2.68 0.85 2.30 18.6 

 Unfertilized (control) 2.64 0.68 2.80 19.6 

Tomuri Solution 1 2.63 0.52 2.45 20.2 

 Solution 2 2.66 0.72 2.15 22.5 

 Unfertilized (control) 1.92 0.47 2.75 21.0 

Katiuscia Solution 1 2.04 0.39 2.55 22.7 

 Solution 2 2.09 0.40 2.25 19.8 

 Unfertilized (control) 1.93 0.73 2.25 22.0 

AD-20 Solution 1 2.66 0.65 2.40 20.2 

 Solution 2 2.44 0.72 2.30 19.6 

 

The Student’s t-test variation analysis shows as follows 

in connection to the total N and P and dry matter 

accumulation in kiwi plants upon 90 days from 

planting, namely: 

 

 

Table 5 

The factors used in the analysis of variance 

 

a factor = variety/hybrid b factor = fertilization system  

 

a1 = Hayward 

a2 = Tomuri 

a3 = Katiuscia 

a4= AD-20 Hybrid 

b1 = unfertilized ( control) 

b2= nutrient solution no. 1 

b3= nutrient solution no. 2 

 

 

 

Table 6 

Influence of the variety/hybrid (a factor) and fertilization system (b factor) on the total N (%) accumulation in 

kiwi leaves (upon 90 days from planting) 

 

a/b 

Unfertilized (control) 

 

Nutrient solution no. 1 

 

Nutrient solution no. 2 

 

Hayward a2.83a b2.54c a2.68b 

Tomuri b2.64a a2.63a a2.66a 

Katiuscia c1.92b c2.04a c2.09a 

AD-20 Hybrid c1.93c a2.66a b2.44b 

B constant A variable: Dl 5%=0.11*% N; Dl 1%=0.15% N;  Dl 0.1%=0.22 % N 

A constant B variable: Dl 5%=0.12*% N; Dl 1%=0.17 % N;  Dl 0.1%=0.24% N 

 

There were made interpretations by Dl 5% indicated in 

the table by * 

Nitrogen is the leading growth factor. Nitrogen 

shortage affects the growth rate. Plants will be scrub-

like, thin and poorly branched, while the surface of 

their leaves will be small. 

Total N accumulation in kiwi plant leaves for the same 

fertilization system shows significant variations for all 

4 Arguta deliciosa varieties, namely: with regard to the 

unfertilized variant considered to be the control, the 

largest total N accumulation values are recorded on 

Hayward, namely of 2.83 % N, followed by Tomuri 

with 2.64 % N and finally by Katiuscia and AD-20 

hybrid that show minor difference between variants; in 

the case of  Nutrient Solution no. 1 variant, the largest 

total N accumulation values are obtained for Tomuri 

and AD-20 hybrid (no variations worth noticing) after 

the application of Nutrient Solution no. 1, followed by 
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Hayward and by Katiuscia among which variations are 

given by the use of the fertilizer; for the Nutrient 

Solution no.2 applied variant, major differences 

between the total N accumulation values in kiwi leaves 

between Hayward and Tomuri (2.68% N and 2.66% N 

respectively – no major variation) for which we have 

the best N accumulation figures, and the AD-20 hybrid 

and Katiuscia variety. 

The impact of the fertilization system on the total N 

accumulation in kiwi leaves is described as follows: 

with regard to Hayward cultivar, where major 

variations stem from the use of nutrient solution, the 

unfertilized variant shows a better total N accumulation 

because the total soluble salt content of the fertilized 

substrate is of 0.390% over 0.158% for the unfertilized 

variant, which means that the mineral nitrogen 

accumulation is subject to the concentration of the 

solution in the growing substrate.  The Tomuri cultivar 

shows no major total N accumulation variations 

resulting from the fertilization system. Variant analysis 

shows significant differences between the unfertilized 

variant and nutrient solution plants in case of Katiuscia, 

but no variation between the two types of nutrient 

solutions applied in terms of total N accumulation 

(2.04% N and 2.09%N for Solution no.1 and Solution 

no. 2 respectively). Significant differences between the 

three fertilization variants are obtained for AD- 20 

hybrid, for which the Nutrient Solution no. 1 gives the 

best output as acknowledged by the total N content 

measured in the kiwi leaves, i.e. of 2.66%N, followed 

by the Nutrient Solution no. 2 variant (2.44%N). The 

lowest values are recorded in the unfertilized variant 

(1.93%N).

 

Table 7 

Influence of the variety/hybrid (a factor) and fertilization system (b factor) on the total P (%) accumulation in 

kiwi leaves (upon 90 days from planting) 

a/b 

Unfertilized (control) 

 

Nutrient solution no. 1 

 

Nutrient solution no. 2 

 

Hayward a0.75b a0.77b a0.85a 

Tomuri b0.68a c0.52b b0.72a 

Katiuscia c0.47a d0.39b c0.40a 

AD-20 Hybrid a0.73a b0.65b b0.72a 

B constant A variable: Dl 5%=0.06*% P; Dl 1%=0.09% P;  Dl 0.1%=0.14 % P 

A constant B variable: Dl 5%=0.07*% P; Dl 1%=0.10% P;  Dl 0.1%=0.13% P 

 

There were made interpretations by Dl 5% indicated in 

the table by * 

Phosphorous is crucial to growing, cell division and 

development of the root system. In case of 

phosphorous deficiency, the substance is easily 

transferred from mature leaves to younger tissues. 

Potassium deficiency affects plant growth by delaying 

plant development, by impairing the branching process 

and by preventing root growth. 

Total P accumulation for the same fertilization system 

shows major differences between the 4 cultivars of 

Arguta deliciosa, namely: of the unfertilized variant 

considered to be the control, the largest total P 

accumulation values are recorded on Hayward, namely 

of 0.75 % P, with no major variations as to the AD-20 

hybrid value of 0.73%P, followed by Tomuri with 0.68 

% P and finally by Katiuscia with 0.47% P; in the case 

of Nutrient Solution no.1 variant, major variations 

between the 4 cultivars of Arguta deliciosa are found in 

terms of total P accumulation in kiwi leaves, as listed 

below in descending order: Hayward (0.77% P), AD-

20 (0.65%P), Tomuri (0.65% P) and Katuscia 

(0.39%P); with regard to Nutrient Solution no.2 

variant, major differences between the total P content 

values of kiwi leaves are found on Hayward (0.85%P, 

for which the best phosphorus accumulation values 

have been recorded) over Tomuri and AD-20 (0.72%P 

– for which no variation has been identified) and over 

Katiuscia, the last ranked with 0.40% total P 

accumulation rate.  

The impact of the fertilization system on the total P 

accumulation in plants tested is described as follows: 

for Hayward, major differences are given by the use of 

nutrient solutions so that the unfertilized variant and 

Nutrient Solution no.1 are part of the same class 

displaying lower values than the Nutrient Solution no. 

2 variant. Variant analysis for Tomuri, Katiuscia and 

AD- 20 hybrid shows similar values for the unfertilized 

variant and Nutrient Solution no.2 and the best results 

for the total P accumulation rate, without any major 

variation between the two variants above the with 

major differences over the Nutrient Solution no.1 

variant for which lower values were recorded. 
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Table 8 

Influence of the variety/hybrid (a factor) and fertilization system (b factor) on the dry matter (%) accumulation 

in kiwi plants (upon 90 days from planting) 

a/b 

Unfertilized (control) 

 

Nutrient solution no. 1 

 Nutrient solution no. 2 

Hayward b20.00a c18.80b b18.60b 

Tomuri b19.60b b20.20b a22.50a 

Katiuscia a21.00b a22.70a b19.80c 

AD-20 Hybrid a22.00a b20.20b b19.60b 

B constant A variable: Dl 5%=1.05*% dry matter; Dl 1%=1.52% dry matter;  Dl 0.1%=2.31 % dry matter. 

A constant B variable: Dl 5%=0.95*% dry matter; Dl 1%=1.31 % dry matter;  Dl 0.1%=1.80 % dry matter 

 

There were made interpretations by Dl 5% indicated in 

the table by * 

Major variations, in terms of dry matter accumulation 

in kiwi plants have been found on the unfertilized 

variant between the AD-20 hybrid, Katiuscia and 

Hayward and Tomuri cultivars. Larger reserve 

substance accumulations have been found for the first 

two varieties above. With regard to the use of Nutrient 

Solution no.1, the largest dry matter accumulation 

value is shown on Katiuscia, i.e. of 22.7% of dry 

matter, which is significantly different on analysis of 

the variant from that of Tomuri and AD-20 which are 

part of the same reference class. Hayward comes 

secondly with the lowest accumulation rates (18.80% 

of dry matter). 

The use of Nutrient Solution no. 2 resulted in different 

dry matter accumulation rates on Tomuri, for which 

higher rates (22.50% of dry matter) have been obtained 

over the next reference class which includes the 

Hayward and Katiuscia cultivars and the AD-20 

hybrid. 

The impact of the fertilization system on the total dry 

matter % accumulation in tested kiwi plants is 

described as follows: with regard to the Hayward 

cultivar, the unfertilized shows the highest dry matter 

content of 20.0% and the fertilization system displays 

major negative variations upon use of nutrient solutions 

1 and 2. The nutrient solution 2 shows the highest 

reserve substance accumulation rates in kiwi plants for 

Tomuri (22.5% of dry matter) as compared to all other 

variants (unfertilized variant and Nutrient Solution 

no.1). Major variations are also found on Katiuscia in 

connection to the fertilization system. The best positive 

results are shown on use of Nutrient solution 1. The use 

of nutrient solutions to test the AD -20 hybrid shows 

negative variations in the sense that the unfertilized 

variant records upper rates (22.0% of dry matter)  

against fertilized variants (20.2% of dry matter on use 

of solution 1 and 19.6 % of dry matter on use of 

solution 2). 

 

Conclusions 
 

The best total N accumulation variant for the Hayward 

variety is shown by the unfertilized variant, which 

means that the Mineral N uptake in the substrate is 

adversely affected by the accumulation of total soluble 

salts in the growing substrate. The use of nutrient 

solutions is not justified for Tomuri because there are 

no major differences arising from the fertilization 

system over the unfertilized variant. The best response 

of the fertilization system in terms of total N 

accumulation is displayed by the AD-20 hybrid. 

 

Higher values are obtained upon use of nutrient 

solution no.2 in terms of total P accumulation in kiwi 

leaves against the other two variants tested (the 

unfertilized variant and the nutrient solution no. 1). The 

best response to use of nutrient solution no. 2 is shown 

by Hayward. 

 

With regard to Katiuscia cultivar, the highest dry 

matter content rate is obtained on use of nutrient 

solution 1, i.e. of 22.7%, followed by Tomuri with 

22.5% dry matter content upon use of nutrient solution 

no. 2 and by AD-20 hybrid showing high dry matter 

accumulation rates of 22.0% for the unfertilized 

variant.  
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