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As the most important cultural practices for tea production, single effects of nitrogen (N) and potassium
(K) fertilization on yield are well documented but their interactions and impact on their use efficiencies
are poorly understood. It was necessary therefore to assess interactions and impact on their use
efficiencies in tea cultivation as influenced by fertilizer application rates. This objective led to a
comprehensive field investigation in strongly acidic soil tea plots at Tea Research Foundation of Kenya,
Kangaita substation in Kerugoya using clone TRFK 11-4 in a 3x3, NxK RCB design. Treatments were
nitrogen (0, 100 and 200 Kg N ha 1) as urea and potassium (0, 40 and 80 Kg K 20 ha ) as muriate of
potash (MoP) replicated thrice. A uniform single dose of phosphorus (40 Kg P20Os ha l) was applied. Tea
yield, plant biomass and plant nutrient concentrations were measured for calculatlon of plant nutrient
uptake and efficiencies. Increased nitrogen rates from 100 to 200 Kg N ha™ increased agronomic
efficiency of nitrogen from 0.33, 0.93 and 0.33 to 1.32, 1.08 and 0.37 at respective rates of potassium.
. -1, . .. .
Increased nitrogen rates from 0 to 200 Kg N ha ™ increased agronomic efficiency of potassium from -
0.59 and 0.04 to 6.67 and 1.26 at respective rates of potassium.
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INTRODUCTION

In recent years, sustainable agriculture has become a
concern due to the pressures of the increasing nitrogen
fertilizer costs and increased focus on environmental
protection. Too often, problems associated with N in the
environment are dismissed as primarily resulting from
agricultural production systems and inefficiencies in
properly managing N source and their use. Numerous
efforts continue to improve N-use efficiency, minimize
losses and leakage of N into important water bodies,
prevent natural resources degradation, and to understand
the environmental impacts of N. There is therefore
greater attention to the efficient use of nitrogenous
fertilizers (Rochester et al., 2007). The need to optimize
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fertilizer inputs to meet crop requirements have also
increasingly been identified as priorities for research in
feedback from tea stakeholders.

Nitrogen and potassium are the major nutrients of tea
plant without which it would not be feasible to achieve the
commercial levels of production (Venkatesan et al.,
2004). Nitrogen plays an important role in increasing the
agricultural production and as a constituent of protein, it
increases the tea value. Following application, nitrogen
undergoes a series of transformation: hydrolysis,
volatilization, nitrification, denitrification and minerali-
zation. The processes of volatilization and denitrification
lead to the loss of nitrogen in gaseous form, while


http://www.internationalscholarsjournals.org/

Simon et al. 085

nitrification converts the ammoniacal nitrogen to nitrate
form which is highly susceptible to leaching along with the
percolating water. Leaching is often the most important
process of nitrogen loss from the field soils. An estimated
25 to 50% of applied nitrogen is lost by leaching. Studies
in other countries have suggested that nitrogen fertilizer
can be used at a moderately lower rate and more
efficiently than they have been traditionally used.
However, the optimum nitrogen rates and nitrogen use
efficiency are affected by a number of factors like yield
potential, soil fertility and field management (Boquet,
2005; Clawson et al., 2008; Hou et al., 2007; Janat, 2008;
Kumbbhar et al., 2008).

Potassium is the most important cation not only in
regard to its content in plant tissues but also with respect
to its physiological and biochemical functions (Mengel et
al., 1987). As an enzyme activator, potassium has been
implicated in over 60 enzymatic reactions, which are
involved in many processes in the tea plant such as
photosynthesis, respiration, carbohydrate metabolism,
translocation and protein synthesis (Dong et al., 2004;
Pettigrew, 2008).

As many of these variables are fixed in tea production,
nutritional management is likely to be one of the major
factors that can be manipulated by the grower to
influence vyields. Over the last several years, increasing
demand for Kenyan tea and increasing cost pressures
have led growers to seek out better production
techniques which would increase yields and reduce their
costs of production. Such techniques include best
management practices (BMP) for fertilizer application.
Fertilizer costs can represent 20 to 25% of the total
production costs and therefore its efficient use is critical.

Recent literature on improving nutrient use efficiency in
crop-production systems has emphasized the need for
greater synchrony between crop nutrient demand and
their supply from all sources throughout the growing
season (Cassman et al., 1993). This approach explicitly
recognizes the need to efficiently utilize both indigenous
and applied nutrient and is justified by the fact that losses
from all nutrient-loss mechanisms increase in proportion
to the amount of available nutrient present in the soil
profile at any given time. Increased yields also can
contribute to greater nutrients use efficiency from both
indigenous and applied nutrient sources because fast
growing plants have root systems that more effectively
exploit available soil resources (Burns, 1980).

Crop health, insect and weed management, moisture
and temperature regimes, supplies of nutrients, and use
of the best adapted cultivar or hybrid, all contribute to
more efficient uptake of available and greater conversion
of plant nutrient to shoot yield. Assuming a well-managed
crop, nitrogen recovery efficiency and profit from applied
nutrient are therefore optimized with the least possible
nutrient losses when the plant-available nutrient pool is
maintained at the minimum size required to meet crop-
nutrient requirements at each stage of growth. Too little
nutrient reduces yields and profit while too much nutrient

is vulnerable to losses for example, is vulnerable to
losses for example, N from leaching, volatilization, and
denitrification.

The degree of synchrony between nutrient supply and
demand and its influence on nitrogen recovery efficiency
can be evaluated quantitatively when nutrient demand
and supply can be measured. For example, yield level
provided an estimate of crop nutrient demand and the
indigenous nutrient supply was estimated by nutrient
uptake in plots that did not receive applied nutrient.

Efficiency of nitrogen and potassium fertilizer
application is affected by various factors (including soil
type, soil original nitrogen and potassium supplying
capacity, crop varieties, organic matter and the levels of
other nutrient elements) (Timsina et al., 2001; Oborn et
al., 2005), which in turn shape the dynamic equilibrium
existing among the various forms of soil N and K (Zeng et
al., 2000). Knowledge of this dynamic relationship is
critical for the efficient management of nitrogen and
potassium in agro-ecosystems.

MATERIALS AND METHODS

Research site and cultivar

This research was conducted at Tea Research Foundation of
Kenya, Kangaita substation in Kerugoya. Kangaita (37°, 17.8’ E; 0°,
19.8’ S; 2,130 m above sea level) is located on the slopes of Mount
Kenya. The soils in the study site are reasonably uniform, have
characteristic red clay humic loam, and are strongly acidic. These
soils are classified as Acrisols. The field was planted with tea clone
TRFK 11/4 at rectangular spacing of 1.22 m by 0.61 m (4 by 2 ft).
Field site was selected based on fertilizers types that is, urea (46%
N) and muriate of potash (60% K).

Experimental design

A randomized complete block design with three replications was used
for the study. The treatments were nitrogen rates (0, 100 and 200 Kg N
ha “year ".) and potassium rates (0, 40 and 80 Kg K20 ha_lyear .
Nitrogen rates were arranged in blocks while potassium rates were
completely randomized in the blocks. The sources of N and K were urea
(46% N) and muriate of potash (60% K)

respectively. Prlmsphorus was applied as a uniform single dose of
40 Kg P20s ha “year .

Plant samples were collected in April of 2011, while yield data
were recorded monthly. Plant densities were similar in all plots that
is, each plot consisted of 150 bushes while the sub-plot consisted of
50 bushes. Plucking of tea was done in conformity with standard
practice, where two leaves and a bud were removed every ten to
fourteen days and yield data were recorded monthly.

Micro-meteorological variations

The local climate is humid subtropical with annual rainfall which
ranges between 1700 to 2150 mm while temperature ranges
between 14.5 to 17.8°C. Long rains start in mid-March while short
rains start in mid-October. A summary of the major values of micro-
meteorological parameters during the experimental periods is
shown in Table 1.
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Plant tissue collection

In each plot, tissues samples were collected separately for two
leaves and a bud, third leaves, mature leaves and maintenance
leaves. Tea plant was sampled from each plot and partitioned into
two leaves and a bud, third, mature, maintenance leaves; green,
brown branches; stems; and hairy, other roots. The wet, dry weight;
nitrogen, and potassium concentrations of these plant parts were
determined using standard procedures. Concentrations of nitrogen
and potassium were expressed on a dry weight basis and the
nutrient uptake and accumulation were calculated as the product of
concentration and dry weight.

Plots yield data (buds and young leaves) were obtained monthly
for a period of one year. The plot wise monthly yield data were
converted into made tea per hectare, using Equation 1.

Green leaf weight — No. of bushes per hectare x 0.225

Made tea yield =

No. of bushes per plot
perp 1)

The figure 0.225 is green to made tea conversion factor.

Nitrogen and potassium use efficiencies

Evaluation of nitrogen and potassium used efficiencies are useful in
determining the ability of tea plant to absorb and utilize nutrients for
maximum yields. The nitrogen and potassium use efficiencies are
based on subtraction Equations (2) and (3).
Agronomic efficiency (AE) is expressed as the additional amount
of economic yield per unit nutrient applied (Equation 2).
-1-1 -1 -1-1
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Apparent nutrient recovery efficiency (ANR) has been used
reflect plant ability to acquire applied nutrient from soil and
determined using equation 3.

to
is
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)
= kg ha-1

(©)

The partial factor productivity (Pfp) from applied nutrients this is a
useful measure of nutrient use efficiency because it provides an
integrative index that quantifies total economic output relative to
utilization of all nutrient resources in the system (Cassman et al.,
1996). It is the ratio of yield to applied nutrients as stated by

Equation (4).

Pfp = Yield of made tea in kg ha'1 | Amount of fertilizer nutrients applied in kg ha’

(4)

Determination of nitrogen and potassium in tea plant samples

Chemical analysis of nitrogen in tea partitions

Total nitrogen concentration was determined by the micro-Kjeldahl
method (Bremner and Mulvaney, 1982). 0.1 g of milled samples
was digested for an hour in concentrated H2SOa4 plus a quarter
catalyst tablet. After cooling, the digest was made alkaline with 40%

ha+

1
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NaOH solution and the NOs distilled was collected in 10 ml boric
acid containing mixed indicator. Total N was determined by titrating
the distillate against 0.035 M HCI.

Chemical analysis of potassium in tea partitions

Exactly 0.25 g of the dried and ground tea leaf sample was ashed
for four hours and then digested using 2 parts of 1:1 mixture of
concentrated HNOs (69 to 70.5%) and concentrated HCI (37%)
under reflux to 3 parts of hydrogen peroxide. Concentrations of K in
the digests were then determined using flame Photometer
(Spencer, 1950).

Statistical analysis

The data were subjected to the analysis of variance (ANOVA) using
the MSTATC software package (Russel, 1995). In case of
significant treatment effects, a comparison of means was performed
by means of least significant difference (LSD) method at a
significance level of 5% (p = 0.05) (Steel et al., 1997). Use of
difference between treatments implies statistical difference (P
0.05) while no difference implies no statistical difference. The mean
tea yield, plant biomass and plant nutrient concentrations were then
used for calculation of nitrogen and potassium efficiencies.

RESULTS AND DISCUSSION

Annual yield response to nitrogen and potassium
fertilization

Processed (made) tea yield, recorded between
September 2010 and August 2011 were analyzed and
their means are as shown in Figure 1.

From Figure 1, nitrogen is shown to be the most
important yield increasing fertilizer. This observation was
consistent with that of Foth et al., (1996) who observed
that nitrogen is the mineral nutrient most commonly
deficient in agricultural soils.

The highest made tea yield (872 Kg ha™*) was obtained
with 200 kg N ha “and 40 kg K ha ™ while the lowest (755
Kg ha'l) with 40 kg ha™ K without nitrogen. The increased
made tea yield at the highest level of nitrogen was
probably due to the availability of more nutrients, which
helped, in maximum vegetative growth of tea plant.

The differences regarding made tea yield in all the
treatments were non-significant. De Datta et al. (1985)
showed that the effect of nitrogen on other crops
significantly —affected the response to potassium
presence; when nitrogen fertilizers are not utilized, they
do not react to potassium fertilizer. At stable nitrogen rate
of 200 kg ha'lyear'l, there was significant reduction of
made tea yield (100 Kq) among the different potassium
levels (0 to 80 kg K ha ™).

Considering the seasonal variation in tea growth as
affected by weather conditions (Table 1),one dose of
nitrogenous fertilizer at a fixed time may not match crop
demand of clonal tea plants during the whole growing
season. Thus, for optimizing the nitrogenous fertilizer
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Figure 1. Mean tea yields per plot affected by nitrogen and potassium treatments.

Table 1. Monthly total rainfall, maximum, minimum and mean air temperature, soil temperature and relative humidity at

Kangaita.
Total rainfall Max. Air Temp. Min. Air Mean Air Soil Temp.

Month (mm) 0 T Temp)  Temp (°0) co . RAO
Sep 41.6 19.2 19.2 14.6 18.1 87
Oct 148.9 20.8 20.8 16.1 20.1 83
Nov 146.4 20.2 20.2 15.3 18.9 90
Dec 48.4 21.4 21.4 15.4 20.9 77
Jan 29.7 21.9 21.9 15.3 21.6 67
Feb 15.0 21.0 21.0 15.7 21.8 56
Mar 76.2 22.0 22.0 17.4 22.4 62
Apr 290.7 20.7 20.7 17.9 19.6 69
May 486.5 20.9 20.9 18.0 17.7 77
Jun 57.7 15.0 15.0 13.7 17.9 88
Jul 46.5 18.8 18.8 15.3 17.6 74
Aug 110.3 17.6 17.6 14.8 16.3 75
Mean 124.8 20.0 11.6 15.8 19.4 75.4

response, there is need to further explore the benefits of
matching demand and supply taking into account not only
productivity but also the risk on nitrogen losses. On the
other hand, since fertilizers do not improve soil physical
structure or enhance soil biological activity, they are, by
themselves, usually insufficient to maintain soil fertility.
Increased water availability, for example, improves the
utilization of fertilizer by crops.

Plant biomass

Interaction effect of nitrogen and potassium on the dry
weight of tea plant was not significant.

In this research, lack of significance yield response to
fertilizer treatments (Figure 1) led to lack of significance
difference in dry matter to fertilizer treatments (Table 2).

Concentrations of nitrogen and potassium in tea

Plant tissue analysis provided a mean of assessing the
plant uptake, and removal from the soil, of N and K.

Nitrogen concentration in tea plant tissues

Nitrogen concentrations of two leaves and a bud, third,
mature and maintenance leaves, green and brown
branches, stem, hairy and other roots were determined
and their results are given in Table 3.

Different nitrogen rates, potassium rates and their
interactions had insignificant effect on two leaves and a
bud, third leaves; green branches, brown branches, stem,
hairy roots and other roots nitrogen nutrient
concentrations (Table 3). They were almost similar within



088 Afr. J. Agron.
Table 2. Mean effects of N-K fertilization on the dry weight of Tea plant.
Treatment 2 leaves + Other Green Brown Stem Hairy Other
Bud leaves Branches Branches Roots roots
NoKo 8.19 85.79 18.79 742.39 164.54 14.90 539.39
NoK1 9.00 69.84 14.60 770.33 242.22 11.73 462.01
NoK2 9.60 85.95 21.34 859.00 223.92 15.52 733.97
N1Ko 8.55 79.17 21.61 923.79 205.64 11.04 541.84
N1K1 9.28 75.77 22.01 1006.78 222.07 12.59 522.52
N1K2 8.41 59.46 17.79 813.92 170.67 11.83 391.46
N2Ko 8.66 85.63 20.54 944.58 182.59 14.16 544.73
N2Kz1 8.21 56.71 14.08 715.95 149.53 10.85 357.45
N2K2 10.56 57.81 20.61 777.87 193.27 12.34 409.23
CV (%) 16.60 26.12 26.33 22.63 28.45 22.49 30.44
P(0.05) ns ns ns ns ns ns ns
(No=0; N1= 100; No= 200) kg N/ha; (Ko=0; K1=40; K»=80) kg K»O/ha, CV = Coefficient of variation, ns = not significant.
Table 3. Effect of N and K interaction on plant partitions nutrient N (%).
Treatment 2 leaves 3rd Mature Maintenance Green Brown Stem Hairy Other
+Bud leaves leaves leaves Branches Branches Roots roots
NoKo 4.49 3.25 2.50% 2.92%%¢ 2.30 0.58 031 159  0.30
NoK1 4.49 3.09 2.77° 2.64%° 1.55 0.45 0.33 1.68 0.29
NoKz 4.86 3.38 233" 237" 1.83 0.40 0.38 1.57 0.31
N1Ko 4.80 3.35 252" 2.82%% 1.95 0.53 039 171  0.39
N1iK1 4.78 3.54 2.11° 2.34° 1.83 0.52 0.39 1.70 0.34
N:iKz 4.54 3.18 2.12° 2.44%° 2.04 0.55 0.34 1.76 0.30
NzKo 4.69 3.50 2722 3.09% 2.28 0.55 0.45 1.84 0.49
NzK1 478 3.62 2.74% 297%° 2.03 0.60 0.36 1.39 0.45
N2K2 4.79 3.38 2.72% 2.80bc 1.94 0.46 0.35 1.51 0.39
CV (%) 9.10 7.76 12.26 10.92 21.41 12.65 17.99 13.47 26.11
LSD (5%) ns ns 0.218 0.209 ns ns ns ns ns

(Np=0; N1= 100; N»= 200) kg N/ha; (Ko=0; K1=40; K»=80) kg KoO/ha, CV = Coefficient of variation, ns = not significant, *each row with same

letters was not significantly different (p< 0.05).

all ratios. Increased nitrogen rates had significantly varied
nitrogen nutrient concentrations in mature and main-
tenance leaves. Increased potassium rates significantly
reduced nitrogen nutrient concentrations in maintenance
leaves from 2.95 to 2.54%.

From the table, it is clear that nitrogen content were
high in young leaves than old ones. This reflects the fact
that nitrogen is highly mobile and is often translocated
from old leaves to young leaves (Marschner, 1995). It has
been reported for other crops, that plants allocate
nitrogen to the youngest leaves in order to maintain a
high-rate of canopy photosynthesis (Hirose et al., 1987;

Lemaire et al., 1997). Indeed, the nitrogen content of ‘two
leaves and a bud’ is less sensitive to nitrogen fertilization;
hence, the use of the mature leaf for the diagnosis of the
nutrient status of tea bushes is recommended in East
Africa (Othieno, 1988). Cultivated tea is maintained as a
low bush in a continuous vegetative phase with regular

removal of the young shoots. For annual crops, nitrogen
uptake is regulated by the crop dry mass accumulation
under non-limiting nitrogen supply within species and
across environments (Lemaire et al., 2007).

Potassium concentration in tea plant tissues

Potassium concentrations of two leaves and a bud, third,
mature and maintenance leaves, green and brown
branches, stem, hairy and other roots were determined
and their results are given in Table 4.

There was significant variation in potassium
concentrations among the different nitrogen rates,
potassium rates and their interactions except two leaves
and a bud, green branches and stems (Table 4).
Increased nitrogen rates from 0 to 200 kg N/ha
significantly reduced potassium nutrient concentrations
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Table 4. Effect of N and K interaction on plant partitions nutrient K.

Treatment 2 leaves 3rd Mature Maintenanc Green Brown Stem Hairy Roots Other
+ Bud leaves leaves e leaves Branches Branches roots
NoKo 277 258%°  237® 277% 1.93 0.72% 0.50 1.05% 0.59%
NoK1 2.33 3.18%° 2652 2.60%° 2.18 058" 0.50 0.91%° 0.66°
NoK2 3.01 3202 2832 2.93% 2.41 0.59%° 0.58 1.24% 071"
N1Ko 2.37 277 210% 2.59%° 2.26 0.59%° 0.50 1.29% 0.63°°
NiK1 2.58 3.03%°  2.65% 2.72% 2.42 0.72% 0.66 1.04%° 072"
N:iK2 2.52 3272 246® 257%° 2.57 0.742 0.72 0.89%° 0.69"
N2Ko 2.31 240° 1.72° 2.16" 2.05 0.42° 0.47 0.61° 0.52°
N2K1 2.77 3142 213% 2,742 2.43 0.66% 0.66 1.05%° 0.82%°
N2K2 258 326%  246% 2.87% 2.24 0.68° 0.63 118% 0.88°
cv 11.05 951 1130 6.92 16.24 11.35 15.89 21.73 7.15
LSD (5%)
N ns ns 0.19 ns ns 0.05 ns ns 0.04
K ns 0.20 0.19 0.13 ns 0.05 0.07 ns 0.04
N*K ns ns ns 0.23 ns 0.05 ns 0.27 0.06

(No=0; N1=100; N»= 200) kg N/ha; (Ko=0; K1=40; K»=80) kg KoO/ha, CV = Coefficient of variation, ns = not significant, *each row with same

letters was not significantly different (p< 0.05).

Table 5. Nitrogen and potassium use Agronomic Efficiency (AE), Apparent Nutrient Recovery (ANR)

and Partial factor productivity (Pfp)

Treatment AEN AEk ANRN ANRk Pfpn Pfpk
NoKo

NoK1 -0.59 -0.15 43.17
NoK2 0.04 -0.02 23.98
N1Ko 0.33 0.043 13.69

N1K1 0.93 3.05 0.037 0.06 14.11 46.21
N1K2 0.33 0.59 -0.003 0.03 13.71 24.58
N2Ko 1.32 0.015 8.39

N2K1 1.08 6.67 0.019 0.15 8.06 49.84
N2K2 0.37 1.26 -0.006 -0.01 7.46 25.24

(Np=0; N1= 100; N2= 200) kg N/ha; (Ko=0; K1=40; K»=80) kg KoO/ha

inmature leaves from 2.6 to 2.1% had varied effect on
brown branches and increased potassium nutrient
concentrations in other roots from 0.65 to 0.74%.
Generally, potassium content in third, mature and
maintenance leaves in K2 (80 Kg K ha'l) treatments was
more than K1 (40 Kg K ha™) and K g (control) treatments
as expected. Increased potassium rates from 0 to 80 kg
KoO/ha significantly increased potassium nutrient
concentrations in third leaves from 2.6 to 3.2%, in mature
leaves from 2.1 to 2.6%, in maintenance leaves from 2.5
to 2.8%, in brown branches from 0.58 to 0.67%, in stems
from 0.49 to 0.64% and other roots from 0.58 to 0.76%.
The positive N-K interaction is also dependent on the
form of nitrogen supplied. Nitrate uptake has been shown
to stimulate net K uptake in various crop species,
suggesting that the NOsz ion serves as a mobile

accompanying anion during K* uptake and/or transport

(Pettersson, 1984). It has been reported that NH4+
reduces K" uptake in plant roots (Scherer et al., 1984;
Wang et aI.,+2003; I+_u et al., 2005; Guo et al., 2007)
because NH4s and K have similar charges and hydrated
diameters (Wang et al., 1996).

Dang (2005) reported that plant nutrient concentrations
in the tea plant are highest in the young leaves and buds
with concentration ranges for the major nutrient element
K of 2.3 to 3.0%. These ranges of values are highly
consistent with the levels obtained in the leaves of the
studied tea plants.

Moreover, these results indicated that the harvested
tea, which involves mainly the young leaves and buds,
represents a significant, permanent removal of potassium
from the soil.

Potassium is highly mobile within plants but its flow and
partitioning can change depending on the forms of nitrogen
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supply. NHs nutrition in comparison to NO3z supply
results in more K translocation to leaves.

Nitrogen and potassium use efficiencies by tea plant

Table 5 below shows calculated agronomic efficiency,
apparent nutrient recovery and partial factor productivity.
Different nitrogen rates, potassium rates and their
interactions had general effect on agronomic efficiency,
apparent nutrient recovery and partial factor productivity.
Increased nitrogen rates from 100 to 200 kg N/ha
increased agronomic efficiency of nitrogen from 0.33,
0.93 and 0.33 to 1.32, 1.08 and 0.37 at respective rates
of potassium. While increased potassium rates from 40 to

80 kg KO/ha had varied effect on 100 kg N/ha but
reduced agronomic efficiency of nitrogen from 1.32 to
0.37 at 200 kg N/ha. The highest nitrogen and potassium
agronomic efficiencies were obtained from the plots

which received 200 kg N/ha at 0 and 40 KO respectively.
Increased nitrogen rates from 0 to 200 kg N/ha increased
agronomic efficiency of potassium from -0.59 and 0.04 to
6.67 and 1.26 at respective rates of potassium. While

increased potassium rates from 0 to 80 kg KxO/ha
reduced agronomic efficiency of potassium except at 0 kg
N/ha. The negative value indicates that immobilization
(microbial and/or chemical) exceeded the mineralization,
resulting in less net mineralization.

Increased nitrogen rates from 100 to 200 kg N/ha
reduced estimated apparent nutrient recovery of nitrogen
derived from the N uptake by harvested shoots and the
fertilizer N applied from 0.043 and 0.037 to 0.015 and
0.019 at respective rates of potassium except at 80 kg
KoO/ha. Increased nitrogen rates from 0 to 200 kg N/ha
increased apparent nutrient recovery of potassium from -
0.15 and -0.02 to 0.06 and 0.03 at respective rates of
potassium except at 200 kg N/ha and 80 kg K>O/ha.

While increased potassium rates from 0 to 80 kg KoO/ha
reduced apparent nutrient recovery of nitrogen and
potassium. Regardless of treatment, the low percentages
(Apparent Nutrient Recovery) of N indicate that the N
nutrient recovery by tea clone TRFK 11-4 on Kangaita
was low.

Increased nitrogen rates from 100 to 200 kg N/ha
reduced partial factor productivity of nitrogen from 13.69,
14.11 and 13.71 to 8.39, 8.06 and 7.46 at respective
rates of potassium. Increased nitrogen rates from 0 to
200 kg N/ha increased partial factor productivity of
potassium from 43.17 and 23.98 to 49.84 and 25.24 at
respective rates of potassium. While increased potassium

rates from 0 to 80 kg KoO/ha had varied effect on partial
factor productivity at 100 kg N/ha but reduced the partial
factor productivity for nitrogen at 200 kg N/ha and for
potassium.

In many cases, ample amounts of fertilizer especially
nitrogenous, which are more than the crop requires, are
applied in the field. Even so, the amount of nitrogen
absorbed by the plant may still be insufficient for the crop
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to attain its yield potential, because of low efficiency of
absorption. Low nutrient uptake and low apparent nutrient
recovery efficiency in such cases is caused by the
unfavorable condition of the plants or the soil, rather than
by the nitrogen supply. The soil-plant system
inefficiencies prevent complete utilization of the nitrogen,
leaving residual in the soil, which is a waste of natural
resources and cause for environmental concern. Because
chemical fertilizers are used without regard for how they
fit into the ecosystem, they are used inefficiently.
Typically 25 to 50% of the applied compounds are likely
to be taken up by the crop, even when efficiencies are
high. Much of the extra is likely to end up as pollution.
Thus, the inefficiency and pollution by chemical fertilizers
results from the fact that these compounds fail to fit into
soil nutrient recycling.

Ranganathan (1981a) showed that the efficiency of
fertilizer applied K decreased with increasing yields
probably because of limitation of transport processes
within soil. At high yield levels especially during the peak
growing seasons, the K demand is very high. The
demand can possibly be met by increasing the K*
concentration in the soil solution, thereby effectively
facilitating the diffusion process (Ranganathan et al.,
1985).

Low K use efficiency often happens as the result of soil
K leaching losses, especially in the subtropical
environment. At the presence of N, K leaching is
decreased because that N increases K uptake by plants
(Tung et al., 2009). When urea is applied to a soil, it is
hydrolyzed to ammonium carbonate. In carbonate-
bearing soil, the acid produced by nitrification of
ammonium carbonate gives rise to an increase in
concentration of Ca“" and Mg " in the soil solution, which

could exchange with other cations, including K.
Therefore, application of urea to agricultural soils leads to
increase K* leaching (Kolahchi and Jalali, 2007). If the
efficiency of N and K fertilizers in tea fields is increased,
the environmental problems of soil acidification, water
contamination, and N2O emission in Kenya's tea-growing
regions would be solved gradually.

Conclusion

Increased nitrogen rates increased agronomic efficien-
cies of nitrogen and potassium, apparent nutrient
recovery of potassium and partial factor productivity of
potassium but generally reduced estimated apparent
nutrient recovery of nitrogen derived from the N uptake by
harvested shoots and partial factor productivity of
nitrogen at respective rates of potassium. Increased
potassium rates reduced apparent nutrient recovery of
nitrogen and potassium.
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