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About 60% of the world’s sucrose comes from sugarcane (Saccharum officinarum L.). In
Kenya, sugar is produced exclusively from sugarcane grown in the Nyanza, part of the Rift
Valley the Western Kenya sugar belts and Kwale County at the Coast. Production in Kenya
has declined despite increased area under cane and introduction of high yielding varieties. The
yields continue to decline possibly due to use of agronomic inputs recommended for old
varieties which may be inappropriate for these elite varieties. Optimal nutrients, especially
nitrogen and potassium fertilization have not been established for the new varieties. The
Kenya Sugar Industry is changing the policy to pay farmers on sucrose content of cane.
However influence of nitrogen and potassium fertilization on sucrose content of the new
varieties is unknown. This research was conducted to establish the variations of growth
parameters, yield and cane quality due to varieties, nitrogen and potassium fertilizer. The
experimental design was split- split plot with four replications of three varieties CO 421
(control), KEN 83-737 and KEN 82-472 as main plots, four nitrogen rates (0, 50, 100,150 Kg
N/ha) as sub plots and two potassium rates (0, 100 Kg K50/ ha) as sub-sub plots. There was
significant (p<0.05) difference due to varieties in tillers from 4 months after planting (MAP)
and girth from 14 MAP and height from12 MAP. CO 421 yielded significant higher (p<0.05)
than the other varieties followed by KEN 83-737. All varieties yielded higher than the yields
recorded in commercial scale suggesting, improper application of other inputs may be
responsible for the observed low commercial yields. Stalk height from 12 MAP and girth
from14 MAP were significantly correlated with yield, (R-squared =0.59 and 0.66 respectively)
suggesting that these parameters can be used as yield predictors. Nitrogen continued to
increase growth parameters, yield and quality beyond 150Kg N /ha suggesting the need to
establish whether the recommended fertilizer rates are optimal and include potassium for
improved productivity in new varieties. There was significance response in yields to potash of
the KEN varieties but not CO 421, confirming that these new varieties would benefit from its
application. There was varietal difference in leaf nutrient content with age of the plant
suggesting that for advisory purposes sampling time must clearly be defined. Commercial
Cane Sugar (CCS %) of varieties was different, CO 421 had significantly (p<0.05) higher
CCS% than the new varieties, showing that it may still be a potential variety for payment on
Sucrose. pol% levels reached maximum at 16 MAP for, KEN 8KEN 83-737 and KEN 82-472
demonstrating that new varieties should be harvested at 16 MAP for realization of high sugar
output. These outcomes will establish nutrients diagnostic guide, N and K rates and optimal
harvesting time that will guarantee better quality and yield for new sugarcane varieties.
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NTRODUCTION
ckground information <

-

sarcane (Saccharum officinarum L.) is an important and highly priced field crop in the
‘,‘contributing to the world economy as food, fodder, fibre, fuel and fertilizer (Lingle
000). In Kenya sugar is produced exclusively from sugarcane grown in the Nyanza
l , Nyando and Kisumu Districts), parts of Rift Valley counties (Kericho and Nandi
inties) Western Kenya (Mumias, Butere, Bungoma and Busia Counties) and Mombasa

vale County. These zones contrast sharply with other sugarcane growing zones in the

48,000 ha in 2006 to 204,000 ha in 2012 (Figure 1 KSB, 2012). This expansion is
ted to the small-scale farmers opening up new land for sugarcane growing. However,
f sugarcane harvested annually has remained at about 50,000 ha per year, less than 50
ent of the total cultivated area (Anon, 2012). This scenario that may be due to in
encies in sugar production technologies has led to production of less sugar than the

ctions.
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re 1: Area under cane and yield trends (2003 to 2012)

ar cane yields in Kenya have been fluctuating and declining in the past 10 years in all

ory zones (Anon 2012). Th¢ mean cane yield declined over all sugar zones from 90.8
2006 to S1ITCH in 2012 respectively (Figure 1). Factors contributing to low
rcane yields have been speculated to include low yielding varieties, inadequate use of
rs; over reliance on rainfall for crop water requirement, low adoption of agronomic
‘Ibgies among others (Amolo et al., 2006). However there has been no reliable data to
olain these observations. Efforts to overcome low production using new early maturing
s such as KEN series (16-18 months) have not succeeded since production has

ntinued to be low. It is not known if the continued low production even in the new

rieties is due to use of agronomic inputs of earlier late maturing varieties such as CO and
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series (18-24 mvon'ths)‘. Proper management of fertilizers is a major factor in
ing agricultural production. In continuous and intensive cropping systems, soils are
leted of their major available plant nutrients. Nitrogen is essential for vigorous vegetative
and development in plants, and nitrogen deficiency limits_ agrigc*ultural productivity
El Gawad ef al, 1992). The nutrient play an important role in the growth and
ctivity of sugarcane plants and is vital for most plant metabolic processes playing an
ant role in tillering and stalk elongation. These agronomic attributes and nutrient
ke largely influence the final yield of sugarcane. The number of tillering/stalk number,
«s odes elongation, girth diameter, and final plant height are agronomic traits that may be
to estimate potential yields of sugarcane during early growth. The management of
itrogen fertilizer is therefore important to sugar industry as it influences sugarcane
roduction (Thornburn, 2004). Vegetative growth of cane is mainly a function of nitrogen
ertilization rather than potassium and phosphorus which regulate the growth and
velopment function (Miles, 2009). However, nitrogen is sensitive to a range of factors
soil type, fertiliser type and the available soil water status (Rehman, 1995).

arcane varieties pose Varying potentials of effectively utilizing fertilizer nutrients to
i ease yield and quality. Some varieties have the capacity to increase cane yield without
j_gusly affecting juice quality under nitrogen fertilization, while in others juice quality
clines due to nitrogen application (Cock, 2001). It is not known how varying nitrogen
ilizer rate influence yield and quality of the new cane varieties.
- The Kenyan sugar industry at its inception used blanket rates of 100Kg N, 50 Kg P,0s and
| 5Kg K,0 ) till mid 1980s when the industry stopped potassium fertilization of cane quoting

no response of trials on potassium (KESREF, 2002, 2007). But most of these trials were not
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Research efforts have been intensified to breed early maturing (16 months) and
Iding varieties (KEN 82-247, KEN 82-401, KEN 82-808 and KEN 83-737).
agronomic inputs previously used on the old varieties continue to be used on the

. (
 varieties. It is not known if these recommended inputs are also optimal for the new

m‘rent fertilizer regimes recommended for the sugar belts in Kenya, are devoid of use
‘h. Potassium has been said to be adequate in East African soils (Willson, 1976) and
‘:been assumed to be adequate in the sugar cane growing soils despite long-term
lture with cane. It is not known if the long term monoculture of sugarcane has
T ed potash from the soils leading to low yields being realised in Kenya.

enya sugar industry is proposing to pay farmers based on the sucrose level as opposed
he current payment based on weight (Kenya Sugar Act, 2001). This implies that although
mers may adopt the use of the new varieties, their incomes may not improve if their
(v er use technology reduces sucrose levels. Although nitrogen is important for
:josynthesis its deficiency suppresses in quality (Sreewarome et al., 2007) but its
- ive application increase couid lead to undesirable reduction of sucrose concentration
rahando and Villegas, 1995; Yang ef al, 2013). The importance of nitrogen and
ssium on qualities of new varieties have not been quantified

nalysis of tissue samples from crop plants is considered an objective method of diagnosing
utrient deficiencies and imbalances, and evaluating the effectiveness of the current nutrient
agement program (Miles et al., 2010). Leaf analysis is widely used as a nutrient
n agement tool in sugarcane production (Rice et al., 2002). If carried out timely, leaf

b

analysis permits the application of supplementary fertilizers before yields and quality are

i
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__1 affected by déﬁéieﬁcies or imbalances. The ﬁumerous complications inherent in
etation of plant analytical data have long been recognized (Reuter and Robinson,
utrient concentrations in plant tissues are not only a reflection of soil nutrient
els and plant genetic characteristics, but are influenced by ot};ér factors, including
; growth stage (age), temperature and moisture supply, and factors which impact on
wth and vigour, such as diseases and insect damage (Mengel and Kirkby, 2001).
, ore, interactions between nutrients strongly influence their final concentrations in
-sues (Robson and Pitman, 1983; Wilkinson et al., 2000). Over the years, methods of
i

reting plant nutrient data have received much attention. Currently, the Critical Nutrient
ration (CNC) and Diagnosis and Recommendation Integrated System (DRIS) are
] ' ‘used methods in the routine interpretation of leaf nutrient data (Meyer, 1981; Reuter
nson, 1997). The use of leaf analysis to relate yield to plant nutrient status has not
nbraced by the Kenyan sugar industry.

Problem statement

e production in Kenya haé been low or declining despite increased area under cane.
s the estimation of the sugar industry that the national demand would be met if area
r cane produced optimally. To mitigate the low or declining yields, the industry has
- new highly yielding and early maturing varieties. However, the low or declining
] . and shortages have persisted. Part of the problem has been speculated to the fact that
| ustry has continued to use the agronomic inputs recommended for the late maturing,
yielding varieties on these new varieties. It is not known if these agronomic inputs are

propriate for the new varieties. Nitrogen is the main nutrient in cane production. The

nal nitrogen rates for the realization of optimal cane and sugar yields of new varieties

5
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t been determined. Although potassium is an important nutrient in cane production,
discontinued in Kenyan sugarcane production. It is not known if the cane yield

due to continuous cane production in the same fields without replenishment of

(

un levels and whether it is required by the new varieties for ,reali(z(étion of better cane
yields. Early growth parameters have been used to predict yields in many crops
sugarcane. It is not known if early growth parameters can be used to predict
e yields in Kenya especially for the new varieties. Plant tissue testing for measuring
}‘i‘s'tatus has been used in many parts of the world to establish possible nutrient
encies that may lead to low crop production. Evaluation of the methods under Kenyan
has not been done. Sucrose content is influenced by varieties, agronomic
ces including nitrogen and potassium fertilizers and age of plants. The optimal

sting age of cane and influence of agronomic inputs on sucrose content have not been

'mined for the new cane varieties.
esearch objectives
Broad objective

ess the influence of varieties, some agronomic inputs on growth parameters, yield and

and the use of growth parameters to predict cane yields of different sugarcane

Specific objectives
: 1)
To compare the performance of KEN 83-737 and KEN 82-472 with the standard CO

-'c
- 421,



' ogen and use of tillers, stalk girth and height to predict yield.

) establish the response of KEN 83-737, KEN 82-472 and CO 421 to rates of
sium and use of tillers, stalk girth andv heights to predict yiei&.
To evaluate leaf optimal sampling time and influence of nitrogen and potassium on
leaf N, P and K content.

To evaluate the use of pol %and CCS% to predict optimal harvesting time of KEN

83-737 and KEN 82-472.
Null Hypothesis (Ho)

“ i. KEN 83-737, KEN 82-472 and CO 421 will not perform differently.

" ii. KEN 83-737, KEN 82-472 and CO 421 will not respond to rates of nitrogen
' and early growth parameters will not predict yield.

iii.  KEN 83-737, KEN 82-472 and CO 421will not respond to rates of potassium
and early growth parameters will not predict yield

V.  Leaf optimal sampiing time and influence of nitrogen and potassium on leaf
macro nutrient content KEN 83-737, KEN 82-472 and CO 421 will not be
useful for evaluation.

v.  The use of quality parameters to predic.t optimal harvesting time of the new

varieties will not be useful for evaluation.
Justification

appropriate agronomic inputs will improve yields and quality of cane leading to
livelihoods of players in the sugar sector and general improvement of the

7
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Leaf nutrient diagnosis will determine nutrients limiting cane production and thus

ly intervention leading to increased yields. The establishment of optimal

ply of the commodity. These interventions will ensure a vibrant sugar sector,

and employmént.



RATURE REVIEW
cane varieties and influence on produétivity e

play a key role in both increasing and decreasing sugar yield per unit area, while
‘capproved, inferior quality cane varieties affect sugarcane production negatively
5'-006). The solution of low cane yield and sugar recovery problem lies in the planting
ved cane varieties (Chattha et al., 2006). Genetically improved varieties may bear
produce satisfactory results yield for per hectare and sugar percentage under given
‘environmental conditions, (El-Geddaway, et al, 2002). Unless the genetic
ties of a Variétyvare high, mere provisions of growing conditions such as manuring,
etc (Keerio et al, 2003), will not lead to appreciable improvement in cane or sugar
fi;lcrease in cane yield might be due to maximﬁni plant height, weight per stool and
. (Khan et al., 2002). Higher cane yield is the function of high potential variety
et al., 1997). Indeed cane yields depend upon number of stalks per hectare and
per stalk. (Javed et al., 2002), Weight per stalk depends on stalk length and girth.
éermination and tillering with synchronized millable canes of average thickness are
ed selection parameters to evaluate the agronomic performance of sugarcane varieties,

et al., 1991). The major sugarcane varieties grown in Kenya are CO 617, CO 421,
5, and N14 which occupy more than 65% of total sugarcane surface. Other varieties

L

CO 1148, EAK 70-79 and CB 38-22. Varieties CO 617 and CO 421 are dominant in
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‘;crose contenf and have become susceptible 'to the major diseases such as smut,
1 ‘\«Tratoon stunting. In order to improve and sustain sugarcane productivity in Kenya
s to develop better varieties must be intensified

has made great strides in fulfilling its mandate of developing %mproved sugarcane
for the Kenya Sugar Industry. The varieties are: KEN 82-216, KEN 82-219, KEN
KEN 82-401, KEN 82-808 and KEN 83-737. Key positive attributes of these
lude early maturity (harvest in 15-19 months), and high sugar and cane yields.

ns in their early growth parameters have not been determined. It is not known if

meters can be used to predict cane yields in Kenya.

o0

ritional requirements for sugarcane

are the major nutrient required in high amounts for high cane yield (Khan, et al.,
g}eed, deficiency of these macronutrients leads to serious decline in yield (Karsten
»i and quality (Khan er al., 2003). |

squirements of sugarcane are higher than those of other commercial crops because of
1;lry matter and energy production per unit area (Srivastava, 1979). A crop having
00 t ha' removes 207 kg N, 30 kg P20s and 233 kg K20 from the soil (Jagtap et al.,
Yerefore these elements must be added in adequate quantities in the root zone of the
ia;cain higher yield” Although new cane varieties are released due to their high yields

10




zer imputes used on them are the same on all cane varieties (KESREF Growers
)- It is not known if the nitrogen fertilizer rates are in appropriate for the new

here by limiting their productivity. (

e

en requirement of sugarcane

;important role in growth and productivity of sugarcane is well documented (Abd-
d et al., 1992). Among known elements N is the primary nutrient limiting sugarcane
:.'{is (Wiedenfeld and Enciso, 2008) throughout the world. The management of N
important to sugar industry for optimization of productivity as it is an important
sugarcane production (Thornburn, 2004). Sugarcane can absorb between 41 and
applied nitfogen fertilizer (Ando et al., 2002). The response to applied N is
arly sensitive to a range of factors including soil type, fertiliser type and the available
Y_‘Status (Rehman, 1995; Wiedenfeld, 1995; Wood et al., 1996; Legendre et al.,
)ne factor that is consistently important across all growing regions is crop age.
stubble cane crops are applied with higher N rates than plant cane crops (Wood,
Geus, 1973), this is because stubble cane crops show a higher response to applied
- to plant cane crops. This higher response of stubble cané crops is because
éither planted after a fallow period or within a rotation with soybeans, thus
g the soil to build soil N reserves while crop age is important, other factors can
different N rates between growing regions. The worldwide application of N
f'for sugarcane production is highly variable, ranging from 45 to 300 kg N ha'!
a and Suarez, 1992). Nitrogen fertilizer application has been demonstrated to

/e cane yields in many studies. In Somalia maximum stripped cane yield was obtained

ng NPK at 170-110-100 kg ha” (Malik er al, 1993),while in Pakistan maximum
11



j‘:-millable Cané and highest cane yields was reéorded at N 106—150 kg/ ha (Nasir er
‘},contrary to Ehsanulla and Igbal, 2001 who found highest millable cane by
of 200 kg N ha™, other yield responses of N up to 300 kg ha™ was also
c,by Ahmed ef al. 2005. High N rates (168 kg N ha™) inqreaséd'fresh cane yield in
cane crops only under high irrigation levels, but under medium or low irrigation levels,
eased N rate either had no significant effect or a negative effect on fresh cane yield

1
1

1995). Significant increase in stripped cane yield in response to higher levels of N

stablishment of optimum N fertilization rates for Kenya has been limited to few in
studies (Mutanda, 1983; Anon, 2001, 2002, 2004). Use of urea is recommended
) kg N/ ha (KESREF Growers Guide, 2002). It is not known if this rate is optimal for

ently released high yielding and first maturing varieties.

N

Nitrogen effect on growth parameters

ane N requirements are greatest in early stages of growth, germination and “boom
* growth periods (Samuels, 1969b). During this stagé there are major changes in some
vth parameters such as girth, tillering and stalk height. The plant height and cane girth
ajor contributing factors for high cane yield (Rehman e ., 1992). The number of
/stools is regarded as the most important character contributing directly to higher
ngh et al., 1985; Raman ef al., 1985). Both the stalk number and weight should be
'v‘:w- to have an accurate yield potentiai of the variety (Quebedeadux and Martin, 1986;

n ef al., 2000, 2002). Cane and sugar yields due to increasing N application are

ibuted to improved millable stalk population, stalk girth, height and leaf area index

12
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) ef al., 2010). In In’dia,vBangar et al, (1992) recorded positive significant correlation
 levels and cane diameter while Ehsanullah and Igbal, (2001) did not record any

nee in cane diameter with increasing N. There has been no study relating the early
1 _ :
h parameters to rates of nitrogen to sugarcane yields of the sugarcane varieties in

MASENO UNIVERSITY

trogen fertilizer and sugarcane quality S.G. &, iRARY

i sugafcane quality parameters for assessing cane maturity are the juice brix, pol or
e percentage and purity. However, most researchers focus their evaluation on pol % cane.
1 is necessary for vigorous growth of sugar cane. However, if applied in excess;
can slow down the ripening process, especially under wet conditions and high
tures since the cane crop resumes active vegetative growth including production of
llers (Habib er al., 1991; Atta et al., 1992a, b; Rehman ef al., 1992; Larrahando and
, 1995; Ali et al., 2002). |
1 deficiency results in reduction of leaf area and thus, causes photosynthesis
n which in turn leads to suppress in quality (Sreewarome et al., 2007)._ Increase of
application excessively caused undesirable reduction of sucrose concentration
ando and Villegas, 1995; Yang et al., 2013). When a large number of varieties were
 at high and low nitrogen levels some varieties‘ maintained high sucrose contents at
nitrogen levels indicating it may be possible to select genotypes that tolerate high
level (Cock, 2001). Non-signiﬁcar}t effect of nitrogen on CCS % were attributed to
‘r‘gniﬁcant effects on brix, sucrose and fibre percentages (Saleem et al.; 2012; Jeyaraman
gudurai, 2003; Patel ef al., 2004). However Ali et al., (2002) noted a significant decrease

% at higher rates of N. Cane yield and sucrose contents are significantly interrelated

13




v et al., (1996) reported slightly different results, in which a high nitrogen rate (268 kg
slightly decreased sucrose content, but it increased cane yield to e;;level that produced
nificantly different sugar yields when comparing the low nitrogen rate to the high
W'rate. Although Muchow et al, (1996) found no significant differences in sugar yield
2n a high and a low nitrogen rates, there was a significant decrease in stalk sucrose levels
nitrogen rates were applied. Losses due to low or high nitrogen rates on quality of

"

es have not been established in Kenya, yet the industry proposes to pay farmers on

of new varieties (Kenya Sugar Act, 2001).

3 MASENO UNIVERSITY
ptassium requirément of sugarcane S .G. S. L!BRARY

anctions of potassium (K) in sugarcane have been extensively reviewed (Filho, 1985),
-”beneﬁts include resistance to lodging, diseases, bests and drought. The demand for
i're,. garcane is high (Garcia et al., 2001). Potassium deficiency can result in depressed
vth, slender stalks, and "firing" (an orange or reddish-brown discoloration) on older
K is readily mobile in plant, so deficiencies are ﬁrst observed in older blant leaves

et al., 2001). Young leaves are generally all dark green. The most distinguishing

nination, decreased drought and disease resistance are associated with K deficiency

.., i

2002). The applied potash as a fertilizer is gradually released to the soil solution

14
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a et al., 2002; Garcia et al., 2002). Potassium as muriate of potash is

et al., 2000). However, in Kenya application of potash k(v'v‘as discontinued in
'r"1.9805 (KESREF, 2002, 2007), despite signs of deficiency in South Nyanza and
in early 1990°s. Although old sugarcane lands have continued to produce cane,
;been no remedial K application to replenish what has been harvested with crop or
: » other sources. It is not known if the lack of application of K is contributing to the
being realised in Kenya.

ffect of potassium on yield of sugarcane

-7 is an important nutrient in sugarcane production. The effects of potassium on
yields and use in sugar-producing countries have been reviewed (Filho, 1985;
volta, 1994). Variable sugarcane yield responses were reported. In Fiji only 33% of the

studied showed a response to potassium fertilization (Yang and Chen, 1991). Under

,; sively increased cane yield. (Komdorfer, 1990). In Pakistan number of millable

per unit area, cane diameter and length of internodes and sucrose in the cane increased

15



of potassium on sugarcane quality

nportant function of potassium in sugarcane is improvement in cane quality by

educing sugars to recoverable sugars (Hunsigi, 2011). The nutrient flushes out

e

and tissue moisture to assist sugarcane to reach a stage of maturity. In general,
; in commercial cane sugar (CCS) is due to increase in cane yield and pol %
ose). Improving cane quality is one of the most important means for maximizing
in the sugarcane industry. Grinding cane with a high percentage of recoverable
profiAnnex as it reduces the cost per unit ton of sugar produced. Juice quality is
an important determinant of maximum sucrose yield. However, a potassium
trial in Mauritius showed no response to potassium in cane yield and was not
ied by an increase of sucrose in the cane (Ng Kee Kwong, 2002). In India
h potassium application in two equal splits gave maximum cane yield, juice quality
ected (Gulati ef al., 1998).

vivid example of potassium lowering sucrose recovery is provided by (Korndorfer,
ho observed that vinasse (distillery slops) when applied at 120 m*/ ha to a dark red
hic latosol in Brazil increased cane yield from 98 to 127 Tc/ha but decreased
ble sucrose concentration in cane from 15.0 to 13.1%. Excessive uptake of
um from soil depressed the recovery of sucrose during milling (Filho, 1985). In
study a significant depression in sucrose concentration of cane resulted by an
tion of 183 kg K,0O/ ha in South Africa (Wood, 1990). In Kenya the role of potassium
¢ quality has not been investigaied. There is need of a re-look at potassium
ation in the Kenyan sugar industry since non-use could be contributing to the current

ugar content in cane.

16



nination of plant nutritional status

e producers rely on field fertilizer trials, soil testing and foliar analysis to plan

A “e

‘pfograms (Elwali and Gascho, 1984). The use of leaf nutrient analysis in

gt
ation with visual evaluation of malnutrition symptoms can complement the

program and give useful information that will improve decision. Leaf analysis
picture of crop nutritional status at the time of sampling. For sugarcane leaf
s, the top visible dewlap (TVD) leaf has been sampled during the grand growth
evaluate the plant nutritional status (Gascho and Elwali, 1978; McCray et al.,
e et al., 2002). The leaf is metabolically very active, functioning as the site of
thesis, whicﬁ determines the primary processes occurring within the plant. Leaves
major site of carbohydrate and mineral storage. Leaf analysis gives both the levels
_,utrients as well as the ratios of one element with another; therefore interactions
elements are more discernible, and hence more easily rectified. Yields of sugar
highly correlated with leaf nutrient status during the maximum growth period
g that leaf analysis may allow early detection of nutritional problems (Holford,
). Plant analysis could also be a useful tool for correcting plant nutrient deficiencies and
ces (Baldock and Schulte, 1996; Miles, 2010) and optimize crop production
tth et al., 1986), through evaluation of nutrient requirements, Results of foliar
lyses are interpreted on the basis of the critical nutrient level (CNL) which defines a
*_;}I". concentration below which the nutrient is considered to limit production Annex 1).

e CNL refers to the concentration of a particular nutrient in a particular plant part at a

ecific stage of growth, at which production losses reach 10% (McCray et al., 2006). The

17
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: may also include the use of “nutrient's optimum range”, defined as the range

18
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oliar critical nutrient levels and optimum ranges

Critical Level Optimum Range
1.80 % 2.00-2.60 %
(
0.19 % 0.22-0.30 % <
0.90 % 1.00-1.60 %
ray et al., 2006

a attempt has been made to guide fertilizer application programs based on foliar
> techniques. The general practice is applying a fixed rate of fertilizer regardless of

1d soil type.

: 1 gfeen leaf nitrogen concentration for photosynthesis in sugarcane (Keating et
’éngcs from 1.2% N at emergence or ratooning to 0.5% at flowering. Despite
evels of nitrogeh fertilizer, sugarcane leaf nitrogen is known to decrease during
ely the second half of sugarcane growth (Haslam and Allison, 1985). This is
';{change depending on when nitrogen fertilizer~ is applied. Usually, nitrogen is
greater amounts in the early stages of sugarcane growth (Samuels, 1969a,
therefore necessary that leaf nitrogen in the early stages is determined and
"with ultimate yields. Application of high rates of nitrogen affects thé levels of
,"en'ts in tea plants (Owuor, 1997; Kamau ef al., 2003). This is not well documented
;:ane in Kenya. It is also not known if other nutrients in sugarcane, apart from
have significant effects on the sugarcane yields, and if the application of nitrogen

ences their level.

19




ors affecting leaf nutrient concentrations

ncentrations vary with the age of the tissue or organ, with this being essentially a

variations in water content (Mengel and Kirkby, 2001). Young tissues have

e

water contents and are rich in nutrients, particularly N, P and K, which are

[ in the water. Concentrations of these nutrients decrease with increasing age of the

ses in nutrient concentrations as the plant ages relate mostly to N, P and K
Kirkby, 2001).

tions of less mobile nutrients, such as Ca, Mg, Mn and B, are less affected by
e, and may even increase in concentration with ageing (Mengel and Kirkby, 2001).
t known how leaf nutrient vary with time from planting and if the critical nutrient

influenced by sampling time.
ermination of optimum harvesting age for sugarcane

content and predicting maturity of sugarcane play important role both in cane
ts systems and harvesting schemes as well as in experiments of comparing maturity
ns among different varieties (Stmopen.Net, 2013). Several standard analytical
are available to determine the peak maturity or quality so that the cane is harvested at
e
ﬂ time (Ong'injo and Olweny, 2011). Without such, analysis several farmers take-up cane
ng based on crop age and appearance. Maturity is determined by monitoring sugar yield
eters such as, pol % cane, brix % cane, commercial cane sugar (CCS), and ton cane per
¢ (Blackburn, 1984; BSES, 1991). Most sugar factories give cutting orders to farmers

on crop age. This is not a scientific method since planting time, varieties, crop

anagement practices and weather conditions influences maturity. Yellowing and drying of

20
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¢ sound on matufe canes when topped apf)earance of sug:ar crystal,’ glistening
cane is cut in a slanting way and held against the sun are some of the visual
sing maturity of cane. Important sugarcane quality parameters for assessing cane
the juice brix, pol or sucrose percentage and purity. Howexéer, most researchers
uation on pol % cane (Blackburn, 1984; BSES, 1991) and reported values ranged
-17.86. In milling operations, the preferred varieties are those with pol % cane and
alues nearly equal at maturity, (Clements, 1980). Maturity age is relatively
idustrial needs. For example, early maturing varieties are those ripening at 8-10
dia (Blackburn, 1984; BSES, 1991), 10-11 months in Indonesia (Gonzales et
and, 9-10 months in Mauritius (Hunsigi, 1993). During the initial stages, the
gar, that is stored as sucrose, is small and increases as growth continues (BSES,
wards maturity, vegetative growth is reduced and internode elongation rate is
ed while the sugar and fibre contents increase (Das et al., 1997; BSES, 1991). Early
. varieties have numerous benefits to both thé growers and sugar industries by
én efficient and reliable means of achieving increased sugar yields, save the raw
&?equired for a given crop cycle and allow earlier commencement of the harvesting
e processing season, and ensure profitability (Ong'injo and Olweny, 2011). Good
hip between juice quality and yield parameters have been reported respectively (Das
7). The exact time of harvesting based on quélity has not been assessed especially
varieties. It is also not known how rates of nitrogen and potassium influence optimal

1g time.
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"
ption and land preparation (
Q‘

; conducted from November 2007 to July 2009 at Kenya Sugar Research

SREF) - Kibos, located on longitude 34° 48’E and latitude 0° 04°S at 1184

mean sea level, situated 16 km North East of Kisumu City on Kisumu - Miwani

¢ area has a warm sub humid type of climate with a long term mean annual rainfall
;
: and mean daily temperatures ranging from 21.5°C to 23.5°C (Jaetzold et al.,

as first ploughed using a mould board plough and then harrowed by the use of a

. The plots were then designed into blocks with furrows 1.2 m a part within a

perimental layout

b

plot treatments arranged in a Randomized Complete Block Design was used in
al. The trial was planted using seed cane of ages between 12 and 16 monfhs, chopped
budded setts. The experiment consisted of three varieties (CO 421, KEN 82-472
<EN 83-737 as main plots, four nitrogen rates (0, '50, 100, and 150 Kg N /ha), as sub-
f‘«_‘%z‘ two potassium rates (0 and 100 Kg K,0/ha) as sub-sub plots measuring six rows of
 len gth and 1.2m apart replicated four times. CO 421 a late maturing cane variety

se quality has been stable was used as control. KEN 82-472 and KEN 83-737 are high
ling and early maturing cane varieties recently released to the Kenya sugar industry

Technical Bulletin, 2007). Soil samples from the top 15c¢cm and sub-soil of 15-30
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planting and analysis of pH and N, P & K was analysed. A uniform
(§5lha as single super phosphate was applied at planting in all plots. Nitrogen

tassium as muriate of potash fertilizers were applied at 4 months after planting
§ ¢
outer two rows were treated as guard rows while the inner four were for

iy

- analysis. Weeds were controlled manually four times and smut removed by

7 and burying throughout the growth period.

v"
i
kS |
AR
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NlKl N3K1 N4K1 NzK] NJK] NlKZ NZKZ NIKI
18 23 18 23 18 23 18 23
N4K2 N] Kz NaKz N]Kz N]K] N:Kz N]Kz Nus
17 24 17 24 17 24 17 24
Nle NzKl Nng N] Kl N4Kl NJKz NIKI NJKI
12 13 12 13 12 13 12 13

Vl N;Kz N4K| VZ N4K| NzK; Vl N3K| N]Kz N3Kz Nsz
11 14 11 14 11 14 11 14

Vs

N K, N.:K; N]Kz N;K; Nsz N;Kl NJK> N:K;
10 15 10 15 10 15 10 15
N;K, Nsz N.K, N:K, N: K, NK; N: K, NJK
9 16 9 16 9 16 9 16
N.K, N3K1 N4K1 N: K, Nus NzK] N; K, N:K,
4 5 4 5 4 5 4 5

Vl N|Kz N.(Kz VJ Nle Nsz N4Kz N|K1 NzKl N4K1
3 6 3 6 v, 3 6 Vi |3 6
NZKI N3K2 NJKZ NJKI Nl K2 N2K2 NIKZ N&l(z
2 7 2 7 2 7 2 7
NiK; N2K, N:K; N2K; N:K; NJK, N:;K; N
1 8 1 8 1 8 1 8
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‘ollection

estle and mortar and passed through a 2 mm sieve to separate the coarse fragments
. The sieved soil samples were stored in separate clean and dry containers and used
physicochemical analyses for the levels of pH, N, P & K.

determined in a 1:2 soil:water suspension as described by using systronic

pH meter (Okalebo et al.,, 2002)
rowth and yield data

st tiller count was taken in March 2008 (four months after planting) till 8 months after

g this being the maximum tillering period, while the millable stalk count was taken at

by a meter rule while plant girth was measured by venire callipers. Sugarcane
determined by visually counting the total number of millable stalks, from the four
;’fows, per treatment at harvest which were then converted into millable stalks per
(MSH). All stalks per treatment were weighed to get the net stalk weight in

u ns. The average mature stalk weight for each plot was estimated by dividing the total

25



weight'by the number of stalks in the sample. The resulting figure was

ed into tons cane per hectare (TCH).
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1 - tion was from March (4 MAP) to October (9 MAP) the grand growth period
rapid nutrient uptake occurs. Tﬂis also coincided with thq( long rainy season
ecommended time for sampling. Twenty third visible de\;lap (TVD) leaves
i lg;lot were randomly sampled from the inner four rows four to nine months after
,'amples preparation was by removal of midribs from leaf blades, rinsing in
ter to remove soil and dust particles, followed by drying in the oven at 70°C for
and grinding (Okalebo ef al., 2002)

'ples were subjected to N, P and K analyses (Okalebo et al., 2002).

k.
)ples were analysed for nitrogen by heating samples in the presence of sulphuric

ampling for sugar quality and analysis

stalk samples were taken from each plot at the twelfth month after planting until

est to determine their sugar and fibre contents (Anon, 1970), however, due to the
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the mill, samplés of 17, 18, 19, 20 MAP were not analysed. The sugarcane
sted comprised of randomly selected stalks within the four centre rows of the

‘ J
ch excluded the tops, green leaves, and senesced brown leaves. Each stalk was

) (
the apical meristem and cut at the base just above the soil_ surface. The stalks were
shed in a three roller mill and juice used for quality analysis according to sugarcane

anual for Queensland Sugar Mills (Anon, 1970). Pol was measured by use of

n paar-mcp 250 Sucromat while brix by an index instrument GPR 53 X

rs were then used to calculate CCS as follows:
m % in cane = Brix% in juice x (100 — ((fibre% + 3)/100)
% in cane = pol% in juice x (100 — ((fibre% + 5)/100)

ourities in cane = Brix % in cane — pol% in cane
S %= pol %in cane — 0.5 x (impurities)

cal analysis

were subjected to General Linear Models (GLM) procedure using Statistical
Software (SAS) system for Windows, version 8.2 (SAS, 1999) as split-split plot
' t arrangement within randomized complete block design (RCBD).

of variance (ANOVA) and Least Significant Differences (LSD) tests techniques

ployed for separation of means of treatments-effects at the p < 0.05 and regression
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LTS AND DISCUSSION
jent status N o

H ranged from strongly to slightly acidic, was deficient in carbon, nitrogen and
m but moderate in calcium before application of treatments.(Annex 3)

Soil nutrient levels at planting

Test Level Interpretation
4.7-6.7 strongly to slightly
acidic
0.4-1.6 deficient
0.3-1.9 deficient
eq./100g soil 2-5 moderate
1m meq./100g soil 0.05-0.17 deficient in potassium

'
8

formance of varieties and use of growth parameters to predict yield.

145

s in the tiller numbers from 4 to 8 months after planting (MAP) is presented in

:,_'.‘ 1-5i Figure 2). The tiller numbers for varieties CO 421 and KEN 82-472 were

0.05) than that of KEN 83-737, from 4 to 5 MAP, respectively, to the end of the
: period. High tillers result in high yields. This shows that CO 421 will out yield the
-T ieties. Similar tiller variations with other vérieties have been reported in other
e growing countries (Habib efal, 1991; Nasir et al., 1994; Lingle et al., 2000;

et al., 2012). Varieties with high tillering abilities usually record high cane and

'elds (Kadervel and Devaraj, 1977; Vasantha ef al., 2012). These results demonstrate

varieties grown in Kenya have different tillering capacities suggesting that the yield
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s could be different. Although CO 421 is an old and late maturing variety, its
apacity was higher than or similar to one of the new early maturing KEN varieties.
onse in girth diameter of different sugarcane varieties from 12 to 21 MAP are
_“'-'u (Annexes 6-14) and Figures 3 and 4. Significant (P<0.05) responses were
: <o

‘- om 14 MAP onwards. Variety KEN 82-472 had higher (p<0.05) girth diameter
21 and KEN 83-737. Although variety CO 421 had slightly higher girth diameter
83-737, the difference was not significant throughout. Such responses have been
2d to genetic differences (Habib er al, 1991). The results were opposite those
m the tillering abilities (Figure 2).

anges in stalk height in the different varieties from 12 to 21 MAP are presented in
jis- 23 , Figures 5 & 6). The heights were in the order KEN 83-737 >CO 421> 82-
iety KEN 82-472 was significantly (p<0.05) shorter than the other varieties
hout the recording period. Although the heights of KEN 83-737 and CO 421 did not
vary from 12 to 14 MAP, and 18 to 21 MAP,‘KEN 83-737 was taller (p<0.05)
0 421 between 15 and 17 MAP. These variations in height of varieties are similar to
observed in Pakistan (Habib et al., 1991; Nonsheen and Ashraf, 2003) in other
The numerical advantage in the tillers, stalk girth and stalk height were in variety
KEN 82-473 and KEN 83-737, respectively. Thus there was no single variety
nating in all the growth parameters monitored. Similar variations in growth parameters
».‘w— observed in other studies (Wiedenfield, 1995). The results demonstrate the

rent genetic differences in the varieties used and suggest one parameter may be

iitable to use to predict possible yield potentials.
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i (CO 421

~fi-KEN 83-737

o KEN 82-472
B LSD

AMAP SMAP 6MAP TMAP  SMAP

2: Tiller variations with varieties and age
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Id response of variety to nitrogen and potassium rates

Tresponses of the three variations are presented in Annex 4. Variety CO 421 out

,orded in this study were much higher than those currently observed under field
ns in most parts of the Kenya sugar industry (Amolo ef al., 2006). Experimental

ons, can sometimes lead to slightly higher yields due to translation from the small

fz’e in this study suggest other factors may be responsible for the low yields currently
ed in the Kenyé sugar industry. Possibly, management practices are not optimally
fied in Kenya sugarcane industry, causing the low yields. In India (Manimaran ef al.,
Australia (Bramley and Quabba, 2002) and Vietnam (Mui ef al., 1996), management
are key factors influencing yields of sugarcane. In Kenya the management of
cane production is associated with economic inefficiencies that have been observed to
stagnating or declining total factor production (Mulwa, 2006). Indeed, the industry has
cteristics of poor management, corruption, and vested political interests that are
ing it from achieving its objectives (Wanyande, 2001). At the farm level, continuous
: r g, lack of adherence to contracts by sugar companies, sugarcane ﬁfes have been cited
factors affecting productivity (Marabu, 2013). At farmer level, high costs of farm
lack of capital, inaccessibility to credit facilities, low cane prices, lack of or delayed
ply of farm inputs, poor timing and supervision of farm operations, inadequate

ywledge or information on new varieties, poor land preparation standards, cane losses due
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L

i es, poaching, poor Handling and transportation, poor relationship between millers
ers, delayed payment for delivered cane, delayed cane transportation, poor timing

', poor/marginal soils, delayed cane harvesting, poor harvesting programme &

(
extension services have been listed as major constraints to cane production (Wawire

006b). These critical factors may be responsible for stagnating/declining cane yields

‘Effect of variety, nitrogen and potassium rates on yield (tons/ha) of sugar

harvest

K Rates (Kg | N Rates (Kg N/ha) Mean K Mean

K;0/ha) 0 50 100 150 Rates Variety

0 : 1393 | 1455 |143.0 |159.5 | 146.8

100 ; 137.3 | 130.5 | 146.5 |162.3 | 144.2

Mean N rate 138.3 | 138.0 | 144.8 | 160.9 145.5

CV (%) 3.7

LSDp< 05 2.7 - NS

0 106.8 | 131.3 | 150.8 |162.0 | 137.7

100 131.5 | 137.5 | 146.5 |159.3 | 143.7

Mean N rate 119.2 | 1344 | 148.7 |160.7 140.7
1 CV (%) 5.7

LSDp<.05) 83 5.9

0 97.0 127.0 | 141.8 | 147.0 | 1282

100 118.0 | 137.0 | 1445 |161.5 | 140.3

Mean N rate 107.5 | 132.0 | 143.2 |154.3 134.2

CV (%) 4.9

LSDp<0.05) 5 53

0 1143 | 134.6 | 1452 |156.2 | 137.6

100 128.9 135.0 145.8 161.0 142.7

N rates 121.7 | 134.8 | 1455 | 158.6

R’ , 0.89

CV (%) 5.0

LSD (p<0.05) 4.0 2.8 3.5
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s onship between grbwth parameters and yiéid
th parameters in MAP were correlated with final yield to establish if the
ts could be used as yield predictors or indicators. The regression coefficients )
nted in (Annex 5). The r* value between yields and tiller numbe%s~were too low and
ant for use as predictors. In the first 3 MAP, fertilizer treatments had not been
Tillers usually develop into millable canes. Thus the number of millable cane stalks
; stalk weights constitute the yield of cane (Kapur ef al., 2011), although high
tillers reduce stalk girth (Matsuoka and Stolf, 2012). In Texas, drought tolerant
showed good relationship between tiller numbers and yields than drought
ble varieties (Silva er al., 2008). In contrast to results presented herein, significant
fp between yields and tiller numbers were recorded in Sudan (Ahmed and Obeid,

nd Pakistan (Khan ez al., 2012).
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Relationship between growth parameters and yield

- MEAN

- Cco421

- KEN 83-737

KEN B8KEN 82-

412

4 MAP
0.05

0.03

0.16
0.08
12

MAP
0.04

0.004

0.16

0.08
0.13

0.34

0.07
0.59
0.002

0.11

0.13

5 MAP
0.0004

0.03

0.01
0.04
13
MAP
0.33

0.02

0.52
0.23
0.11

031

0.34
0.67
0.01

0.02

0.5

6 MAP

0.05

0.34

0.02

0.001

14

MAP

0.02

0.21

0.59

0.68

0.21

0.002

0.42

0.66

0.11

0.04

0.53

7 MAP
0.04

0.01

15
MAP
0.22

0.4

0.58

0.42
0.46

0.68

0.77
0.88
0.13

0.64

0.73
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8 MAP
0.04

0.05

0.01

16
MAP
0.01

0.38

0.71
0.59
0.71

0.75

0.92
091
0:26

0.73

0.81

17

MAP

0.001

0.44

0.51

0.47

0.77

0.8

0.35

0.82

0.59

0.79

0.63

.

18

MAP

0.09

0.62

0:59

0.7

0.53

0.04

0.1

0.86

0.72

0.67

0.003

19

MAP

0.1

0.78

0.48

0.76

0.68

0.7

0.67

0.78

0.52

0.89

0.77

21

MAP

0.54

0.69

0.66

0.8

0:52

0.8

0.66

0.78

0.6

0.84

0.74




i
i ¢

of response observed in this study was possibly due to the timing of application of
zer input at 4 MAP. The fertilizer treatments seemed not to have taken effect even

1

nonths after the application. The relationship between girth diameter of CO 421 and

E :
as only above 50% explained in the 21 MAP, which is the harvest time for the

It cannot therefore be used as a predictor for yield in this variety. The recommended

ng period of KEN 83-737 and KEN 82-472 is 16 to 17 MAP (Jamoza, 2005). Over

<=

"relationship between yields and girth were after 18 and 13 MAP for KEN 83-737
82-472, respectively. Thus girth diameter measurement is a good yield predictor
82-472 at 13 MAP, but marginal for KEN 83-737. On average when all the data for
eties were together, girth diameter became useful at 14 MAP onwards although in
r (15 and 17 MAP) less than 50% of the relationships were explained. Several
“;‘anhwar et al., 2003; Shukla, 2003; Gana et al., 2009; Khan et al., 2012) have
significant relationship between girth and yield of sugarcane. Girth measurement can
re be an objective estimate of potential yields in sugarcane production in Kenya,
ed the measurements are taken at least 13 MAP.

vight predicted yields in éll varieties. For Co 421 the stalk height could explain

yields from 16-21 MAP, for KEN 83-737, the relationship was over 50% explained

s corroborate data observed in other studies (Wiedenfield, 1995) that these growth

jeters can be useful in assessing potential yield of sugarcane before harvest. Thus
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a sugarcane grOwihg conditions, girth and stalk heights are Lgood potential yield

sponse of growth parameters of the sugarcane varieties to rates of nitrogen and
. (\;‘
growth parameters to predict yield.

lpnses in growth parameters to nitrogen fertilizer rates are presented in (Annexes]-
igures 2 to 6). The tillers only responded (p<0.05) sporadically to nitrogen rates
xes 1 to 12). In CO 421, significant (p<0.05) response occurred in 5, 7 and § MAP,
-r\occurred only in the 6 MAP for KEN 82-472. In KEN 83-737 and for the overall

, there was no response. Results contrast those observed in Nigeria (Abayomi, 1987),

(Rehman, 1995; Shukla, 2003,) and Pakistan (Ashraf et al., 2008), where there were

_,'ﬁcant (p<0.05) responses were between control (0 Kg N/ha) and 150 Kg N/ha. Such
."»ses had been observed in other studies (Mahboob et al., 2000; Shafshak e al., 2001)
‘- ay provide explanation of responses of sugarcéne to nitrogen fertilizer application.
hanges in sugarcane heights due to nitrogenous fertilizer rates are presented in Figure
!ere were significant (p<0.05) responses in plant heights to nitrogen fertilizer rates from
AP onwards for all varieties and overall mean. The KEN 82-472 had the shortest

ary in height, similar to 100 and 150 KgN/ha for KEN 82-472 and overall mean. The
38



were in the order 150$100>50>O Kg N/ha in ail the Varieties.( Thus the height of
nearly increased with the amount of nitrogenous fertilizer applied. Similar
had been made in other countries (Abayomi, 1987; Mui et al., 1996; Shukla,
. af et al., 2008). These results show that although nitrogen is \E/ital for growth and
eld, different varieties have different abilities of using nitrogen for growth, thus
ng varying heights. The results observed in this study suggest that yield responses
ed due to nitrogenous fertilizer application were indeed products of the stalk girth and
ght, but independent of tiller number during the early growth phase.

yields responses (p<0.05) to increasing rates of nitrogen fertilizer application in
fieties. Similar yield responses to nitrogen have been recorded elsewhere (Abayomi,
'harma and Gupta, 1990; Hussain ef al., 1991; Mui et al., 1996; Shukla, 2003). This
that the current recommendation for old varieties may also be used for the new
Consequently, there is no need to change the current nitrogen fertilizer use
imendations for the Kenya sugar industry. There were no significant interactions
er the varietal yields and nitrogen rates suggesting the pattern of responses were

The patterns responses mirrored that of girth diameter and stalk heights suggesting,

> growth parameters could be useful predictors of yields.

\
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i

ire 6: Effect of nitrogen rates on height of varieties over growth period

ponse of growth parameters of the sugarcane varieties to rates of potassium and

growth parameters to predict yield.

;'arly growth parameters did not significantly regpond to potash feﬂilization. These
», corroborates with the findings of Abayomi (1987) where tiller density was not
i“'ted'by K manuring, unless there is a severe K deficiency, but are contrary to findings
Chatar and Akhatar, (2002), in which cane height increased with K rate. Whereas yield
variety CO 421 did not respond to potash fertilization rates, KEN varieties responded
05) to these rates. There were signiﬁcant (p<0.05) yield increases m KEN varieties due
jpotash fertilizer Annex 4). In studies conducted elsewhere, potassium application

)

ased yields (Donaldson er al., 1990; Malik er al., 1993), similar to observations on the
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’es. The use. of pofash fertilizers in sugarcane plantations was discontinued in
garcane due to lack of relationship between yield and potash application on the old
' illson, 1995). Results presented here confirm that the old varieties like CO 421
spond to potash fertilizer justifying the earlier observations.g However, the new
rieties require application of potassium to realize higher yields and improved
It is necessary to establish the appropriate rates of potassium that can enhance yields
1 to optimal productions of sugarcane in KEN varieties.

presented here have other implications. Yields obtained were generally high and
ve regular yields obtained in the industry (Amolo ef al., 2006), even where there

ifertiﬁzer application. The low yields being realized in the Kenya sugar industry

be overcomed by continued use of the recommended rates of nitrogen and

ation of high yields.

Vutrient leaf content

iy
.

lysis of leaf has been used in sugarcane growing Acountries like South Africa and
ritius to diagnose nutrient deficiencies and imbalances, and evaluating the effectiveness
existing nutrient management program (Meyer ¢t al., 1998). In Kenya little has been
aken in the use of this tool for nutrient management. The results of evaluating the
of N and K fertilizer on leaf N, P, K leaf content of varieties are presented in

,,éxes 24-41, Figures 7-9).
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es differed significantly (PS 0. 05) in their nutrient ieaf content between 4 and 6 MAP

N but 4 and 9 MAP for K. Similar finding on other varieties were also found by

n-Bamber, 1984, Ambachew and Abiy, 2012).

horus mean leaf content of varieties was significantly (P< 0. 05) (fifferent at 4 and 5

exes 24 and 25), with the new varieties having higher P% than the standard. This

y uptake is because phosphorous was applied before planting and is basically for root
opment, similar results were found by (Ambachew et al., 2012). The P leaf content was
n and above optimal range. This shows that the phosphorus basal application was
"ent for the three varieties and did not limit productivity. This confirms that P should
,pliéd at planting for root development which then serves for uptake of the later applied
like nitrogen and potassium for cane development and sucrose formation. Varietal
ference was basically due to genetic makeup of these varieties. There may be need to also
dy the rooting systems of the various varieties for their ability to increase nutrient uptake
thus yield in future studies. Leaf K% content of varieties significantly (p< 0. 05)
ffered throughout the sampling period (Annexes 30-35, Figure 9), ranging from high
erc entage at 4 MAP to low perceﬁtage at 9 MAP showing that potassium applied was taken
p adequately during the active growth period 4-7 but later reduced (below critical) level
to age dilution effect of nutrients similar observations were made by (Ambachew and
'y, 2012). Potassium unlike phosphorous is needed throughout the growth period since is
for sucrose transportation and maturity.

N % content of varieties significantly (p< 0. 05) differed at 5 and 8 MAP. At the grand

g owth period 4 to 6 MAP nitrogen content was within the optimal range having been

applied at 4 MAP, but reduced to below critical limit at nine months when metabolism for
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S

th has taken place and sucrose formation and/ translocation to the stalks has
enced. (Annex, Figure 11). There was a decrease of nutrients in the leaves of all
'es after six months suggesting that optimal sampling time be between 5 and 6 MAP.
{: ing N supply promotes growth, and thereby increases the demandE for other nutrients.
l‘demand can result in increased or decreased concentrations of other nutrients,
ding on their supplies in the root zone (Ambachew and Abiy, 2012; The results of
a effect on leaf N, P, and K leaf contents are in (Annexes 24-41,Figures 7, 9 and 11).
_‘gen fertilizer application significantly (p< 0.05) affected leaf P%, at 5 MAP, since

rogen was applied at 4 MAP and was absorbed closer to time of application. The highest

iar P was obtained at the lowest N rate applied indicating that nitrogen had a dilution

pe of nutrient applied (Ambachew and Abiy, 2012; Franco ef al., 2010).

'le was significant (p< 0. 05) effect of nitrogen rates on leaf K%,( Annexes 30-35 ,
¢ 9) of the new varieties at 4 and 9 MAP, showing the need of K at end of grand
rowth period . Like P the highest foliar K was obtained at the lowest N rate applied
’cating dilution effect of N oﬁ K and its uptake. Similar findings were observed by
Ambachew and Abiy, (2012). The significance shows the need of balanced fertilization for
j'!rease.d yields, since Interactions between nutrients‘ may induce deficiencies, toxicities,

modified growth responses (Robson and Pitman, 1983; Wilkinson ef al., 2000).

Nitrogen rates significantly (p< 0.05) affected leaf N % of new varieties than the old Co
421. The foliar N content were within optimél range (2.00-2.60) from 4-7 MAP but below
critical level (1.8%) at 8 and ( MAP, indicating that nitrogen fertilization was adequate at

“boom stage but later trans located from leaves to be stored as sucrose in the stalks. The
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L&

hest foliar N obtained was at 100 Kg N at 6 MAP (Figure 12), indicating optimal uptake
;{; nd rate for cane production. Similar findings on other varieties in Ethiopia were

tted by Ambachew and Abiy (2012). :

sium fertilizer application did not affect leaf nutrient content significantly although
 were in the optimal range at early growth stages contrary to (Akhtar and Akhtar,
‘) in whose study potassium fertilizer application increased leaf nutrient content.

af N positively correlated with yield at 4 MAP (Annex 6) with R* (0.67) and K at 6 MAP
1(0.90), while P had no strong correlation. Similar correlations of nitrogen were observed
. and 5 MAP at different sites by Ambachew and Abiy, 2012).These strong relationships
dicate that leaf sampling is to be between 4 and 8 MAP.

Foliar diagnosis may thus be used for determination of nutrient status in fertilizer advisory

ices for sugarcane cultivation in Kenya.

0.5 -
045 -
0.4 -
1 e COA21
R 0.35 -
k —@— KEN83-737
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0.2 +— : ey :
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Figure 7: Variation of leaf P content of varieties with age
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e 8: Effect of nitrogen rates on leaf P content
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ure 12: Effect of nitrogen rates on leaf N content of varieties
ble 6: Relationship (R?) between yield and nutrient leaf contents
4MAP  5MAP  6MAP  7MAP 8MAP 9 MAP
co421 0.14 0.02 0.03 0.07 0.68 0.61
KEN 83-737 0.6 0.007 0.01 0.01 0.14 0.009
KEN 8KEN 82-472 0.78 0.02 0.04 0.05 0.6 0.21
MEAN 0.67 0.08 0.01 0.06 0.68 0.03
€O 421 0.26 0.0005  0.016 0.21 0.02 0.02
KEN 83-737 0.0003  0.10 0.61 0.08 0.02 0.07
KEN 8KEN 82-472  0.04 0.03 0.34 0.12 0.01 0.48
MEAN 0.04 0.03 0.34 0.12 0.01 0.48
€O 421 0.15 0.25 0.69 0.08 0.10 0.54
KEN 83-737 0.41 0.14 0.34 0.11 0.11 0.48
KEN 8KEN 82-472  0.29 001 0.01 0.13 0.08 0.21
MEAN 0.47 0.02 0.90 0.00 0.19 0.17
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s» rcane quality
Jariation of pol% with nitrogen and potassium with age

differed significantly (p<0.05) in pol% throughout the study Al;‘eriod except at 13
ex 42-47, Figure 14) with KEN 82-472 having the highest quality followed by
'f'r;é and KEN 83-737 respectively. The pol% levels of CO 421 and KEN 83-737
ﬂ significantly (p<0.05). These levels were adequate for quality sugar production.
differences in pol% of varieties were reported by Cock, (2001). The fact that these
ies demonstrated their genetic potential to increase pol % shows that these varieties
the potential of increasing sugar yield for payment based on sucrose.

nirogen fertilization resulted in decreased pol% (Fig 14). This trend was also
vec by (Altaf-ur-, Hussain ef al., 1991; Rehman1995; Ambachew et al., 2009) who
d that N had adverse effect on the quality characteristics (brix %, pol %, purity % and
;o) towards maturity, contrary to Najran et al. (2012) who found no effect on cane and
juice. This phenomenon of pol % with nitrogen fertilization may be due to rapid
c and formation of biomass and the crop reverting to vegetative growth phase with
eased contents of reducing sugars (glucose and fructose) by invertase enzyme cleaving
accumulated sucrose molecule (Abayomi,1987). There was no consistent nitrogen rate
¢t on pol% (Figure 14) but the lowest pol% was attained by 150 Kg N /ha. These results
w that excessive application of N may be deleterious to cane quality and that100 Kg/Ha

y still be adequate for quality. Although nitrogen application benefits yield there is need

‘ance this with quality considerations so that a compromised rate is developed.
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lation of age with pol % showed that the varieties attained maximum pol% between 15

ist sugarcane to reach a stage of maturity. In this study potassium did not significantly
| quality (Annexes 42-47).This was also found by Gulati e al., (1998) and Woods

). However; this is contrary to findings by Hunsigi (2011) who reported that K

ased pol% cane.

e 7: Quadratic model for pol (%) of varieties with time

Constaht Coefficient Coefficient r’ Max
() (x")
» 9.953 2.048 -0.211 0.992 15
?83-737 10.474 1.775 -0.178 0.938 15
82-472  10.929 1.884 -0.188 0.925 16
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Figure 14: Effect of nitrogen rates on pol% of sugarcane varieties

54



 Variation of CCS% with nitrogen and potassium with age

mercial Cane Sugar (CCS %) provides an estimate of the percentage of recoverable
ose from cane.
o of varieties were significantly (P<0.05) different CO 421, KEN 82-472 and KEN
7 towards maturity (Annexes 48-52, Fig 15). These differences in CCS percent were
to differences in the earlier reported yield. This genetic variation indicates that the
elopment of varieties with high sucrose maybe an approach to increase quality of cane and
increase farmers’ income.

ximum value of CCS percent were attained without nitrogen fertilization while
‘um value of CCS percent was attained with 150 Kg N/ha (Figure 16) for all varieties.
;_ ° results are in agreement with Habib ef al (1991), Atta et al (1992a, b), Rehman ef al.,
w), Larrahando and Villagas,1995 and Ali et al. Alm.2002) who found that excessive N
lication led to undesirable reduction in sucrose due to its slowing down of ripening. Non-
ificant difference in CCS % at varied levels of N has also been reported by (Jeyaraman and
gudurai (2003), Patel et al. (2004), Saleem, (2012). While Ali et al, (2002) noted a
'lcant decrease in CCS % at higher rates of N. Gawander et al. (2004) found that cane yield
.,sucrosc content are significantly interrelated with applied fertilizers. Since nitrogen is for
‘ growth and quality its rate should be that which will balance adequate yicld and quality.
though potassium is vital for cane quality, in this study potassium did not significantly
quality (Annexes 48-52), this was also found by Gulati ef al, (1998) & Woods (1990)
s is contrary to results of Hunsigi (2011) where K increased pol% cane. These results

ow that potassium application is not necessary.

o




?

i (0421

==l KEN 83-737

=== KEN 82-472

12 13 14 15 16 21
Months After Planting

(]

f. ire 15: CCS % of varieties with age.

56




- TY
o ASENO UNIVERS! A\
PIER S MG, S, LIBRARY |

ARY, CONCLUSSIONS AND RECOMMENDATIONS ]

Summary .
v \L‘

;- cant (p<0.05) difference in the tillers numbers girth and stalk height among varieties
cated that yield and yield contributing traits of sugarcane largely depend on genotype.
standard variety CO 421 had similar yields as KEN 83-737 but was superior to KEN
72 Nitrogen fertilizer significantly (p<0.05) increased yield and yield contributing
iponents of sugarcane like tillers, cane thickness and height. Potassium on the hand did
:signiﬁcantly affect yield and its contributing components. The relationship between
,_gen and potassium application on stalk girth, height, volume and their effect on cane
;:_" was significant for all varieties 1*>0.5 towards harvest time of 15-16 MAP showing
t they may be used to predict yield with certéinty of over 50%.

nutrient status of varieties varied significantly (p<0.05) with the new varieties having
sher nutrient content than the standard, but N,P and K nutrient levels decreased with
creasing age Optimal sampling >time ranged between 4 and 7 MAP. Nitrogen fertilizer
'ﬁcantly (p<0.05) increased N, P and K uptake with 100 Kg N /ha giving the highest N
utrient levels. Potassium had no significant effect on leaf nutrient status.

'ﬁcant (p<0.05) difference in the quality characters studied among varieties indicated
at quality of sugarcane largely depend on genotype, with KEN 82-472 having the highest
ality. All the varieties reached maturity after 15 months shown by the levels of pol% and

CS. Nitrogen treatments had an adverse effect on pol% and CCS%, with the highest N rate

150 Kg N /ha) giving the lowest quality, Potassium did not influence the overall quality of
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onclusion

cane varieties Co 421 and KEN 83-737 had similar yields but higher than KEN 82-
Nitrogen rate of 100 Kg N/ha increased yields (P<0.05) demonstrating its benefit for
cane production. Application of potassium increased (P<0.05) yizlds, especially in
{ varieties, but not in Co 421. The mean level of leaf nutrient concentration suggests that
‘f- é large potential for yield increase with improved nutrition with sampling between 4
7 MAP. KEN 82-472 had the highest quality attained after 15 months shown by the
I of pol% and CCS.

mum harvesting age for the studied varieties should be 15- 16 MAP for optimum

. All growth traits should be used for prediction of yield potentials.
. 100 Kg N/Ha is still appropriate for plant crops of sugarcane, but there’s need for
review of K use for improved varieties.
. Foliar diagnostic tool should be used to guide fertilizer plant requirement between 5
to 7 MAP.

Appropriate harvesting time for improved varieties is15 - 16 MAP.
.4 Future Studies

- 1. Economic assessment of fertilizer rates for review of use.

2. Investigation of other non-sucrose factors that may affect quality.

59




F

further research to determine the effect of crop cycles on foliar nutrient for a

omprehensive fertilizer guide.
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