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Effects of different fertilizations on fruit quality, yield and soil 
fertility in field-grown kiwifruit orchard 
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Abstract: Kiwifruit yield and quality and soil nutrients were investigated in a kiwifruit orchard after long-term fertilization to 
understand the relationship between kiwifruit growth and soil nutrition.  Seven fertilization treatments with three replications 
were applied in a continuous four-year period, including no fertilizer (CK); phosphorus (P) and potassium (K) fertilizers (PK); 
N and K fertilizers (NK); N and P fertilizers (NP); N, P and K fertilizers (NPK); 1.5 times of N, P and K fertilizers (1.5NPK); 
and chemical fertilizers plus swine manure (NPKM).  Fertilization increased kiwifruit yield at the rate of 450 kg N/hm2,       
225 kg P2O5/hm2, 300 kg K2O/hm2.  The average yield decreased in a descending order for NPKM (44.6 t/hm2), 1.5NPK (42.6 
t/hm2), NPK (42.0 t/hm2), NK (38.0 t/hm2), NP (36.7 t/hm2), PK (36.4 t/hm2) and CK (34.1 t/hm2).  The sugar to acid ratio 
(S:A) was the highest (10.9) in 2012, and the soluble sugar increased by 15.7% after four-year NPKM fertilization.  The 
NPKM fertilization also significantly increased the vitamin C, soluble solid and firmness.  The soil organic carbon contents at 
0-20 cm, 20-40 cm and 40-60 cm in depth under the NPKM treatment were 27%, 29% and 139% higher than that of the CK 
treatment, respectively.  The available N contents at 0-20 cm, 20-40 cm and 40-60 cm in depth in the 1.5NPK treatment were 
180%, 114% and 133% higher than that in the CK treatment, respectively.  Balanced fertilization with N, P, K and organic 
manure is important to soil fertility, which may increase yield and improve quality in field-grown kiwifruit orchard. 
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1  Introduction  

China is reported the world’s largest producer,  
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consumer and importer of chemical fertilizers, which 
consumed over 1/3 of the world’s chemical fertilizers and 
accounted for about 90% of the global fertilizer 
consumption increase since 1981[1].  However, fertilizer 
use efficiency has been reported to decline continuously 
in the past four decades.  For example, nitrogen use 
efficiency (NUE) for major cereal crops was reported to 
range from 28% to 41%, but it was 35% on average in the 
early 1990s[2].  Currently the average NUE for rice, 
wheat and maize was only 28% based on field 
experiments conducted during 2001-2005 across China[3].  
The NUE is even lower in the regions with intensive 
agricultural production.  Cui et al.[4,5] reported that only 
18% of applied fertilizer was used by winter wheat and 
15% by summer maize in the Northern China.  Zhu et 
al.[4-6] reported that only 10% of the applied N was 
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recovered in above-ground biomass in hot pepper, and 
about 52% was lost from the plant-soil system, 
approximately a loss of over 620 kg/hm2. 

The production of kiwifruit plays an important role in 
economic development in Shaanxi Province of China.  
Kiwifruit plantations reached 60 600 hm2 with a 
production of 700 000 t/a, which was the highest in 
China[7].  In those areas, fertilizers are often applied to 
the soil to increase kiwifruit yield.  Zhao et al.[8] 
reported that N fertilizer application rate averaged    
927 kg/hm2 in the orchard region in Shaanxi Province.  
The application rates in the orchards were almost 3 times 
higher than the amount they needed.  The nutrient 
uptakes of total N, P and K by kiwifruit in a kiwifruit 
orchard with a production of 40.2 t/hm2 were 217 kg/hm2, 
137 kg/hm2 and 168 kg/hm2, respectively[9].  Nearly 
95% of the kiwifruit orchards had surplus N, with an 
average surplus of 876 kg/hm2.  Approximate 58% of 
the orchards had a N surplus of more than 500 kg/hm2, 
while more than 27% of the orchards had a N surplus of 
more than 1000 kg/hm2.  Among different kinds of 
orchards, kiwifruit orchards had the highest N input rate 
and the highest amount of surplus N.  Liu et al.[10] 
reported that N fertilizer application rates averaged   
750 kg/hm2 in apple orchards in Hebei Province.  Kou et 
al.[11] found that the peach orchards had a N surplus of 
more than 746 kg/hm2 in Shandong Province.  The 
amount of N surplus was positively correlated with the N 
application rate in those orchards.  High N inputs to 
orchards led to very high soil N loading. 

Overuse and low uptake efficiency of fertilizers, 
especially N, have resulted in N losses through 
volatilization as ammonia (NH3), leaching as nitrate 
(NO3

-), nitrite (NO2) and dissolved organic nitrogen 
(DON), emissions as dinitrogen (N2), N2O, and nitric 
oxide (NO) during nitrification/denitrification, which 
have induced a series of environmental problems[12-19].  
Tong et al.[20] estimated that the excessive fertilization 
has lost 0.122 Mt/a in Shaanxi Province through runoff, 
leaching and emission of N2O. 

This study was conducted to develop sustainable 
nutrient management practices suitable for field-grown 
kiwifruit orchard in Shaanxi Province.  Annual leaf 

analysis was required to properly manage the kiwifruit 
tree nutrition by different fertilizers.  The indexes to 
evaluate kiwifruit quality included soluble sugar, 
titratable acids, vitamin C, soluble solid, sugar-acid ratio, 
firmness.  Recommendation for rational fertilizer 
application rates will be given to get the desirable 
kiwifruit yield and quality based on long-term field 
experiments. 

2  Materials and methods  

2.1  Site description 
The experiment started in 2008 at Yangling 

(34°17′51″N, 108°00′48″E), Shaanxi Province, China, 
which is the main region in this Province for kiwifruit 
production.  The region has a temperate, semi-humid 
climate with a mean annual temperature of 13°C, annual 
precipitation of 520 mm and potential evaporation of 
1400 mm.  The soil is classified as Eum-Orthic 
Anthrosol (Udic Haplustalf in the USDA system).  The 
soil texture is silty clay loam. Using 10-year old kiwifruit 
of the ‘Qinmei’ variety on a rootstock, the kiwifruit trees 
were planted at 2 m × 3 m spacing.  The main properties 
of the soil (0-60 cm in depth) sampled from the site in 
September 2008 were presented in Table 1. 

 

Table 1  Soil properties of kiwifruit orchard before 
fertilization (2008, Oct.) 

Soil depth
/cm 

SOMa 

/g·kg-1
Available Nb 

/mg·kg-1 
Available Pc 

/mg·kg-1 
Available Kd 

/mg·kg-1 pHe 

0-20 13.6 17.5 43.9 246.1 8.2

20-40 7.7 17.0 41.4 105.4 8.1

40-60 3.4 16.3 37.8 88.8 8.2

Note: aK2CrO4 oxidation method; b2M KCl extracted N; cNaHCO3 extracted P; 
dNH4OAC extracted K; epH instrument. 
 

2.2  Experimental design 
The experiment is a randomized block design with 

three replications.  The experiment included seven 
treatments: (1) no fertilizer (CK); (2) P and K fertilizers 
(PK); (3) N and K fertilizers (NK); (4) N and P fertilizers 
(NP); (5) N, P and K fertilizers (NPK); (6) 1.5 times N, P 
and K fertilizers (1.5NPK) and (7) chemical fertilizers 
plus swine manure (NPKM).  Each plot had 8 kiwifruit 
trees.  Total amounts of N, P, and K applied from 
inorganic and organic sources to individual tree under 
each treatment arepresented in Table 2.  Urea, calcium 
superphosphate, and potassium chloride were used as 
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sources of N, P and K, respectively.  In the NPKM 
treatment, the manure was applied at a rate of 15 t/hm2·a 
by dry cattle manure.  The manure contained organic 
carbon 183 g/kg, quick-acting nitrogen 6.61 g/kg, 
quick-acting phosphorus 4.02 g/kg and quick-acting 
potassium 4.45 g/kg, on a dry weight basis.  The manure 
was applied as basal fertilizer after kiwifruit harvest every 
year.  Calcium superphosphate, potassium chloride and 
urea were applied in three times: one-third as basal 
fertilizer after harvest, one-third in the next spring before 
sprouting and the remaining one-third at the swollen stage.  
The total amount of fertilizer applied was the same every 
year from 2008 to 2012.  All the treatments received the 
same management except for the fertilizer treatments. 

 

Table 2  Treatments applied to kiwifruit trees and 
corresponding nutrient additions each year from 2008 to 2012 

Treatments 
Nutrient content/kg·hm-2 

Dry cattle manure N P2O5 K2O 

CK 0 0 0 0 

PK 0 0 225 300 

NK 0 450 0 300 

NP 0 450 225 0 

NPK 0 450 225 300 

1.5NPK 0 675 337.5 450 

NPKM 15 000 350+100a 165+60a 235+65a 

Note: aThe amount of N/P/K contained in dry cattle manure (The nutrients of N, 
P and K in dry cattle manure were 6.61, 4.02 and 4.45 g/kg, respectively.) 
 

2.3  Soil and plant samplings and analyses 
Leaves of kiwifruit trees in different treatments were 

collected each month from April to September in 2012.  
The samples were dried at 105°C and ground to pass 
through 200 mesh.  After digested by H2SO4-H2O2, total 
N and P concentrations were determined by Tector 5020 
using flow injection analysis machine, while total K 
concentration was determined by a flame photometry.  
Kiwifruits in different treatments were collected after 
harvest in October every year.  A total of 100 fruits were 
picked randomly from each treatment. Soluble sugar, 
titratable acids, vitamin C, soluble solid and firmness 
were determined.  Each fruit was weighed for yield 
measurement. 

The soil samples were collected at 0-20 cm, 20-40 cm 
and 40-60 cm in depth from each plot after kiwifruit 
harvest in October 2012.  Three soil cores within each 
plot were mixed by depth.  A total of 63 composite soil 

samples were collected.  Soil samples were dried and 
sieved (<2 mm) after identifiable crop residues, root 
material, and stones were removed.  The quick-acting N 
was extracted with 2 mol/L KCl (soil: KCl=1:4) for 1 h 
and analyzed by Tector 5020 flow injection analysis 
machine; SOC was determined by potassium dichromate 
(K2Cr2O7) oxidation at 170°C-180°C followed by 
titration with 0.1 mol/L ferrous sulfate.  Quick-acting P 
were extracted with sodium bicarbonate, and determined 
by the molybdenum-blue method.  Quick-acting K were 
extracted with in ammonium acetate, and then determined 
by flame photometry[21]. 
2.4  Statistical analyses 

A one-way analysis of variance (ANOVA) and LSD 
multiple comparison were applied to examine the 
statistical significance of responses of kiwifruit to 
fertilization, and to evaluate effects of fertilization on 
foliar and soil nutrient concentrations at α value of 0.05.  
Before performing the ANOVA analysis, the normality of 
distribution and homogeneity of variance were tested.  
All statistical analyses were conducted with the SPSS 
13.0 software. 

3  Results 

3.1  Foliar nutrient concentrations 
The N concentration in leaves changed with time 

(Table 3).  The N concentration in leaves decreased 
from May to September for all treatments as a result of 
internal remobilization.  At early stage, the N in the 
leaves partitioned to roots, stems, and fruits.  The N 
concentration in leaves in the NPKM treatment decreased 
slowly from May to September, probably because the 
organic fertilizer supplemented soil nutrients directly in 
orchard.  The N concentrations in the NK, NPK and 
1.5NPK treatments were significantly higher than the 
control treatment (CK) and PK treatment at early stages, 
and at the late stage the N concentration in the NPKM, 
1.5NPK and NPK treatments were significantly higher 
than the control treatment (CK).  There was no 
significant difference between NPK and 1.5NPK 
treatment at the same growing period. 

The phosphorus concentration in leaves was 
significantly higher at early stage than that in the late 
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stage.  But P concentration decreased from June to July, 
which could be attributed to internal remobilization.  
Wang et al.[22] reported that the nutrient uptakes in leaves 
occurred in the prophase and the amount of nutrient 
accumulated in kiwifruit tree from spike formation to 
maturing stage accounted for above 70% of total nutrients 
absorbed. 

The potassium concentration in leaves decreased from 
May to September, which was due to the internal 
remobilization.  The K concentration was significantly 
lower in the CK and NP treatmentsthan the other treatments 
in the same growing period, likely as the fruits need more 
nutrients at enlargement period.  There was no significant 
difference in K between NPK and 1.5NPK treatment. 

 

Table 3  Nutrient concentrations in leaves after four-year of application in different fertilizer treatments in 2012 

Treatments 

Nutrient concentrations in leaves/mg·kg-1 

N P K 

May June July Sep. May June July Sep. May June July Sep. 

CK 30.29c* 21.70c 18.53c 18.87b 2.04b 1.05c 1.06b 0.81c 14.07b 14.2b 11.80c 6.51c 

PK 34.32b 30.19b 21.18b 21.81ab 2.44ab 1.48b 1.01b 0.84c 16.55ab 13.76b 14.00b 8.77b 

NK 40.41a 27.50b 26.93ab 21.83ab 2.02b 1.53b 1.46a 0.86c 19.25a 16.31b 14.71b 9.23ab 

NP 37.66a 31.54ab 28.61ab 23.65a 2.96ab 1.97a 1.57a 0.96bc 15.69b 14.93b 13.55b 7.07b 

NPK 38.48a 28.76b 26.57ab 22.28a 2.56ab 1.60b 1.15b 1.11b 18.79a 15.53b 14.86b 9.01ab 

1.5NPK 38.98a 29.86b 26.10ab 24.33a 3.24a 1.54b 1.31a 1.13b 17.86ab 14.42b 14.21b 10.72a 

NPKM 34.22b 33.30a 30.41a 22.41a 2.60ab 1.97a 1.41a 2.50a 17.31ab 20.98a 17.8a 10.71a 

Note: *Values followed by different letters in the same column indicate significant difference at 5% level. 
 

3.2  Kiwifruit yields 
Fertilization increased kiwifruit yields during the 

four-year period (Table 4).  The mean annual yield 
followed a descending order for NPKM (44.6 t/hm2), 
1.5NPK (42.6 t/hm2), NPK (42.0 t/hm2), NK (38.0 t/hm2), 
NP (36.7 t/hm2), PK (36.4 t/hm2) and CK (34.1 t/hm2).  
The yield increased by 6.74% to 30.79% in different 
fertilizer treatments compared with the control.  
However, with the extension of experiment, the 
nutrient-deficient treatments (PK, NK and NP) may lead 
to a decline in yield compared with balanced nutrient 
fertilization (NPK).  For treatment PK, NK and NP, over 
four years, the kiwifruit yield averaged less than 40 t/hm2, 
and there was no significant difference between them.  
But for NPK, 1.5NPK and NPKM treatments the average 
yield reached higher than 40 t/hm2.  There was a 

significant difference between the NPKM treatment and 
the other treatments, and the increase trend in the NPKM 
treatment was relatively stable.  It was 30.79% greater in 
the NPKM treatment than that in the CK treatment. We 
also found that there was no significant difference 
between the NPK and 1.5NPK treatments.  In other 
words, the higher fertilizer applied did not promote the 
yield increase, which maybe attributed to soil quality 
decline and serious environment problems induced by the 
excessive fertilization.  The highest yield was achieved 
in the NPKM treatment, which may due to improved soil 
fertility, such as concentrations of SOC and of macro and 
micro-nutrients.  In contrast, application of chemical 
fertilizer only increased kiwifruit yields by directly 
supplying nutrients required for kiwifruit tree growth. 

 

Table 4  Effects of different fertilizations on kiwifruit yields during the year of 2009-2012 

Treatment 
Fruit yield/t·hm-2 Average 

yield/t·hm-2 
Increased 

percentage/% 
Average value 
/104 Yuan·hm-2 

Fertilization investment
/104 Yuan·hm-2 

Net income 
/104 Yuan·hm-2

2009 2010 2011 2012 

CK 31.7b 36.8c 37.0c 30.8c 34.1c __ 16.37 0.00 16.37 
PK 36.5ab 40.4bc 36.9c 31.7c 36.4bc 6.74 17.47 0.30 17.17 
NK 34.7ab 36.8c 41.5b 38.6b 38.0b 11.44 18.24 0.31 17.93 
NP 31.4b 36.2c 41.5b 37.8b 36.7bc 7.62 17.62 0.43 17.19 

NPK 34.8ab 44.8ab 46.6ab 41.7ab 42.0ab 23.17 20.16 0.52 19.64 
1.5NPK 34.9ab 42.7b 44.1ab 48.7a 42.6ab 24.88 20.44 0.78 19.66 
NPKM 38.5a 47.7a 47.8a 44.6ab 44.6a 30.79 21.41 1.13 20.28 

Note: (1) Kiwifruit price: 4.8 Yuan/kg (2012), price of N, P2O5, K2O and organic manure are 4.78 Yuan/kg, 4.17 Yuan/kg, 7 Yuan/kg and 0.5 Yuan/kg, respectively; (2) 
The net income analysis does not include other cost except fertilizer cost; (3) Values followed by different letters in the same column represent significant difference at 5% 
level, and the same below. 
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The NPKM treatment got the desirable economic 
benefits, the net income reached above two hundred 
thousand by subtracting the fertilizer inputsper hectare.  
Although there was no fertilizer input for CK treatment, 
the yield was the lowest compared with other treatments, 
so the economic benefit was the minimum. 
3.3  Kiwifruit quality 

The rational fertilization could promote the kiwifruit 
quality (Figure 1).  The contents of soluble sugar, 
soluble solid, vitamin C and firmness in the NPK and 
NPKM treatments increased over time, which were 
higher than those in the CK and other treatments (PK, NK 
and NP) in the same year (Figures 1a, 1d, 1e and 1f).  

The soluble sugar, vitamin C, soluble solid and sugar-acid 
ratio of kiwifruits was lower in 2010 compared with in 
other years, and the titratable acids in all treatments 
reached the highest in 2010 (Figures 1a-1e).  It was 
mainly because of increasing annual precipitation in 2010. 
It was greater than 749 mm, especially the rainfall mainly 
distributed in July and September.  After 2010, soluble 
sugar, vitamin C, soluble solid and sugar-acid ratio 
remained a steady upward trend in the rational 
fertilization treatment.  The titratable acids in the CK 
and other treatments were significantly higher than other 
balanced fertilization treatments in the same year except 
in 2010. 

 
a. The changes of content of soluble sugar  

during the test 
b. The changes of content of titratable acids  

during the test 
c. The changes of content of sugar-acid ratio  

during the test 

 
d. The changes of content of soluble solid during the test  e. The changes of content of vitamin C during the test f. The changes of content of firmness during the test

 

Figure 1  Effects of different fertilization treatments on kiwifruit quality during the four years 
 

The soluble sugar, soluble solid, vitamin C, 
sugar-acid ratio and firmness were higher in the NPK 
treatment compared with the NPKM treatment at the 
beginning of the experiment (Figure 1), but the NPKM 
treatment showed a steady increase trend during the four 
years except in 2010.  The sugar-acid ratio was highest 
and reached 10.9 in 2012.  The soluble sugar in the 
NPKM treatment increased by 15.7% after four-year 
fertilization.  We also found that there was no difference 
of kiwifruit quality between the 1.5NPK and NPK 

treatments, even though the absolute value was lower in 
the 1.5NPK treatment.  The soluble sugar, soluble solid 
and vitamin C contents in the CK and NP treatments were 
lower than those in other treatments in the same year.  
This is likely because K could promote the transform of 
starch into sugars, thus K deficiency was not favorable 
for the improvement of fruit quality.  Firmness was an 
important index for kiwifruit shelf life, but there was no 
significant difference between the seven treatments.  
The firmness was higher in the NPKM treatment than in 



March, 2017   Zhao Z P, et al.  Effects of different fertilizations on kiwifruit fruit quality, yield and soil fertility   Vol. 10 No.2   167 

other treatments (Figure 1f).  Although it fluctuated 
during the four-year study, it maintained slightly stable  
between 11 kg/cm2 and 13 kg/cm2 in general. 
3.4  Soil organic matter and quick-acting nutrients 

The concentration of SOC in different soil layers was 
affected in the NPKM treatment (Figure 2a).  Compared 
to the soil properties in 2008, the SOC at 0-20 cm, 20-  
40 cm and 40-60 cm in depth in the NPKM treatment 
were increased by 27%, 29% and 139%, respectively.  
The trend was attributed to more C being sequestered in 
the soil amended with manure than that only chemical 
fertilizer used.  The concentration of SOC was declined 

by 8% in the CK treatment after four years. No 
differences were found in SOC concentration throughout 
the 0-60 cm soil layers among the PK, NK and NP 
treatments and the soil properties in 2008 (Figure 2a).  
The lack of significant differences in SOC concentration 
may be due to low C input and the enhanced 
fertilizer-induced decomposition of SOC[23].  The NPK 
and 1.5NPK treatments also enhanced SOC concentration, 
which could be attributed to more organic matter in the 
forms of fallen leaves and decomposed roots when more 
inorganic fertilizers were applied during the four-year 
period. 

 
a. Soil organic matter  b. Available N 

 
c. Available P  d. Available K 

 

Figure 2  Effects of different fertilization treatments on the distribution of soil nutrients with depth after four years of the experiment,  
which was measured in 2012 (Soil depths were 0-20 cm, 20-40 cm and 40-60 cm) 

 

The quick-acting N in soil was significantly increased 
in fertilization treatments.  Compared with the soil 
properties in 2008, the quick-acting N at 0-20 cm, 20-  
40 cm and 40-60 cm in depth in the 1.5NPK treatment 
were increased by 180%, 114% and 133%, respectively.  
The quick-acting N at 0-20 cm, 20-40 cm and 40-60 cm 

in depth were increased by 140%, 62% and 26% in the 
NPK treatment, by 112%, 56% and 25% in the NPKM 
treatments, respectively. The quick-acting N 
concentration in subsoil layers was the highest in the 
1.5NPK treatment, which indicated that leakage had been 
taken place.  The quick-acting P was significantly 
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increased in the fertilizer treatments (PK, NK, NP, NPK 
and 1.5NPK) in surface soil compared with the soil 
properties in 2008.  The quick-acting P concentration in 
surface layers (0-20 cm in depth) increased by 69.7% in 
the 1.5NPK treatment. However, there was no difference 
among all treatments in the subsoil layers.  The available 
K showed the same trend as for quick-acting P at 0-20 cm 
in depth.  It was significantly affected by NPK, 1.5NPK 
and NPKM for four years (Figure 2d).  Compared to the 
soil properties in 2008, the quick-acting K in the NPK, 
1.5NPK and NPKM treatments increased by 39.3%, 
41.4% and 34.1% at 0-20 cm in depth, respectively, but 
for NP treatment it decreased by 6.7% at 0-20 cm in 
depth.  There were no differences among all treatments 
for subsoil layers. 

4  Discussion 

The results indicated that rational application of 
fertilizers significantly increased kiwifruit yield, quality 
and SOC concentration and the available soil nutrients.  
Zhao et al.[24] reported that with an average production of 
40 t/hm2 kiwifruit, the total N, P and K uptake were about 
217 kg/hm2, 137 kg/hm2 and 168 kg/hm2, respectively.  
In our study, we obtained the high kiwifruit yield and  
desirable economic benefits with the fertilizer rates of N 
450 kg/hm2, P2O5 225 kg/hm2 and K2O 300 kg/hm2.  
The yield of kiwifruit was up to 44.6 t/hm2 and the net 

income reached above ￥200 000 RMB by subtracting 

the fertilizer inputs when balanced fertilizers and organic 
manure were applied.  Zhong et al.[25] reported that crop 
yields could be increased to a very limited extent through 
only chemical fertilizers.  They found a significant 
relationship between grain yields plus straw and soil 
organic C content, and thus concluded that amendment 
with organic materials was essential for further improving 
soil fertility and increasing crop yield.  Our results 
showed that application of organic manure plus balanced 
fertilizers greatly increased kiwifruits yield.  The yield 
in the NPKM treatment increased by 31% compare with 
the CK treatment.  Application of mineral NPK and 
1.5NPK fertilizers also increased kiwifruits yields by 
23.2% and 24.8%, respectively.  There was no 
difference between NPK and 1.5NPK treatments for 

kiwifruit yield.  The yield increased by directly 
supplying nutrients plant required for crop growth.  
Manna et al.[26] reported that farmyard manure (FYM) 
and NPK treatments increased crop yields significantly 
compared with no fertilizer control in a long-term 
fertilizer experiment.  Similar effects of the application 
of FYM and inorganic fertilizer (INF) on crop yields have 
also been reported in China[27-29]. 

Wang et al.[22] reported that the nutrient uptakes in 
leaves occurred in the prophase and the amount of 
nutrients in kiwifruit tree were accumulated from spike 
formation to maturing stage, which accounted for above 
70% of total nutrients absorbed.  In their study, the N 
accumulation in leaves increased by 23.01 kg/hm2 from 
March 28 to May 18.  High P absorption was observed 
from May 18 to September 8.  In our study, the nutrient 
concentrations in leaves decreased in all treatments from 
May to September, likely as a result of internal 
remobilization, partition of the absorbed nitrogen in 
leaves to roots, stems, and especially fruits.  The nutrient 
concentrations in the NPKM treatment were falling 
slowly from May to September, which was likely because 
the organic fertilizer directly supplemented soil nutrients 
in orchard, adjust the release rate and intensity of soil 
nutrients. 

Some studies have reported that manure application 
could increase the apple quality, such as the sugar-acid 
ratio, vitamin C, soluble solid and firmness[30].  In our 
study, the kiwifruit quality increased by rational fertilizer 
application.  Compared with the beginning of the 
experiment, the sugar-acid ratio increased by 24.2% in 
the NPKM treatment.  Lai et al.[7] reported that with the 
application of organic manure plus balanced fertilizers 
increased kiwifruit quality by 44.8%, probably because 
the amounts of manure applied in their treatments were 
higher than that in our study.  The same trends in soluble 
solid and firmness were found, which were greater in the 
NPK and NPKM treatments than in other 
nutrient-deficient treatments (PK, NK and NP). 

The increased soil nutrient contents can promote the 
increase of kiwifruit productivity.  The results in our 
study indicated that the concentrations of SOC were 
significantly increased by the application of organic 
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manure (NPKM) compared with the initial SOC 
concentration.  The soil organic Carbon contents at 0-20 
cm, 20-40 cm and 40-60 cm in depth in the NPKM 
treatment were increased by 27%, 29% and 139%, 
respectively.  These results showed that beneficial 
effects of manure were not only limited to the surface 
layer, but also in the subsoil layer.  Chen et al.[31] found 
that the concentration of SOC in conservation tillage 
management was primarily enhanced in the upper layer, 
and the concentration of SOC in the subsoil was 
unaffected for 11 years.  However, in our study the 
concentration of SOC in the subsoil had the greatest 
increase, which could be attributed to different fertilizing 
modes.  We chose deep placement of fertilizer over 50 
cm.  Wang et al.[22] reported that the roots of kiwifruit 
tree were mainly distributed at 60-100 cm in depth, which 
prompted us to change the original way of fertilizing. 

Blair et al.[32] reported that FYM increased 
concentrations of SOC by 165% compared to those of the 
control treatment in the broad balk wheat experiment at 
Rothamsted, UK.  Banger et al.[33] observed that a sandy 
soil amended with FYM contained 36.1% more SOC and 
24.4% more TN concentrations at 0-15 cm in depth than 
soil in the CK under a 16-year rice-cowpea cropping 
system in semi-arid tropics.  Similar beneficial effects of 
FYM on SOC have been observed in other experiments 
elsewhere[34-38].  The magnitude of the effects, however, 
varies depending on the application rate of manure, soil 
texture, cropping system, climate, and duration of the 
experiment.  Furthermore, the application of chemical 
fertilizers in the 1.5NPK treatment did not significantly 
increase kiwifruit yield and quality compared with the 
NPK treatment, but it could increase the soil quick-acting 
nutrients.  For example, the quick-acting N 
concentration in subsoil layer had been increased by 
133%.  This trend indicated that a part of mineral N 
applied may have been lost via ammonia volatilization 
(44.1% of applied N), leaching (14.8%), and 
denitrification (4.4%) in the wheat/maize system on the 
North China Plain, as was reported by Ju et al.[18] 

The stability of kiwifruit yield and quality under 
nutrient-deficient treatments (PK, NK and NP) was 
decreased and was easily influenced by the change of 

climate.  The middle and micro-elements, such as 
magnesium, sulphur andzinc could be absent under 
application of chemical fertilizer alone.  Application of 
organic manure plus balanced fertilization with N, P and 
K was propitious to coordinate the balance of carbon and 
nitrogen pools, and then increased crop productivity[39].  
Our study validated that the amendment with organic 
manure was essential for improving soil organic C 
content and soil fertility, and in particular for enhancing 
kiwifruit yields and quality. 

5  Conclusions 

Continuous application of NPKM for four years 
significantly increased kiwifruit yield and quality.  
Concentrations of SOC, quick-acting N, P and K in 
surface and subsoil layers were significantly increased by 
the application of organic manure (NPKM) compared 
with those measured in 2008.  Application of chemical 
fertilizer alone was not sufficient to increase SOC and 
soil N, P and K relative to those in 2008.  There was no 
significant difference between NPK and 1.5NPK for 
kiwifruit yield.  Thus application of chemical fertilizer 
combined with organic manure is a rational and feasible 
fertilization technique in kiwifruit field-grown in Shaanxi 
Province, China. 
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