Research Article

International Journal of Tea Science
Vol. 10 (3&4), 2014

Effects of location of production, nitrogenous fertilizer rates and
plucking intervals on tea clone TRFK 6/8 tea in East AFRICA:

I1. Mature leaf nutrients

Bowa O. Kwach,” David M. Kamau,’ Solomon W. Msomba,*
Christine Muhoza“ and Philip O. Owuor*

“Department of Chemistry, Maseno University, PO. Box 333-40105, Maseno, Kenya
Department of Chemistry, Tea Research Foundation of Kenya, PO. Box 820-20200, Kericho, Kenya
“Tea Research Institute of Tanzania, PO. Box 2177, Dar es Salaam, Tanzania
“National Agricultural Export Development Board (NAEB), PO. Box 104, Kigali, Rwanda

ABSTRACT: Due to high demand for tea beverages, Camellia sinensis is grown under diverse climatic conditions. The demand
has led to development of high yielding clones which require high nutrients amounts usually lost through continuous cropping,
leaching and surface runoff due to which it is very important to replenish these nutrients through the application of fertilizers.
Tissue analysis is the reliable way to predict nutritional status leading to time migitation through supplementation of nutrients
through fertilizer. To guide fertilizer requirements in East Africa, first mature leaf type analysis is done and the same analysis
was adopted for clonal tea. It is not known, the standard set for the seedling tea are relevant for clonal tea and how the levels
are influenced by nitrogen fertilizer rates or plucking intervals in different locations. This study assessed effects of location of
production, nitrogen rates and plucking intervals on mature leaf nutrients of clone TRFK 6/8, the most widely cultivated cultivar
in East Africa. The trials were set up in Kenya, Tanzania and Rwanda, as factorial two in randomized complete block design
at each site. Leaf N, P, K, Ca, Mg, Mn, Zn, Cu and Fe were determined using standard methods. All nutrients significantly
(P<0.05) varied with locations. At all locations leaf N increased (P<0.05) while K, Mg and Ca declined (P<0.05) with increase
in nitrogen rates. Plucking intervals did not influence leaf nutrient levels. The nutrients levels did not match those set for seedling
tea even when nutrients were supplied adequately. Diagnostic limits set for seedling tea may therefore not be suitable for clone
TRFK 6/8, hence there is need to develop region specific tissue analysis diagnostic norms for clonal tea. The responses to
applied nitrogen demonstrate that nitrogen deficiency can be managed through nitrogen fertiliser application. However, such
applications trigger decline in potassium levels in the leaf. The applications of the two nutrients should be staggered to increase
their uptake efficiency. Continuous application of high rates of nitrogenous fertilisers could cause deficiency of K, Ca, and Mg
while causing toxicity of Mn.
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Introduction

Camellia sinensis L. is an important commodity crop
commercially grown in many countries for processing
of various tea beverages. The tea growing areas fall in
several agro-ecological regions widely ranging in envi-
ronmental factors,! geographical locations,>* latitudes,
from 45°N (Russia) to 30°S (South Africa), and longi-
tudes, from 150°E (New Guinea) to 60°W (Argentina)’
and altitudes ranging from sea level in Japan to 2,700
m above mean sea level (amsl) in Olenguruone, Kenya
and Gisovu, Rwanda.® However, such differences affect
its growth and nutrients availability and uptake, leading
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to yields and quality variations. The tea beverages are
very popular and are claimed to be the most extensively
consumed fluids after water.”® The high demand for the
beverages has led to development of high yielding clonal
teas'® and agronomic methods to increase productivity.
With continuous cropping, the high yields together with
leaching, surface run off and fixation diminish the soil
nutrients supply, thus reducing plant growth and profit-
able yields." It therefore becomes imperative to replenish
the nutrients through fertiliser applications. Nitrogen (N),
phosphorous (P) and potassium (K) are the most critical
nutrients in the fertilization prograemme of tea.!! In East
Africa, application of NPK formulations at rates varying
from 100 to 250 kg N/ha/year are recommended,'>"* the
actual rate being determined by the previous production
such that higher yielding fields receive more fertiliser.
For proper growth, tea also requires magnesium
(Mg), calcium (Ca), manganese (Mn), zinc (Zn), copper
(Cu) and iron (Fe)!!. Cu is important in tea since low
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levels reduce fermentation during black tea processing
as polyphenol oxidase responsible for the process is a
copper-protein compound.'*'® It is therefore necessary to
supplement the availability of these nutrients to the plant
for sustainable continuous high production. Deficiency
of any of the nutrients reduces yields while copper
deficiency impairs black tea quality.

The plant is the best indicator of its nutrients sta-
tus and demand.!¢ For tea, tissue analysis can be used
to successfully predict the nutritional status'“'>!" lead-
ing to timely mitigation through nutrients supplemen-
tation in form of regular or remedial fertiliser applica-
tion.'>1 Use of tissue analysis has been advocated as a
reliable way of predicting possible deficiencies in tea
production'>1%18 to guide remedial applications of nutri-
ent elements so as to alleviate deficiencies and prevent
yield losses. Leaf of a defined age is necessary in tis-
sue analysis to diagnose deficiencies. Different countries
and regions use different types of leaves to predict the
tea bush nutritional status.'"'® For tea in East Africa,
the first mature leaf type analysis has been adopted for
tissue analysis advisory system to assess the problems
in nutrients management'>'""* and critical nutrients lev-
els set.”” The development of the method was however,
based on seedling tea.'” This has been adopted to guide
fertilizer application in clonal teas in Fast Africa with-
out evaluation in the new environments and on clonal
tea. However, most seedling tea plantations have been
replaced with high yielding and good quality tea. Indeed,
from mid 1970s, all new planting have used vegetatively
propagated clonal tea as they are predictable in terms of
yields and quality. In Kenya, for example, over 60% of
tea is now clonal 2’ The situation is not different in other
East African countries. Rwanda started growing tea in
the 1960s and over 90% of her tea is clonal. The clonal
teas, however, have different nutrients absorption abil-
ities?! from the soil and partitioning in the plant. Thus,
a clone like high yielding AHP S15/10,' grown in Ker-
icho did not accumulate above 3.5% mature leaf nitro-
gen even after receiving 600 kg N/ha/year”* considered
to be way above the recommended fertiliser level.? The

Table 1: Site locality and history

current leaf analysis system requires application of 150
kg N/ha/year to remedy nitrogen deficiency, 50 kg K O/
ha/year for potash deficiency and 50 kg P,O, to remedy
phosphate deficiency."

Clone TRFK 6/8 is the most widely grown cultivar in
East Africa accounting for about 80% Rwanda tea, 60%
of clonal tea in Kenya,?® and 35% to 40% in Tanzania. It
is not known if the recommended rates of N, P, K appli-
cations will remedy their deficiency in all tea growing
regions. There is therefore need to evaluate how location
of production affect mature leaf nutrients of clonal tea in
East Africa. This trial evaluated the mature leaf nutrients
response of clone TRFK 6/8 to different rates on nitrog-
enous fertiliser and plucking intervals in different loca-
tions within East Africa. The purpose was to find out if
the recommended remedial application rates can lead to
recommended mature leaf diagnostic norms and if such
norms are influenced by plucking intervals.

Methodology

The trials were set up in three sites in Kenya (Timbilil
Estate (Upper Kericho); Changoi Estate (Lower Ker-
icho), and Sotik Tea Company (Arroket); two sites in
Rwanda (Kitabi and Mulindi Estates); and three sites in
Tanzania (Katoke Tea Estate and Maruku Agricultural
Research Institute (Kagera Region), Ngwazi Tea Estate
(Mufindi District) all in the Lake Victoria basin, except
for the trial in Ngwazi Tea Estate which in southern
Tanzania, the main tea growing region in Tanzania. The
details of the sites are presented in Table 1.

The sites for the trial were carefully selected such
that although the plants were at different ages, all the
sites had mature tea of clone TRFK 6/8. Tea at each site
was pruned between April and August 2008 so that all
plants were in same pruning cycle life. Subsequently
the plots were demarcated and uniformity test recording
were conducted between July and September. First
experimental treatments commenced in September/
October 2008, depending on when there was adequate
soil moisture at different sites in the respective countries.
In subsequent years, the trials received fertilizers in

Country Kenya Tanzania Rwanda

Site Timbilil Changoi Sotik Ngwazi Maruku Katoke Kitabi  Mulindi

Altitude (m) 2180 1860 1800 1840 1488 1217 2231 1800

Latitude Longitude  (°22°S 0°30’S  (°36’S 8°32’S 1°23'S 1°36¢’S  2°32’S 1°27°S
352I’E 35°13’E 35°04°E - 35°10'E 31°45'E  31°41'E  2926’E  30°1’E

Year planted 1986 1974 1972 1994 1972 1993 1995 1994

Last prune date 2007 2007 2008 2008 2007 2007 2008 2008
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September/October in single annual dose. At each site, a
5 by 3 factorial experiment was laid out in a randomized
complete block design and replicated 3 times. The main
treatments were the 8 sites with nitrogen rates (0, 75,
150, 225 and 300 kg N ha' year' as NPKS 25:5:5:5)
as a sub treatment and plucking frequency (7, 14 and
21 days intervals) the sub-sub treatment. A sub-sub plot
comprises of 30 bushes of clone TRFK 6/8. The trials
are analyzed as 5 by 3 factorial split design for the 8
Jocations.

Mature leaf samples (100gm) were sampled from
each plot and oven dried at 80°C. Sampling was done
during wet and cold period when water was not expected
to limit nutrients uptake (April 2010). The dried leaves
from each plot were milled to powdery form. A portion of
the milled sample (0.5gm) was ashed for analysis of Ca,
Mg, Mn, Zn, Cu and Fe using atomic absorption spectro-
photometer (AAS), UV-Vis analysis of P and flame pho-
tometer analysis of K as outlined in earlier studies.**
A further 1gm of the milled samples was digested for
micro-Kjeldahl N analysis.?2%

Results and Discussion

The nutrients norms set in diagnostic tissue analysis
advisory system in East Africa for seedling tea'>!"!° is
presented in Table 2. The limit levels were set for N, P. K,
Mg and Zn. Whereas deficiencies of the other nutrients
also limit production; their critical levels have not been
set. Setting their levels require collection of more data to
understand how their uptake are influenced by biotic and
abiotic factors. Indeed, in a recent study,? these nutri-
ents varied in different clones and even in the same clone
grown in different locations. Variations in the most crit-
ical nutrients in the fertilization programme of tea N, P
and K are presented in Tables 3, 4 and 5 respectively.
There were significant (P < 0.05) variations in all the
three nutrients with locations and nitrogenous fertilizer
rates at all locations. Similar variations due to location
of due to location had been observed in clones receiving
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same agronomic inputs.?! Thus different regions require
different NPK fertilizer application regime to realize
equal leaf nutrients status. Increase in nitrogen rates sig-
nificantly (P < 0.05) increased leaf N in mature leaf lev-
els at all sites. This shows that nitrogen deficiency can be
corrected by applying nitrogen fertilizer and this has also
been shown in previous studies in Kenya conducted at
single sites.?>*>?” Mature leaf nitrogen level below 3.0%
is considered deficient while level below 3.5% is mildly
deficient for seedling tea.'>!”!* For mean site data, there
was what could be considered mild N deficiency up to 75
kg N/ha/year in Changoi and at control in Timbilil (Table
3). Indeed these two sites had the lowest mean N levels.
However, despite the low levels the sites recorded higher
(P <0.05) yields than sites with high mature leaf N lev-
els.”® Indeed even without application of nitrogen (con-
trol) the mature leaf nutrients levels at Sotik, Ngwazi,
Maruku, Katoke, Kitabi, and Mulindi were at levels
considered adequately supplied despite the fact that at
the time of sampling in 2010, the control plots had been
without fertiliser application for three years. Similar to
results from different clones receiving same agronomic
inputs,”' these results demonstrate that norms of nitro-
gen levels set for seedling tea may not be applicable on
clonal tea and at different locations. There were signifi-
cant interactions except site x N-rate which-may be an
indicating that the observed variations did not follow the
same pattern. These results indicate that the mature leaf
nitrogen norms set for seedling tea are not appropriate
for clonal tea, especially in the different locations. Har-
vesting intervals however, did not influence mature leaf
nitrogen levels.

Increasing rates of nitrogenous fertiliser had vary-
ing influences on mature leaf P at different sites. At
Changoi, Sotik, Timbilil, Ngwazi, Kitabi and Mulindji,
there were no significant changes in mature leaf P with
higher rates on nitrogenous fertiliser despite the fact that
the compound nitrogenous fertiliser used also contained
P. Increase in N rates therefore automatically increased

Table 2: Critical levels of nutrients in the uppermost mature tea leaf

in East Africa

Nutrient Deficient Borderline Adequate
Nitrogen Below 3.0% 3.0t03,5% Above 3.5%
Phosphorous Below 0.15% 0.15t00.17% Above 0.17%
Potassium Below 1.20% 1.20 to 1.50% Above 1.50%
Magnesium Below 0.10% 0.10t0 0.13% Above 0.13%
Zinc Below 10 ppm

Source: Owuor and Wanyoko, 1983
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Table 3: Variations in mature leaf N (%) levels of TRFK 6/8 with location, N rates and plucking frequency

Site (S) Plucking N-rates (N) in kg N/ha/yr PF mean Site C.V. %
Frequency o 75 150 225 300 Mean
(PF) (days)
Changoi 7 297 348 361 387 352 3.49
14 345 358 355 375 359 3.58 3.53 490
21 336 331 322 334 435 3.52
Mean N-rate 326 346 346 365 382
LSD, P <0.05 0.23 NS
Sotik 7 336 378 333 385 354 3.57
14 388 3.67 388 338 395 3.75 3.70 4.57
21 364 344 385 405 395 3.78
Mean N-rate 362 363 368 376 381
LSD, P <0.05 NS 0.27
Timbilil 7 333 355 367 344 359 3.52
14 343 346 358 376 3.62 3.57 3.56 3.05
21 366 356 341 3.60 374 3.59
Mean N-rate 347 352 355 360 3.65
LSD,P<0.05 0.14 NS
Ngwazi 7 492 469 474 482 484 4.80
14 455 466 471 463 472 4.65 4.73 3.09
21 455 468 468 493 480 4.73
Mean N-rate 467 469 471 479 4.79
LSD, P <0.05 NS NS
Maruku 7 426 432 428 451 429 4.33
14 418 427 431 425 464 433 4.34 3.07
21 434 426 436 446 436 4.36
Mean N-rate 426 428 432 441 443
LSD, P <0.05 0.17 NS
Katoke 7 488 511 527 528 551 521
14 501 477 511, 498 5.16 5.00 5.07 3.33
21 481 526 485 508 503 5.01
Mean N-rate 490 505 508 511 523
LSD, P <0.05 0.22 NS
Kitabi 7 416 423 428 433 448 4.30
14 415 424 427 432 444 4.28 3.24
21 416 423 429 434 447 4.30 4.29
Mean N-rate 416 424 428 433 446
LSD, P <0.05 0.21 NS
Mulindi 7 413 437 440 448 463 440
14 4.10 437 439 450 461 4.39 3.46
21 4.15 437 443 448 4.62 4.41 4.40
Mean N-rate 412 437 441 449 4.62
LSD, P <0.05 0.19 NS
All 8 sites means 400 419 420 432 430 4.20
4.09 413 423 420 434 4.20 . 3.86
408 414 414 429 442 4.21
Mean N-rate 406 415 419 427 435
LSD, P <0.05 0.09 NS 0.09

Interactions*: SxPF = 0.13, NxPF = 0.12, SxXNxPF = (.26, NS= not significant
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Table 4: Variations in mature leaf P (%) levels of TRFK 6/8 with location, N rates and plucking Frequency ‘

Site (S) Plucking N-rates (N) in kg N/ha/yr PF Site C.V.%
Frequency (PF) 0 15 150 225 300 Mean mean
(days)
Changoi 7 022 027 026 026 023 0.25
14 025 022 027 023 0.22 0.24 0.24 8.19
21 0.23 024 022 022 022 0.23
Mean N-rate 0.23 0.24 0.25 0.24 0.22
LSD, P <0.05 NS NS
Sotik 7 0.18 019 0.19. 0.19 0.18 0.19
14 0.18 022 019 020 0.16 0.19 0.19 8.62
21 020 019 020 0.18 021 0.20
Mean N-rate 0.18 020 019 019 0.18
LSD,P<0.05 NS NS
Timbilil 7 018 019 019 017 0.17 0.18
14 0.18 0.18 0.18 0.19 0.18 0.18 0.18 8.80
21 0.18 017 019 019 0.16 0.18
Mean N-rate 018 018 019 018 0.17
LSD, P <0.05 NS NS
Ngwazi 7 032 031 0.33 033 030 0.32
14 036 031 034 031 031 0.33 0.32 496
21 029 033 032 031 0.30 0.31
Mean N-rate 032 032 0.33 032 030
LSD,P <0.05 NS 0.02
Maruku 7 036 029 034 027 022 0.30
14 025 026 032 032 027 0.28 029 . 5.69
21 024 032 027 031 0.24 0.28
Mean N-rate 028 029 031 030 024
LSD, P <0.05 0.02 NS
Katoke 7 028 036 033 031 0.30 0.32
14 022 033 034 030 024 0.29 0.30 6.89
21 026 032 027 029 024 0.28
Mean N-rate 0.25 0.34 0.31 0.31 0.26
LSD, P<0.05 0.02 0.03
Kitabi 7 020 023 020 020 0.18 0.20
14 023 019 0.21 020 0.19 0.21 0.21 9.30
- 21 020 022 021 0.21 0.20 0.21
Mean N-rate 0.21 0.21 0.21 020 0.19
LSD, P <0.05 NS NS
Mulindi 7 019 018 0.21 0.18 0.18 0.19
14 019 020 017 018 0.15 0.18 0.19 . 8.06
21 0.18 0.21 0.21 020 0.19 0.20
Mean N-rate 0.20 0.19 0.19 0.17
LSD, P<0.05 NS NS
All 8 sites means 7 024 025 026 024 022 0.24
14 023 024 025 024 022 0.24 7.46
21 022 025 038 024 022 0.23
Mean N rate 0.23 0.25 0.25 0.24 0.22
LSD, P <0.05 0.01 0.01 0.01

Interactions: SxN = 0.02, SxPF = 0.01, NxPF = 0.01, SxXNxPF = 0.03; NS = Not significant
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Table 5: Variations in mature leaf K levels (%) of TRFK 6/8 with location, N rates and plucking frequency

N-rates (N) in kg N/ha/yr

Plucking .
Site (S) Frequency 0 75 150 225 300 1\/}2 l:m l\i::t:n C.V.%
(PF) (days)

Changoi 7 1.43 1.82 1.62 1.70 1.59 163
14 1.47 1.61 1.88 1.61 1.51 1.62 1.61 227
21 1.43 1.68 1.52 1.69 1.62 1.59

Mean N-rate 1.44 1.70 1.67 1.67 1.57

LSD, P <0.05 0.05 NS

Sotik 7 1.81 1.62 1.72 1.52 1.62 1.66
14 1.67 1.69 1.62 1.55 1.55 1.62 1.62 2.86
21 1.70 1.56 1.54 1.65 1.46 1.58

Mean N-rate 1.72 1.62 1.62 1.58 1.54

LSD, P<0.05 0.06 NS

Timbilil 7 1.62 1.70 1.66 1.63 1.45 1.61
14 1.54 1.51 1.60 1.43 1.59 1.53 1.57 2.67
21 1.65 1.53 1.46 1.61 1.61 1.57

Mean N-rate 1.60 1.58 1.57 1.56 1.55

LSD,P<0.05 NS 0.07

Ngwazi 7 1.39 1.43 143 1.40 1.38 1.41
14 1.41 1.42 1.40 1.39 1.39 1.40 1.41 1.63
21 1.41 1.43 1.40 1.40 1.41 1.41

Mean N-rate 1.40 1.43 1.41 1.40 1.39

LSD,P<0.05 0.03 NS

Maruku 7 1.35 1.31 1.35 1.27 1.27 1.31
14 1.31 1.35 1.32 1.30 1.27 1.31 1.32 1.97
21 1.32 1.36 1.35 1.34 1.31 1.34

Mean N-rate 1.33 1.34 1.34 1.30 1.28

LSD, P <0.05 0.03 NS

Katoke 7 1.22 1.26 1.25 1.22 1.27 1.24
14 1.26 1.26 1.25 1.26 1.19 1.24 1.25 1.50
21 1.28 1.27 1.25 1.25 1.24 1.26

Mean N-rate 1.25 1.26 1.25 1.24 1.23

LSD,P<0.05 0.02 NS

Kitabi 7 1.26 1.26 1.26 1.22 1.22 1.24
14 1.22 1.26 1.23 1.23 1.22 1.23 1.23 1.29
21 1.25 1.24 1.21 1.23 1.22 1.23

Mean N-rate 1.24 1.25 1.23 1.23 1.22

LSD, P <0.05 0.02 NS

Mulindi 7 1.22 1.22 1.22 1.21 1.19 1.21
14 1.19 1.22 1.21 1.19 1.20 1.20 1.21 1.26
21 1.27 1.24 1.21 1.20 1.19 1.22

Mean N-rate 1.23 1.22 1.21 1.20 1.19

LSD,P<0.05 0.02 NS

All 8 sites means 7 1.41 1.45 1.44 1.40 1.37 1.42
14 1.38 1.42 1.44 1.37 1.37 1.40 221
21 1.41 1.41 1.37 1.42 1.38 1.40

Mean N-rate 1.40 1.43 1.42 1.40 1.37

LSD, P <0.05 0.01 0.02

Interactions: SxN = 0.03, SxPF = 0.02, NxPF = 0.02, SxXNxPF = 0.05, NS = Not significant
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the amount of P applied. But at Katoke and Maruku there
was significant (P < 0.05) response in mature leaf P to
nitrogenous fertiliser application. The response how-
ever, appeared quadratic with low levels at control and
at the highest nitrogen rate. That trend was repeated for
the mean data for all locations. The increase observed is
attributed to the additional P applied in the nitrogenous
fertiliser. However, the data from Katoke and Maruku
were at variance with previous data from Kericho, where
application of high rates of nitrogenous fertiliser reduced
mature leaf P levels.”?* The decline at the highest nitrog-
enous fertiliser level could be due to soil pH reduction*
causing phosphorous fixation in the soil. The data from
Katoke and Maruku suggest that in some locations within
East Africa, uptake of P can be improved by application
of nitrogenous fertiliser containing the nutrient. Such
responses are limited to not more that 225 kg N/ha/year.
Beyond this, extra nitrogen fixed P making it unavail-
able. It may be necessary to do soil analysis to establish
how these nutrients interact in the soils where there were
responses and to establish if the responses were influ-
enced by the soil acidity levels. Like nitrogen, there were
significant variations in mature leaf mean P with loca-
tions (Tables 4), demonstrating the supply and absorp-
tion status of the nutrients are influenced by varying
environmental factors. In all areas the levels were above
those considered deficient for seedling tea.'?!”!* Even
where fertiliser had not been applied, the levels were
higher than the deficient limit level. The results imply
that either these soils were well supplied with the nutri-
ent or the recommended levels for seedling tea are not
suitable for clonal tea, and that different locations need
specific guideline to guide the nutrient application. There
were significant interactions between locations and nitro-
gen rates indicating that the observed variations were
unique and did not follow same pattern. These results
suggest that seedling tea norms set for this nutrient do
not seem to apply to clone TRFK 6/8 at all locations.
There was no response on mature leaf phosphorus levels
to plucking frequency except at Ngwazi and Katoke and
in all site means. It is unclear what caused this difference
since analysed leaf was of the same age.

The amounts of leaf K monitored at all sites support
the early observations® that East African soils are rich in
the nutrient and there is little likelihood of obtaining tea
yield response to the nutrient.3*3' Although there were no
significant variations (P < 0.05) in mature leaf potassium
levels with increasing rates of nitrogenous (Table 5), the
general trend was that there was decline in clone TRFK
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6/8 K levels. This was despite the concurrent increase in
applied K with increase in nitrogenous fertiliser rates in
the fertiliser formulation used. The decrease in mature
leaf K with rise in nitrogenous fertiliser can be attributed
to leaching triggered by excess ammonium ions in the
NPK fertiliser.* The ionic size of potassium cation (K*)
(1.33A) and ammonium ion (NH,") (1.43A) are very
similar.** Excess ammonium ions in the soil therefore
triggers off replacement of potassium cations in the soil
exchange sites, causing potassium leaching. This causes
antagonistic soil availability relationship between N
and K in the soils.**** These results suggest that appli-
cation of K and N may need to be staggered so that at
any time there is only availability of one of the nutrients.
Such applications can be staggered by at least 3 months
for a perennial crop like tea. There were no significant
responses in mature leaf K to intervals of harvesting,
except at Mulindi, and in all sites means. However, the
response appeared sporadic. There were significant (P <
0.05) interactions effects between locations and nitrogen
rates and locations and plucking intervals, demonstrating
that extents of the responses varied with site. This indi-
cates that factors controlling the absorption of nutrients
were varied from site to site.

Mature leaf Mg levels of clone TRFK 6/8 signifi-
cantly (P < 0.05) changed with location of production
(Table 6). The levels were particularly low at Katoke
and Kitabi, where the levels were equivalent to border-
line levels for seedling tea.'>'” In other areas, the lev-
els were equivalent to adequate supply. At all locations,
the clone TRFK 6/8 mature leaf mg levels declined with
increase in nitrogenous fertiliser rates (Table 6) and this
reached significant levels at Timbilil, Maruku, Katoke
and Kitabi. Similar decline in mature leaf Mg with
increase in nitrogenous fertiliser rates had been observed
in earlier studies.?*?63%37 Indeed, Kamau® argued that as
long as tea fields are well nourished with NPK, responses
to magnesium in acid tea soils are unlikely. The signifi-
cant interactions indicate that the leaf Mg variations did
not follow same pattern. The magnesium levels did not
change due to plucking intervals except at Maruku.

The zinc levels (Table 7) were much higher than the
set limits levels for seedling tea in Kericho'>''*. This is
despite the fact that the fields on which these trials were
set up had been subjected to foliar zinc application as rec-
ommended when there is deficiency.'? Thus, the set limits
set for seedling tea seem inappropriate for clone TRFK
6/8 at all locations in East Africa. There were signifi-
cant (P < 0.05) differences in mature leaf Zn levels with
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Table 6: Variations in mature leaf Mg levels (%) of TRFK 6/8 with location, N rates and plucking frequency

Site (S) Plucking N-rates (N) kg N/ha/yr PF Site C.V.%
Frequency mean Mean
(PF) (days) 0 75 150 225 300

Changoi 7 0.19 0.19 0.16 018  0.17 0.18
14 0.18 0.16 0.18 0.19 0.18 0.18 0.17 9.70
21 0.18 0.17 0.17 0.13 0.14 0.16

Mean N-rate 0.18 0.17 0.17 0.17 0.16

LSD, P <0.05 NS NS

Sotik 7 0.17 0.19 0.18 0.19 0.19 0.18
14 0.17 0.17 0.19 0.16 0.17 0.17 0.18 11.23
21 0.21 0.17 0.16 0.17 0.16 0.18

Mean N-rate 0.18 0.18 0.18 0.17 0.17

LSD,P <0.05 NS NS

Timbilil 7 0.20 0.17 0.17 0.11 0.16
14 0.19 0.13 0.19 0.15 0.13 0.16 0.17 13.03
21 0.13 0.17 0.20 0.15 0.16 0.16

Mean N-rate 0.18 0.16 0.17 0.16 0.13

LSD, P <0.05 0.03 NS

Ngwazi 7 0.20 0.25 0.21 0.22 0.22 0.22
14 0.21 0.20 0.23 0.20 021 0.21 0.21 7.73
21 0.20 0.20 0.20 0.21 0.21 0.20

Mean N-rate 0.21 0.22 0.21 0.21 0.22

LSD,P<0.05 NS NS

Maruku 7 0.15 0.11 0.11 0.12 0.13 0.13
14 0.14 0.16 0.13 0.13 0.14 0.14 0.14 10.19
21 0.19 0.15 0.15 0.15 0.13 0.15

Mean N-rate 0.16 0.14 0.13 0.13 0.13

LSD, P <0.05 0.02 0.02

Katoke 7 0.10 0.13 0.09 0.10 0.07 0.10
14 0.13 0.12 0.14 0.09 0.08 0.11 0.11 13.39
21 0.15 0.10 0.10 0.10 0.12 0.11

Mean N-rate 0.13 0.12 0.11 0.10 0.09

LSD, P <0.05 0.02 NS

Kitabi 7 0.12 0.09 0.10 0.11 0.11
14 0.12 0.10 0.11 0.10 0.10 0.11 11.77

0.11

21 0.11 0.11 0.10 0.10 0.10 0.10

Mean N-rate 0.12 0.10 0.11 0.10 0.10

LSD, P <0.05 0.02 NS

Mulindi 7 0.14 0.15 0.17 0.15 0.15 0.15
14 0.18 0.16 0.15 0.15 0.16 0.16 0.16 8.65
21 0.14 0.16 0.17 0.18 0.15 0.16

Mean N-rate 0.16 0.16 0.16 0.16 0.15

LSD,P<0.05 NS NS

All 8 sites means 7 0.16 0.16 0.15 0.15 0.14 0.15
14 0.17 0.15 0.17 0.15 0.15 0.16 10.71
21 0.16 0.15 0.16 0.15 0.15 0.15

Mean N-rate 0.16 0.16 0.15 0.15 0.15

LSD,P<0.05 0.01 NS

Interactions: SxN = 0.02, SxPF = 0.01, NxPF = 0.01, SxNxPF = 0.03, NS = Not significant
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Table 7: Variations in mature leaf Zn levels (ppm) of TRFK 6/8 with location, N rates and plucking frequency

Site (S) Plucking N-rates (N) kg N/ha/yr PF = Site(S) C.V.%
Frequency mean Mean
(PF) (days) 0 75 150 225 300

Changoi 7 16.00 16.00 19.67 20.67 19.67 18.4
14 16.00 18.00 17.00 19.33 19.67 18.00 1798 - 10.88
21 15.67 18.33 17.67 17.67 18.33 17.53

Mean N-rate 1589 17.44 18.11 19.22 19.22

LSD, P <0.05 2.56 NS

Sotik 7 19.00 21.67 20.67 28.00 31.33 24.13
14 18.00 20.00 21.00 27.67 28.00 22.93 23.62 7.59
21 18.67 21.00 2233 28.00 29.00 23.80

Mean N-rate 1856 20.89 21.33 27.89 29.44

LSD, P <0.05 ‘ 2.35 NS

Timbilil 7 21.33  21.00  20.33 22.67 23.00 21.67
14 22.00 21.00 2233 22.00 21.67 21.80 21.51 1.21
21 20.33 2033 2233 21.00 21.33 21.07

Mean N-rate 2122 2078  21.67 21.89 22.00

LSD, P<£0.05 1.21 NS

Ngwazi 7 29.00 2933  27.67 34.00 37.00 31.40
14 2933 3400 30.67 30.00 33.67 31.53 31.82 8.55
21 31.00 29.67 35.00 34.00 33.00 32.53

Mean N-rate 29.78  31.00 31.11 32.67 34.56

LSD,P<0.05 3.56 NS

Maruku 7 4433 4433  48.00 44.00 45.67 4527
14 4433 4467 42.00 45.00 46.00 4440 45.36 4.97
21 4533 4533  44.67 48.00 48.67 46.40

Mean N-rate 44.67 4478  44.89 45.67 46.78

LSD, P <0.05 NS NS

Katoke 7 38.00 4233 34.67 44.33 43.67 40.40
14 43.67 4000 46.00 42.33 45.00 43 .40 42.13 6.70
21 38.00 4033  46.33 43.00 45.33 42.60

Mean N-rate 39.89 40.89 4233 43.22 4433

LSD, P <0.05 3.69 4.44

Kitabi 7 2833 27.00 28.33 28.67 31.00 28.67
14 26.67 2933  28.67 30.00 29.33 28.80 28.49 5.10
21 26.33  27.67  29.00 27.33 29.67 28.00

Mean N-rate 27.11  28.00  28.67 28.67 30.00

LSD,P<0.05 1.90 NS

Mulindi 7 31.67 31.67 32.67 34.67 33.33 32.80
14 32.33 32,00 3233 32.33 33.67 32.53 3291 3.89
21 32.67 33.67 34.00 32.00 34.67 33.40

Mean N-rate 32,22 3244  33.00 33.00 33.89

LSD,P<0.05 NS . NS

All 8 sites means 7 28.46 29.17  29.00 32.13 33.08 30.34
14 29.04 29.88  30.00 31.08 32.13 30.43 6.74
21 28.50 29.54 3142 31.38 32.50 30.67

Mean N-rate 28.67 29.53 30.14 31.53 32.53

LSD, P <0.05 0.95 NS 1.02

Interactions: SxN = 1.98, SxPF = 1.61, NxPF = 1.37, SxNxPF = 3.39, NS = Not significant
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Table 8: Variations in mature leaf Ca levels (%) of TRFK 6/8 with location, N rates and plucking frequency

Site (S) Plucking N-rates (N) kg N/ha/yr PF Site C.V.%
Frequency mean  Mean
(PF) (days) 0 75 150 225 300

Changoi 7 1.15 124 1.09 1.04 0.92 1.09
14 1.18 .11 1.03 1.21 1.11 1.13 1.10 12.92
21 1.17 1.05 1.06 1.12 1.03 1.09 o

Mean N-rate 1.16 1.13  1.06 1.12 1.02

LSD, P <0.05 NS NS

Sotik 7 1.68 1.89 1.79 1.69 1.54 1.72
14 1.67 1.65 1.77 1.81 1.71 1.73 1.71 4.17
21 1.90 1.73 1.52 1.67 - 1.65 1.70

Mean N-rate 1.75 1.76 170 1.73 1.63

LSD, P <0.05 0.09 NS

Timbilil 7 0.89 073 084 0.80 073 080
14 0.79 0.81 082 074 0.70 0.77 0.81 4.94
21 096 098 068 0.83 0.84 0.86

Mean N-rate 0.88 0.84 0.80 0.79 0.76

LSD, P <0.05 0.04 NS

Ngwazi 7 0.38 041 041 041 043 041
14 0.39 041 041 0.43 041 041 0.40 6.01
21 0.38 040 042 042 042 041

Mean N-rate 0.38 040 041 0.42 042

LSD, P <0.05 0.05 NS

Maruku 7 0.21 027 022 0.6 0.17 021
14 0.21 0.17 019 021 0.21 0.20 0.20 6.08
21 0.28 0.16 0.17 0.19 0.13 0.19

Mean N-rate 0.24 020 0.19 0.19 0.17

LSD, P <0.05 0.02 0.02

Katoke 7 032 028 0.33 0.36 0.33 033
14 0.35 037 039 034 0.18 033 0.33 5.53
21 0.38 039 031 0.32 034 035

Mean N-rate 0.35 035 034 0.34 0.29

LSD,P <0.05 0.02 NS

Kitabi 7 0.46 054 032 035 032 040
14 0.37 049 041 0.34 027 038 0.42 6.25
21 0.54 039 058 047 036 047

Mean N-rate 0.46 047 044 039 0.32

LSD, P £0.05 0.03 0.04

Mulindi 7 0.71 063 068 062 0.59-  0.65
14 0.71 0.66 0.61 0.63 0.53 0.63 0.62 3.99
21 0.55 0.62  0.65 0.60 0.56  0.60

Mean N-rate 0.66 0.63  0.65 0.62 0.56

LSD, P <0.05 0.03 0.04

All 8 sites means 7 0.73 0.75 0.71 0.68 0.63 0.70
14 0.71 071 070 071 0.64 0.69 7.49
21 0.77 0.72 0.67 0.70 067 0.70

Mean N-rate 0.74 073 069 0.70 0.64

LSD, P £0.05 0.03 NS 0.03

Interactions: SxN = 0.06, SxPF = 0.05, NxPF = 0.04, SxNxPF = 0.10, NS = Not significant
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Table 9: Variations in mature leaf Mn levels (%) of TRFK 6/8 with location, N rates and plucking

frequency
Site (S) Plucking N-rates (N) kg N/Ha/yr PF Site CV.%
Frequency 0 75 150 225 300 mean Mean
(PF) (days)

Changoi 7 0.34 0.41 0.44 040 045 0.41
14 0.43 0.41 043 037 041 0.41 0.41 6.84
21 0.36 0.40 0.42 049 045 042

Mean N-rate 0.38 0.40 0.43 042 044

LSD,P <0.05 0.04 NS

Sotik 7 0.30 0.28 0.29 030 030 0.29
14 0.26 0.30 0.30 0.31 0.29 0.29 0.29 9.26
21 0.25 0.25 0.32 028 0.31 0.28

Mean N-rate 0.27 0.28 0.30 030  0.30

LSD, P <0.05 NS NS

Timbilil 7 0.23 0.27 0.24 026 025 0.25
14 0.24 0.24 0.22 027 024 0.24 0.25 8.62
21 0.25 0.26 0.21 025 027 0.25

Mean N-rate 0.24 0.25 0.23 026 0.26

L.SD, P <0.05 0.03 NS

Ngwazi 7 0.17 0.17 0.16 0.16 0.18 0.17
14 0.16 0.17 0.16 0.17  0.18 0.17 0.17 6.69
21 0.14 0.17 0.17 0.16 0.18 0.17

Mean N-rate 0.16 0.17 0.16 0.17 0.18

LSD, P<0.05 . 0.01 NS

Maruku 7 0.14 0.16 0.16 0.15 0.l6 0.15
14 0.11 0.15 0.15 0.14 0.15 0.14 0.15 9.75
21 0.14 0.15 0.13 0.14 0.16 0.15

Mean N-rate 0.13 0.15 0.15 0.14 0.16

LSD, P <0.05 0.02 NS

Katoke 7 0.13 0.13 0.13 0.16 0.15 0.14
14 0.14 0.15 0.14 0.15 0.17 0.15 0.15 9.74
21 0.13 0.16 0.12 0.15 0.16 0.15

Mean N-rate 0.14 0.15 0.13 0.16 0.16

LSD, P <0.05 ' - 0.02 NS

Kitabi 7 0.13 0.13 0.14 013 0.14 0.13
14 0.14 0.12 0.14 0.13  0.13 0.13 0.13 5.92
21 0.13 0.13 0.13 0.13 0.13 0.13

Mean N-rate 0.13 0.13 0.14 0.13 0.13

LSD,P<0.05 NS NS

Mulindi 7 0.19 0.21 0.21 021 0.23 0.21
14 0.26 0.22 0.18 020 021 0.22 0.21 7.75
21 0.18 0.20 0.21 021 023 0.20

Mean N-rate 0.21 0.21 0.20 021 022

LSD, P <0.05 NS NS

All 8 sites 7 0.20 0.22 0.22 022 023 0.22

means
14 0.22 0.22 022 022 022 0.22 8.88
21 0.20 0.22 0.21 023 0.24 0.22

Mean N-rate 0.21 0.22 0.22 0.22 0.23

LSD, P <0.05 0.01 NS 0.01

Interactions: SXxN = 0.02, SXPF = NS, NxPF = 0.01, SxNxPF = 0.03, NS = Not significant
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Table 10: Variations in mature leaf Cu levels (ppm) of TRFK 6/8 with location, N rates and plucking

frequency
Site (S) Plucking N-rates (kg N/ha/yr) PF Site C.V.%
Frequency 0 75 150 225 300 mean  Mean
(PF) (days)

Changoi 7 933 1067 11.67 1267 13.00 11.47
14 11.67 11.00 1033 1033 13.00 1127 1129 17.61
21 10.67 10.67 1133 1233 10.67 11.13

Mean N-rate 1056 10.78 1L.11 11.78 1222

LSD, P <0.05 2.60 NS

Sotik 7 933 1000 933 1033 10.67 9.93
14 9.33 9.00 10.00 10.00 1033 9.73 9.91 11.02
21 9.00 900 11.00 11.00 10.33 10.07

Mean N-rate 9.22 933 1011 1044 1044

LSD, P <0.05 1.43 NS

Timbilil 7 7.67 7.33 8.00 7.67  10.33 8.20
14 7.67 7.33 8.00 8.67 7.33 7.80 7.84 10.73
21 6.67 8.33 7.00 7.67 8.00 7.53

Mean N-rate 7.33 7.67 7.67 8.00 8.56

LSD, P <0.05 1.10 NS

Ngwazi 7 8.67 9.00 9.00 8.33 9.00 8.80
14 8.33 9.00  9.00 9.00 9.00 8.87 9.00 10.08
21 9.00 8.33 8.67 10.00 10.67 933

Mean N-rate 8.67 8.78 8.89 9.11 9.56

LSD, P <0.05 NS . NS

Maruku 7 17.67 19.00 1900 16.67 18.67 18.20
14 18.00 1733 17.00 20.00 20.00 18.47 18.56 6.68
21 18.67 1833 20.00 1967 18.33 19.00

Mean N-rate 18.11 18.22 18.67 1878 19.00

LSD,P<0.05 NS NS

Katoke 7 1533 1433 1500 13.00 14.67 14.47
14 13.00 13.00 1333 -14.67 15.00 13.80 14.20 7.97
21 1333 15.00 1400 15.00 14.33 14.33

Mean N-rate 13.89 14.11 14.11 1422 14.67

LSD, P <0.05 NS NS

Kitabi 7 800 10.67 9.33 8.67 12.67 9.87
14 1067 9.00 1533 13.00 11.67 11.93 11.07 13.69
21 10.67 12,00 8.00 13.67 12.67 11.40

Mean N-rate 978 1056 10.89 11.78 12.33

LSD, P <0.05 1.98 2.38

Mulindi 7 6.00 6.33 7.67 = 8.00 7.33 7.07
14 8.67 8.00 9.67 7.00 8.00 827 7.78 16.94
21 6.00 8.33 6.33 933  10.00 8.00

Mean N-rate 6.89 7.56 7.89 8.11 8.44

LSD, P <0.05 NS NS

All 8 sites 7 1025 1092 11.13 1067 12.04 11.00

means
14 1092 1046 11.58 11.58 11.79 11.27 12.97
21 10.50 1125 1079 1233 11.87 11.35

Mean N-rate 1056 10.88 11.17 11.53 1190

LSD, P <0.05 0.67 NS 0.72

Interactions: SxN = NS

» SxPF = 1.14, NxPF = 0.97, SxXNxPF = 2.40, NS = Not significant
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Table 11: Variations in mature leaf Fe levels (ppm) of TRFK 6/8 with location, N rates and plucking frequency

Site (S) Plucking N-rates (N) kg N/ha/yr PFmean Sitemean C.V.%
Frequency 0 75 150 225 300
(PF) (days)

Changoi 7 96.67 123.67 156.33 17233 185.00 146.80
14 102.00 109.00 147.33 142.67 190.00 138.20 141.82 6.99
21 97.33 110.67 159.67 154.00 180.67 140.47

Mean N-rate 98.67 11444 15444 15633 185.22

LSD, P<0.05 12.98 NS

Sotik 7 15133 145.67 148.67 156.67 176.67 155.80
14 145.67 157.00 158.00 162.67 167.00 158.07 155.11 6.85
21 13533 148.67 160.00 150.67 162.67 151.47

Mean N-rate 14411 15044 155.56 156.67 168.78

LSD, P <0.05 13.90 NS

Timbilil 7 154.67 179.00 185.67 181.33 201.67 180.47
14 161.67 177.33 181.67 188.33 182.67 178.33 180.04 6.04
21 174.67 183.00 178.33 182.67 188.00 181.33

Mean N-rate 163.67 179.78 181.89 184.11 190.78

LSD, P <0.05 14.24 NS

Ngwazi 7 7633  76.67 7433 77.67 87.67 78.53
14 7833 7867 8633 8933 8233 83.00 80.49 6.58
21 7333 7500 76.00 85.00 90.33 79.93

Mean N-rate 76.00 7678 78.89 84.00 86.78

LSD,P <0.05 6.93 NS

Maruku 7 7833 7533 87.00 80.33 88.33 81.87
14 8233 8133 80.00 8133 89.33 82.87 82.20 7.29
21 8433 8833 78.67 87.00 71.00 81.87

Mean N-rate 81.67 81.67 81.89 82.89 82.89

LSD, P <0.05 NS NS

Katoke 7 134.00 146.00 145.00 132.33 140.67 139.60
14 128.00 127.67 128.33 133.67 136.00 130.73 135.31 4.69
21 136.67 130.00 131.00 139.00 141.33 135.60

Mean N-rate 132.89 134.56 134.78 135.00 139.33

LSD,P <0.05 NS 9.97

Kitabi 7 129.33  127.00 162.67 166.67 184.33 154.00
14 161.00 164.67 142.33 195.33 190.67 170.80 156.18 4.33
21 138.33  140.33 165.33 130.67 144.00 143.73

Mean N-rate 142.89 144.00 156.78 164.22 173.00

LSD, P <0.05 8.85 NS

Mulindi 7 7733  71.00 79.00 9333 100.00 84.13
14 7533 102.00 99.33 8933  88.00 90.80 87.58 7.56
21 68.33 9133 87.67 87.00 104.67 87.80

Mean N-rate 73.67 88.11 8867 89.89 9756

LSD, P <0.05 8.67 NS

All 8 sites 7 11225 118.04 129.83 132.58 145.54 127.65

means
14 11679 12471 127.92 13521 140.75 129.10 6.88
21 113.54 12092 129.58 127.00 135.33 125.28

Mean N-rate 11419 121.22 129.11 131.64 140.54

LSD, P <0.05 4.05 NS 437

Interactions: SxN = 8.46, SxPF = 6.87, NxPF = 5.84, SxXNxPF = 14.46, NS = Not significant
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location of production, possibly demonstrating the zinc
reserves in the soils were widely varying with locations
and/or environmental factors controlling zinc absorption
were not constant in different locations. These tea areas
were unlikely to suffer from zinc deficiency. Generally,
increasing rates of nitrogenous fertiliser application
increased the mature leaf zinc levels, reaching significant
(P < 0.05) levels at all locations except at Maruku and
Katoke. The significant (P < 0.05) interactions between
nitrogen rates and locations suggested that patterns of
changes in mature leaf Zn levels were different from
location to location. However plucking intervals had no
significant influence on mature leaf zinc levels in clone
TRFK 6/8 mature leaf.

Diagnostic mature leaf limit levels for Ca, Mn, Cu
and Fe have not been set. However, these nutrients are
beneficial to proper growth of plants. The changes in
these nutrients with locations, nitrogenous fertiliser rates
and plucking intervals are presented in Tables §, 9, 10
and 11, respectively. All the mature leaf contents of these
nutrients changed (P < 0.05) with location of production,
further emphasising how the nutrients reserves in the
soils are variable. Similar data were recently recorded on
clones grown in different locations?' and nitrogen rates’
in Kenya. Ca and Mn levels in mature leaf more than
doubled their variations. While Ca levels declined (P <
0.05), the levels of Mn, Cu, and Fe increased (P < 0.05)
with rise in nitrogenous fertiliser rates at all sites. Similar
results for Ca had been observed in earlier studies. 2637341
These patterns follow closely those observed in the soils
where available soil Ca levels decline® " while Mn lev-
els rise.*3137 There were significant interactions effects,
except site and plucking frequency for Mn and site and
N-rate for Cu indicating differences in patterns of change
in the observed variations of mature leaf C, Mn, Cu and
Fe. Generally, the mature leaf Ca, Mn, Cu and Fe were
not influenced by harvesting intervals.

In conclusion, the amount of mature leaf nutrients
significantly (P < 0.05) varied with location of produc-
tion (Tables 3-11). The results indicate that due to vari-
ations in environmental factors at the sites, even with
application of the same agronomic inputs, the level of
the nutrients will be different. This in part could be due
to variations in the levels of micronutrients in the soils at
different locations, especially for the nutrients not sup-
plied and/or due to past agronomic inputs in the fields.
Such observation requires soil analytical data to confirm.
There were large variations in the mean values for sites
for N, K, Ca, Mn, Zn, Cu and Fe. These large variations
maybe the cause in part of the variations in yields;?*
quality®* and quality precursors** of clonal tea due

to locations observed in the past. These results further
reveal that the nutrients norms set even in a single culti-
var may vary with location.

The results presented herein demonstrate that diag-
nostic limits set for seedling tea may not be suitable for
clone TRFK 6/8. There is therefore need to develop tissue
analysis diagnostic norms for clonal tea. Deficiency of
nitrogen can be conveniently cured through application
of nitrogen fertiliser as there is response in mature leaf to
nitrogen application. However, such application triggers
decline in potassium levels in the leaf. The application of
the two nutrients need to be staggered in East Africa so
that at any time the plant is exposed to only one nutrient
in high amounts. Continuous application of high rates of
nitrogenous fertilisers could trigger deficiency of K, Ca,
and Mg while causing toxicity of Mn. Plucking intervals
had minimal effects on mature leaf nutrients.
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