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Abstract

A study on the response of winter
rapeseed (Brassica napus L.) to
potassium (K) application was carried
out on soils in the region of the Yangtze
River Valley (YRV). Effects of K
treatment on K use efficiency by the
crop in relation to soil available K
levels were also reported. A total of 132
field experiments were conducted in
farmers’ fields in the major winter
rapeseed-growing areas in YRV of
China. Results of these field
experiments showed that, the average
field increment resulting from 100 kg K
ha' application was 358 kg ha', an
increase over the control CK (no K) of
18.0 percent in 2005/2006 and
2006/2007. The average internal use
efficiency (IE) of K was higher in the
CK treatment (21.9 kg grain, kg' K
uptake) than in the +K (100 kg K ha™)
treatment (17.7 kg grain, kg™ K uptake).
Oilseed rape required 68.1 kg of K to
produce 1,000 kg seed. The recovery
efficiency of K fertilizer in rapeseed
production ranged from 0 to 100
percent, with an average of 39.3
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percent. The K balance at most
experimental sites was negative, with an
average net removal of 117.6 kg K ha™'
in the CK treatment, and 56.8 kg K ha™
in the +K treatment. The results indicate
that there was a significant negative
relationship between yield increments by
K application and soil available K
content. Based on the relative yield of
CK/+K at 90 percent level, the soil
available K (NH4OAc-extractable K)
critical level was 135 mg kg™

Introduction

Winter rapeseed (Brassica napus L.) is
the dominant oilseed crop in China. The
Yangtze River Valley (YRV) is one of
the three major rapeseed growing areas
in the world and also offers considerable
potential of increased production. The
planted area of rapeseed in YRV is
generally around 6.0x10° ha which is
equivalent to 80 percent of the total
cultivated rapeseed in China and 20
percent of that of the world (NBSC,
2007; Fu et al, 2003). In addition,
Hubei Province has the largest rapeseed
production in China both in terms of
area cultivated and yield.

Since the 1960s, potassium deficiency
has increased over a wide area of China
(Lu, 1989; Zhang et al., 2008) and crop
demands can no longer be met by the
application of manures. Increased crop
production from a rise in nitrogen and
phosphorus fertilizer use has led to
higher depletion of soil potassium.
Significant responses to K fertilizer have
been demonstrated on a variety of crops
(Zhang et al., 2008). Soil potassium
deficiency is more serious in southern
China, the areas of potassium shortage
in the south of the Yangtze River
accounting for about 80 percent of that
across the entire country (Chen et al.,
2008). Soil potassium deficiency is
recognized as one of the limiting factors
for crop production (including rapeseed)
in YRV.

Rapeseed has a high potassium demand
to produce a healthy high-yielding crop
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Location of the experiments in the Yangtze
River Valley, Southeast China.

containing between 150 to 300 kg of K
ha”’ at maximum, excluding roots
(Holmes, 1980). Considerable rapeseed
yield increases, due to potassium
fertilization, have been reported in
various countries including Germany
(Orlovius, 2000), south-western
Australia (Brennan et al., 2007), and
Pakistan (Khan, 2004). In China similar
increases have been reported by Liu and
Tu (1989) and Lu et al. (2003).
Measurements of extractable soil K
have been related to yield responses and
K fertilization as observed by Soper
(1971). In the USA, 150 mg kg™ soil of
NH;4OAc-extractable K has been
recommended as an adequate status
(Gerwing et al., 2001) which is similar
to that in the UK (MAFF, 2000). These
recommendations are in accord with the
report of Govahi (2006) stating that
rapeseed yield did not respond to
applied K fertilizer when 209 mg kg™ of
NH4OAc-extractable K was present in
the soil. Likewise in south-western
Australia, rapeseed yields were
increased by application of K fertilizer
to soils with less than 60 mg kg’
Colwell-K  (Brennan and Bolland,
2006). In China, according to field
experiments in the 1980s, a K supply in
the soil of 110 mg kg' NH,OAc-
extractable K was necessary to obtain
maximum yields (Liu and Tu, 1989).
However, because of the variance of
soil testing methods, soil texture,
climate, rapeseed varieties, yield levels,
and other cultural management
practices, the critical level for soil
available K differed between regions.
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With the development of crop breeding
technology and improvement in farming
practices, the main commercial
rapeseed cultivars have changed greatly
and grain yield levels have increased
significantly from the 1980s (Fu et al.,
2003). It is widely recognized that
information about crop response to
fertilization, as well as nutrient use
efficiency, soil nutrient balance and soil
test requires updating and revaluation
(Peck and Soltanpour, 1990; Chen and
Zhang, 2006). Unfortunately, there has
been little current national or regional
emphasis on the effect of K fertilization,
soil K balance or K critical level in
winter rapeseed-growing in China.

In this paper, we present the results of
some recent research on the effect of K
fertilizer application on rapeseed in 10
provinces along YRV. The objectives of
this work were to assess rapeseed yield
response to K fertilizer in this region
and to evaluate potassium use efficiency
and the K balance of rapeseed systems.
Other objectives were to examine the
relationship between soil available
potassium concentration and yield
response to K fertilization, and to revise
and update the critical soil available K
level for current winter rapeseed
production.

Optimizing Crop Nutrition

Table 1. Experimental sites.

Year Number of Sites
trials
2000/2001 68 Qichun, county in Hubei province
2004/2005 7 Qichun, county in Hubei province
2005/2006 30 Qichun, Ezhou, Huangmei, Jingmen, Jingzhou, Tianmen,
Wuxue, Zhijiang, Xiantao and Honghu counties in Hubei province
2006/2007 27 Pengzhou county in Sichuan, Tongzhou county in Jiangsu, Shanggao

county in Jiangxi, Shaoxing county in Zhejiang, Tongnan county in
Chongqing, Guangde county in Anhui, Zhijin county in Guizhou,
Xinyang county in Henan and Lilin county in Hunan province

Materials and methods
Description of experimental sites

132 field experiments were conducted
in farmers’ fields in the major winter
rapeseed-growing areas of China in
2000/2001 and 2004/2005-2006/2007.
The experimental sites were located in
10 provinces of YRV: Hubei, Sichuan,
Jiangsu, Jiangxi, Zhejiang, Chongqing,
Anhui, Guizhou, Henan and Hunan.

The experimental year, the number of
sites and their various locations are
listed in Table 1. There were 68
experiments sites in 2000/2001, 7 sites
in 2004/2005, 30 sites in 2005/20006,
and 27 sites in 2006/2007. In 2005/2006
and 2006/2007, 3 experiments were
conducted at each site, each experiment
lasting for one year only. The

recommended double-low rapeseed
(Brassica napus L.

with low

Y

Experimental plot of K fertilization in rape seed crop. Photo by Lu Jian-wei.
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glucosinolate and erucic acid content)
cultivar for each region was used (as
listed in the Ministry of Agriculture of
the People’s Republic of China from
2000 to 2006). The variety of winter
rapeseed grown differed between sites.
Rice or cotton was grown as a
preceding crop.

Soil samples were taken prior to
transplanting. The various soil chemical
parameters and their ranges, with
average values shown in parentheses,
were as follows: initial soil pH of all
experimental sites ranged from 4.6 to
8.0 (6.5), organic matter from 10.7 to
40.8 g kg (25.3 g kg™, total N from
0.4 t02.7 gkg" (1.4 gkg"), available P
from 2.1 to 39.3 mg kg™ (15.5 mg kg™),
available B from 0.15 to 1.36 mg kg™
(0.34 mg kg), and available K from
28.5 t0 289.0 mg kg™ (96.8 mg kg™).

Experimental design and treatments

Each experiment had two fertilizer
treatments (1) CK, 0 kg K ha'; (2) +K,
100 kg K ha' as potassium chloride
(60% K,0) replicated three times using
a plot area of 20 m* (4 mx5 m). To
ensure that K was the only nutrient
element limiting rapeseed production in
the control treatment, the following
fertilizers were applied to the soil in
both treatments: 180 kg N ha™ as urea
(46% N); 39 kg P ha' as
superphosphate (12% P,0s); 7.5 kg
borax (11% B) ha'. Of the nutrients
supplied, 60% N, 100% P, 62.5% K and
100% B were applied as basal fertilizers
before transplanting. 20% N and 20% K
were applied to the soil surface 50-60
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days after transplanting, and the
remainders (20% N and 17.5% K) were
applied at stem elongation. Other than
fertilizer application and grain harvest,
each experimental field was managed
using the individual farmer’s current
management practices.

Plant and soil sampling and analysis

Standard methods of soil analysis
were used on sieved air-dried
topsoil (0-20 cm) collected before
transplanting: soil pH (glass electrode,
soil/water ratio of 1:2.5); organic matter
(dichromate wet combustion); total N
(Kjeldahl digestion with H,SO4-K,SO4-
CuS0O4-Se); available P,
spectrophotometrically following Olsen
extraction with 0.5 M NaHCO; at pH
8.5; available K, flame photometry
following extraction with 1 M
NH4 OAc; available B was determined
by the hot water extraction method
(Bao, 2000).

At final harvest (usually in early May),
six plants were taken at random from
each plot including all above-ground
biomass (phytomass). After air-drying
for two weeks, all plant samples were
separated into seed, pod and stem. Dry
weights of each component were
determined after oven-drying at 70°C
for 48 h. and samples were digested in a
double-acid mixture of H,SO, and
HCIO; in the ratio of 95:5. K
concentration in the digest was
measured by a flame photometer (Bao,
2000). Seed yield was determined from
the total plot area (20 m?) at maturity
and adjusted to a moisture content of
8.5 percent fresh weight. Pod yield was
calculated by the ratio of pod : seed of
sampled plant. The same calculation
using stem : seed ratio was made to
determine stem yield.

Data analysis

Potassium use efficiencies were
calculated based on the concepts and
terminology of Witt e al. (1999), Peng
et al. (2006) and Dobermann et al.
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(1996) from their work on irrigated rice.
This terminology is as follows:

e Partial factor productivity (PFPy,
kg kg™") = seed yield/K supply.

e Agronomic K efficiency (AEg, kg
kg') = (seed yield .x — seed yield
cx)/K supply. This is the incremental
efficiency from applied potassium
over the control.

e Internal K efficiency (IEg, kg kg™)
= seed yield/K uptake in above-
ground plant DM. IEg is thus
defined as the amount of seed yield
in kg ha™' produced per kg plant K
accumulation in above-ground plant
dry matter (DM).

e Reciprocal internal K efficiency
(RIEx, kg 1,000 kg™") = (K uptake in
above-ground plant DM/seed yield)
%1000.

e Apparent K recovery efficiency
(REx, %) = (K uptake in above-
ground plant DM ¢ — K uptake in
above-ground plant DM ¢g)/K
supply*100.

e K harvest index (KHI, kg kg") =K
uptake in seed/K uptake in above-
ground plant DM.

The critical level of soil available K was
determined from the relationship
between relative yield and the
concentration of soil available K (Soper,
1971). Relative yield was determined by
dividing the yield observed in the
control by the yield of the fertilized
treatment. In this research, relative yield
was set at 90 percent, and then the
critical level of soil available K was
determined by the graphic method (Cate
and Nelson, 1971) and logarithmic
function method (Chen and Zhang,
2006).

Statistical analysis was performed using
the data processing system (DPS)
software (Tang and Feng, 2002) and
SPSS 17.0. The difference between
different treatments was determined
using the least significant difference
(LSD) test at the 0.05 probability level.

Land of rape seed. The experiment setup in one
of the regions. Photo by Lu Jian-wei.

Results
Yield response to applied K

The results of field experiments in
2005/2006 and 2006/2007 were used to
describe grain yield response to applied
K. Grain yield ranged from 956 kg ha™
to 4,087 kg ha' (mean value 2,206 kg
ha) for the CK treatments, compared
with 1,222 kg ha” to 4732 kg ha
(mean value 2,564 kg ha') when 100 kg
K ha' was applied (Table 2). K
fertilizer application was thus shown to
have a positive effect on grain yield in
most trials, with increases from 3 kg
ha to 1,005 kg ha" (mean value 358 kg
ha), and an average increased rate of
18 percent.

Fig. 1 describes the relationship
between soil K available content (x) and
yield response (y;) in the experimental
plots. The equation was y; = -374.67In
(x) + 1,933.1 (r=0.6653**; n=57). The
high wvariability of grain yield in
response to applied K between
experimental sites probably relates to
site differences in soil K status at
transplanting and differences in
environmental conditions during
growth. For example, the available K
was only 42.3 mg kg™ at Hubei Ezhou,
and the +K treatment increased yield by
about 42.5 percent compared with the
CK treatment. By contrast, at Hubei
Honghu, Jiangxi Shanggao and
Zhejiang Shaoxing, where the soil
available K was much higher, the
increasing rate raised yields by only less
than 10 percent.

Differences in grain yield between the
various sites were apparent. Jiangsu
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Tongzhou had a higher grain yield
(3,310 kg ha in the CK treatment and
3,825 kg ha™ in the +K treatment) than
the other sites in both CK and +K
treatments. The greater yield in Jiangsu
was probably due to the higher climatic
yield potential caused by lower air
temperature and/or higher solar
radiation compared with the other sites
(Peng et al., 2006). Our data support the
results of the National Bureau of
Statistics of China (NBSC, 2006) that
indicate the unit yield of Jiangsu
province was the highest in China. K

treatments. PFPy ranged
from 5.3 to 22.7 kg kg"' N (mean value
12.3 kg kg N) for the CK treatments,
compared with 6.8 to 26.3 kg kg’ N
(mean value 14.2 kg kg™ N) for the +K
treatments, findings which indicate that
K fertilizer application increased N use
efficiency.

Potassium concentration, uptake and
nutrient use efficiency

Potassium concentration and
accumulation in rapeseed plants for

Table 2. Soil available K content, rapeseed yield to K fertilizer application, K partial factor productivity (PFPx) and agronomic
efficiency (AEk) in 2005/2006 and 2006/2007 growing seasons.
Soil avail. K Seed Yield Response to K AEg PFPg PFPy
CK +K CK +K
mgke! e kg ha' - kg ha'! % kg kg’ kg kg’ kg kg' N

Range 32.3-289.0 956-4,087 1,222-4,732 184-1,005 -8.2-68.5 0-10.1 12.2-47.3 5.3-22.7 6.8-26.3

AverStd. 11544638  2206+603b  2,564+633a 3584274  18.0+153  3.642.7  256+3  123+34b 14.2435a
1,200 partial factor productivity 2005/2006 and 2006/2007 growing
o (PFPg) ranged from 12.2 kg  seasons are presented in Fig. 2 and 3.
o 0 to 47.3 kg (mean value 25.6  Differences in K nutrition status,
S’ 800 K . kg) grain per kg K applied. as expressed in the average values,
2 .. y =-341.67In(x) + 1933.1 Agronomic K efficiency were clearly reflected by the K
g 07 . £ 04426 (AEg) ranged from 0 kg to  concentrations in the stem and pod,
; 400 1 10.1 kg (mean value 3.6 kg) which were much higher in the +K
g 200 grain per kg K applied. Of treatment (Fig. 1). By contrast,
L the 19 sites, Jiangsu however, K concentrations in the grain
E 0 Tongzhou and Hubei Ezhou  were similar in both fertilizer treatments
200 4 were the highest in PFPx and  (0.81% in the CK and 0.82% in the +K).
Soil available K concentration (me ke™) AE respectively. This is in agreement with the work of
Fig. 1. Relationship between grain yield to applied K and soil | Besides PFPg, Table 2 also Holmes and Brennan (19_80 _and 2006),
available K level. gives PFPy in the CK and +K who reported that applications of K

fertilizer had a negligible effect on the
K concentration in rapeseed grain. The
lack of uniformity of K concentration in
rapeseed at different experimental sites
may be due to the difference in rapeseed
varieties.

The total above-ground K accumulation
for the CK treatment averaged 117.6 kg
K ha™', while for plants grown in the +K
treatment, the average was 156.8 kg K
ha” (Fig. 2). The result showed that
application of K fertilizer could enhance
plant uptake by 33.2 percent for K,
mostly in the stem.

The nutrient
50— | . 300— b a harvest mfiex, ie.
Lck _ s T nutrient
4 N+K v s Ty 2507 @E}Ig accumulation in
S M 200 grain as a
= o R .
£33 = T proportion  of
g R g y5p— :
£ . a S £ 150 nutrient
g 2.0 E’ 100— accumulation in
o o . % b a above-ground
' —_ % l o 50 plant DM, was
0 - % % calculated . to
T T T N I analyze nutrient
Gram Stem Pod Gram Total distribution in the
Fig. 2. K concentrations in grain stem and pod. Fig. 3. K accumulations in grain and above-ground plant DM. crop. It is an
Note: The upper and lower limits of each box represent the 25" and 75" percentiles for rapeseed yield. The horizontal line in the indicator of the
center of the box indicates the median. Different lowercase letters (a, b) indicate significant difference (P <0.05).
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efficiency with which the plant utilizes
mineral nutrients in terms of grain yield
production. Potassium harvest index
(KHI) in the +K treatment averaged
0.14 kg kg, compared to 0.17 kg kg™
in the CK treatment (Table 3). K
application caused a decline in KHI
except at Jiangsu site. At Anhui
Guangde, for example, ample K supply
decreased KHI by about 71.6 percent
compared to CK plots. These results
showed that potassium deficiency may
increase the ratio of K accumulation in
grain, and a higher ratio of K
accumulation occurred in stem and pod
when K fertilizer was applied. The
findings are in accord with the
conclusions of Zou et al. (2008) that
high yield in rapeseed is closely
associated with adequate translocation
of potassium to stem and pod.

Internal K efficiency (IE) is the grain
yield produced per unit plant nutrient.
Nutrient interactions seem to be major
determinants of IE. With a limited K
supply, there is maximum dilution of K
in the plant, and uptake is not restricted
by other growth factors such as N or P
(Dobermann et al., 1996). Taking all the
trials into account, the average IEx for
CK plots was 21.9 kg grain per kg plant
K; this was equivalent to 45.7 kg K per
1,000 kg grain. However, when the
supply of K is ample and growth is not
limited by wuptake, maximum K
accumulation occurs in the plant
(Janssen et al., 1990). The average 1Ex
was thus much lower in the +K
treatment (17.7 kg grain per kg plant K)
than in the CK treatment which was
equivalent to 56.5 kg K per 1,000 kg
grain.

Apparent potassium recovery efficiency
and K balance

Apparent K recovery efficiency (REg)
is also presented in Table 3. The
recovery of K fertilizer was influenced
by the soil available K. This agrees with
results from Xie (2000), who reported
that REg for rice was negatively related
to the supply of soil potassium at the

e-ifc No. 23, June 2010
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same rate of K
fertilizer
application.
Where the soil

available K was | seasons.

Table 3. K harvest index (KHI), K internal efficiency (IEx), reciprocal IE
(RIEk, kg K in above-ground plant DM per 1,000 kg rapeseed), apparent K
balance (the rate of K supply - K uptake in above-ground plant DM) and
apparent K recovery efficiency (REk) in 2005/2006 and 2006/2007 growing

much lower, for

Treatment KHI 1Ex RIEg K balance REg
instance, at
Hubei Ezhou, kg kg’ kgkg' kg 1L,000kg'  kgK ha'! %

. . CK Range 0.07-0.51  9.1-70.0  14.3-1102 -270.5--29.3 —
Hubei  Qichun Aver2Std. 0.17+0.07a 21.9+104a 457 117645106 —
and Hunan Lilin, +K Range 0.06-024  9.8-33.1  302-1022  -181.4-549  0-100.0
REx was more Aver.tStd. 0.14+0.04b 17.7455b 56.5 -56.8+53.5a 39.3+27.1

than 50 percent.

REx was highest (73.6 percent) at Hubei
Ezhou and lowest (10.7 percent) at
Jiangsu Tongzhou, the average for all
sites being 39.3 percent. This result was
within the current level of REx in China
(35-50 percent) (Xie
et al.,2000; Yan et al., 2008).

Apparent K balance was measured as
the difference between total K added
and that removed by the crop (Singh
et al., 2002). Although K inputs from
rainfall and seepage or sedimentation
were not measured at the experimental
sites, we suspect that these factors had
only negligible effects on the K balance
(Dobermann et al., 1996). In addition,
straw is generally completely removed
in most winter rapeseed-growing regions
of China. We therefore calculated the
apparent K balance based on fertilizer
input and above-ground uptake
(Table 3). The soil potassium exhaustion
was stronger in the CK treatment which
ranged from 29.3 to 270.5 kg K ha’
(mean value 117.6 kg K ha™') than that
in the +K treatment (mean value 56.8 kg
K ha™).

Relationship between soil available K
and response of rapeseed to K
application

Relative rapeseed yields of CK/+K for
all the samples were positively
correlated with soil available K as
determined by soil extraction with
ammonium acetate. As shown in Fig. 4,
the soil available K data conformed to
an asymptotic relationship with relative
yield as interpreted using the logarithmic
equation and Cate-Nelson model. The

equation for describing the relationship
between relative rapeseed yield (y;) and
soil available K content (x) was y, =
18.176In(x) + 0.7444 (r=0.6583*%;
n=132). It was concluded that the ability
of soils to supply K to plants and
response of rapeseed yield to K fertilizer
application was reflected by soil
available K content.

Based on the relative yield of CK/+K at
90 percent level, the soil available K
critical level was obtained by the
graphical method and logarithmic
function method (Cate and Nelson,
1971; Chen and Zhang, 2006). The
results showed that the soil K critical
level for rapeseed in YRV was 135 mg
K kg" which was identical for the two
methods. Using the soil test level of 135
mg K kg, 106 experimental fields were
below the borderline. In other words,
about 80 percent of rapeseed-planting
fields in YRV were deficient in
potassium.

Discussion

Changes in winter rapeseed response to
K fertilization

Rapeseed yield responses to applied K
fertilizer in early 1980s were reported by
Liu and Tu (1989) in Hubei province.
By measuring grain yield responses to K
fertilizer applied at 40 experimental sites
in 1980s, they observed that rapeseed
yield increased significantly by K
application, the average increment being
258 kg ha, an increasing rate of 14.2
percent and AEx of 2.0 kg grain per kg
K. Our study confirmed this significant
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110 A
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potassium balance is negative in
most of the rice growing areas
because of low rates of K

80 A
70 A
60 A

50 A ¥ = 04334

40 A

Relative yield of CK/+K (%)

30 A

y = 18.176ln(x) + 0.7444

fertilizer applied by rice farmers
in comparison to the high
amounts of K removed in the
grain and straw (Dobermann
et al., 1996 and Zhang et al.,
2008). As a result, soil K status
decreases annually in most of the

20 T T T T T
0 50 100 150 200 250

Soil available K concentration (mg kg'])

Fig. 4. Determination of soil available K critical level.
Relationship between relative rapeseed yield and soil

available K level.

» | rapeseed growing areas.
300

Low apparent K recovery versus
high soil K exhaustion

China’s consumption of K

increase of rapeseed yield with K
fertilization in the other 9 provinces
besides Hubei. In 2005/2006 and
2006/2007 growing secasons, the
average increment, the percentage
increase and AEg were 358 kg ha, 18.0
percent and 3.6 kg grain kg' K,
respectively. Compared with grain yield
responses to K in the early 1980s,
current responses may also be explained
by two reasons:

1. The first is that the commercial
cultivars of rapeseed grown in YRV
have changed from those of the 1980s.
The double high (high erucic acid and
high glucosinolates) cultivars of the
1980s have been replaced by double
low (low erucic acid and low
glucosinolates) cultivars (Fu et al.,
2003) which according to the findings
of Zou et al. (2008) have a much higher
requirement for K at the current yield
level.

2. The second reason is the lower soil
potassium status of the rapeseed-
planting region of YRV since the 1980s
(Xie et al., 2000; Zhang et al., 2008). In
China, winter rapeseed is usually
cultivated in a crop rotation which
includes rice or cotton as a previous
crop. Rapeseed in rotation with rice
accounts for about 70 percent of
Chinese rapeseed acreage (Liu, 1990).
At present, although potassium
fertilizers are applied extensively in
areas of YRV (Xie et al, 2000), the
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fertilizers has increased steadily from
3.90x10° t K»0 in 1980 to 6.32x10° t in
2004. The N:K,O ratio in mineral
fertilizers consumption is currently
1:0.24 (Jin et al., 2006). Although a
recent survey on fertilizer use by 100
rapeseed farmers in Hubei province
showed a somewhat higher ratio of
N:K,0 was 1:0.31 (Zou et al., 2008),
this is well below the recommended
ratio of N:K,O of 1:0.4-0.7 for current
rapeseed production (Zhang et al., 2006
and Zou et al., 2008). Imbalanced use of
fertilizers not only limits rapeseed yield
but also depletes soil nutrients.

The results of our research showed that
fertilizer K application at the rate of 100
kg ha' in the +K treatment was
insufficient to match the K removal
(Table 3). The K balance on most
experimental sites was negative, with an
average net removal of 56.8 kg K ha in
the +K treatment and 117.6 kg K ha in
the CK treatment. The average apparent
K recovery efficiency was 39.3 percent
which was much lower compared with
that in the developed countries.
Reducing the rate of potassium
application could improve apparent K
recovery efficiency (Xie, 2000) but by
decreasing K application, soil K
exhaustion may be exacerbated.

Management practices that not only
improve apparent K recovery efficiency
but also maintain soil potassium fertility
include: returning the straw to field and

using organic manure and fertilizer as
nutrient sources for crop production.
Data from the northern part of
the Central Lithuanian Lowland
(Kristaponyte, 2005) showed that the
potassium balance in the mineral-
organic fertilization systems was
positive, and potassium fertilizer
compensated 106.7 percent of the
uptake by plants, whereas in the solely
mineral or organic fertilization systems
its balance was negative. Dobermann
(1996) also reported that where mineral
fertilizers are used and straw is
incorporated, reserves of soil K are
maintained and may even be increased.
Results from the soil and fertilizer
professional statistical data in 2000
collected by the National Agro-
Technical Extension and Service Center
showed that on a national basis, there
was 3.99x10° t K,O in rice straw (Gao
et al., 2002). If pre-rice straw could be
effectively used, even reducing the
amount of potassium fertilizer would
not only satisfy the relatively high K
demand of rapeseed but also maintain
the soil K fertility.

The new soil K critical level and further
studies on K management in rapeseed
systems

The purpose of soil test critical levels is
to describe soil test results in easily
understandable terminology and to
simplify the process of making fertilizer
recommendations by placing soils in
response categories (Dahnke and Olson,
1990). These critical levels can provide
and estimate the probability of response
to fertilization (Heckman et al., 2006).
The new soil available K critical level
produced at 90 percent relative yield is
135 mg K kg' for rapeseed in YRV.
Previous research in Hubei province of
China (Liu and Tu, 1991) has shown
that rapeseed yield does not respond to
applied K fertilizer when soil NH4OAc-
extractable K values are more than 110
mg kg™'. Thus, some sites (depending on
the past critical level) that would be
predicted not to respond, do in fact
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show responses to K fertilizer when the
new soil test critical level is employed.

The new soil test K critical level can be
used to predict yield response to K
fertilization in current production levels
of rapeseed in YRV. The figures in this
study, however, cannot be used for K
fertilizer recommendations in winter
rapeseed. However, in the near future,
ongoing research that includes new field
trials with different rates of K fertilizer
application are likely to provide useful
information so that fertilizer
recommendations can be made
depending on different K soil test levels
and yield goals.

Conclusions

Field experiments in 10 provinces of
YRV showed that winter rapeseed yield
responded positively to fertilizer K
application. The yield increment by K
application was negatively related to
soil NH;OAc-extractable K
concentration and relative yield of CK/
+K was positively correlated with soil
K. Based on the relative yield at 90
percent level, the soil available K
critical level was 135 mg kg'. This
finding indicates that about 80 percent
of rapeseed-growing fields in YRV
were deficient in potassium. Results
also showed that when 100 kg K ha’
was applied, IEx was 17.7 kg grain per
plant K, which is equivalent to a
requirement of 56.5 kg K to produce
1,000 kg grain. Moreover, soil K
exhaustion was severe compared to the
low apparent K recovery in winter
rapeseed system.
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