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ABSTRACT

A field experiment was conducted during kharif, 2011 on sandy clay soil to study
the effect of individual and integrated use of inorganic potassium, potassium humate and
triacontanol on yield and quality of tomato with the title “Yield and quality of tomato
(Solanum lycopersicum L.) with individual and integrated application of inorganic
potassium, potassium humate and triacontanol”. The experiment was conducted in
randomized block design with sixteen treatments replicated thrice. The treatments included
the individual application of inorganic K at 30, 45, and 60 kg K,O ha™ level and their
integration with either potassium humate or triacontanol or both (12 no’) besides the
individual application of potassium humate, triacontanol and inorganic K at 90 kg KO ha™
(3 no’) and a treatment comprising the combination of triacontanol and potassium humate
(1 no’). The effect of different treatments was evaluated in terms of dry matter production,
chlorophyll and carotenoid contents at flowering and yield at harvest. Plant samples were
analyzed for their per cent nutrient composition with respect to N, P and K at flowering
and at harvest. The uptake of nutrients was computed. The fresh fruit samples were
analysed for quality parameters. Soil nutrient status with regard to available N, P and K
were studied at flowering and at harvest of tomato crop.

The soil under study was sandy clay in texture, slightly alkaline and normal in salt
content with a CEC of 35.8 ¢ mol (p*) kg™. The soil was medium in organic carbon
(0.67%), low in available nitrogen (156.7 kg N ha™), high in available phosphorus (57.0 kg
ha™) and potassium (449.0 kg ha™).



Among the treatments, T, receiving 60 kg K,O ha™ along with foliar application of
potassium humate and triacontanol showed significantly higher dry matter production of
30.79 g ha™ which was 29 % more when compared to control receiving recommended dose
of 60 kg K,O ha™. However, this was on par with the dry matter produced by integrated
?pplication of potassium humate and triacontanol along with a lower dose of 45 kg K,O ha

The yield of tomato varied from 102.7 to 135.0 g ha™. The treatment receiving 60
kg K20 ha® along with foliar application of potassium humate and triacontanol recorded
the highest fruit yield of 135.0 q ha™ which was 18 % more than recommended dose of K.

The quality parameters viz., ascorbic acid, lycopene content and TSS were found
significantly higher in T4 with the corresponding values of 4.27 and 33.1 mg 100 g™ and
3.33 Brix %. On the contrary the titratable acidity gradually decreased with increasing
levels of inorganic K application having a significantly higher value of 0.68 per cent with
30 kg KO ha™. The N, P and K content and uptake by the crop were found to be
significantly influenced by the treatment T, which was significantly superior to the
recommended dose of K.

There was greater reduction in the available N and P content of the soil in T4 at both
the stages. Available K content of the soil got depleted from the initial value of 449 kg ha™
in all the treatments. The depletion was higher i.e., 10 per cent with the application of
triacontanol alone and got reduced to 2 per cent inT .

Thus by virtue of the above facts, the treatment T, is found to be the best in effective
utilization of the nutrients resulting in improved fruit yield, quality and returns of the crop
(high benefit — cost ratio) besides maintaining the available K status.



Chapter |
INTRODUCTION

In the past, the agricultural production was focused on maximizing the quantity of
fruits and vegetables produced for commercial market. However, modern consumers are
now interested in optimizing the nutritional composition of foods. Therefore, much
attention has now been placed on the agricultural practices that will enhance the nutritional
content of fruits and vegetables being produced today (Wang, 2006). Fertilizers play an
important role in increasing the production and improving the quality of vegetables and
among them potassium is considered to be the prime nutrient because of its role in various
physiological processes.

Vegetables play a very important role in human diet. They are rich source of vitamins
and minerals. These functional foods contain bioactive ingredients known as
phytochemicals or nutraceuticals that may increase health and fitness. One such
phytochemical is the carotenoid, lycopene found in tomato fruit and it is associated with the
inhibition of heart disease (Rissanen et al., 2003).

Tomatoes are a great vegetable loaded with a variety of vital nutrition especially
important for the human diet because of their content of vitamin C, carotenes, lycopene and
phenolic compounds and vitamin B1. In addition, tomatoes are a good source of vitamin
B6, folate, copper, niacin, vitamin B2, magnesium, iron, pantothenic acid, phosphorus,
vitamin E and protein (Davey et al., 2000).

According to Annual Report, National Horticultural Board (2010), in India, tomato is
cultivated in 0.61 million hectares with a production of 11.97 million tonnes and
productivity of 19.3 tonnes per hectare. In Andhra Pradesh, it is cultivated in 0.74 lakh
hectares with production and productivity of 1.4 million tonnes and 19 tonnes per hectare
respectively.

In plants, the physiological functions of K include enzyme activation, osmo-regulation,
photosynthesis and translocation of products of photosynthesis (Bergmann, 1992). In
tomato, and in almost all fruit and vegetable crops, K improves fruit quality (Dorais et al.,
2001).



From the literature it is understood that besides K, organic products like Triacontanol
(a neem based product with the formula CH3(CH;),sCH,OH) and K- humate also affect the
quality of tomato (Ali and Elbordiny, 2009 ; Khan et al., 2009). Triacontanol plays an
important role in manipulating the yield potential and augmenting the uptake of nutrients in
many vegetable species including tomato. The major growth regulatory effects of
triacontanol are photosynthesis stimulation and enhanced water uptake, which eventually
result in an increase in the dry weight. Triacontanol application has also been reported to
increase dry weight, CO, fixation, reducing sugars, soluble proteins and free amino acids in
various crops (Ries and Houtz, 1983), indicating its role towards growth, yield and quality
improvement of the crop.

The favorable effect of humic substances in stimulating growth, yield and vyield
attributes could be attributed to the presence of auxin like properties in HA (Schnitzer,
1978). The biological benefits are that it will stimulate plant growth through increasing root
systems, accelerate cell division and increase the dry matter yield without any detrimental
effect on the plants. The plants take more mineral elements due to better-developed root
systems (Zientara, 1983). Though limited research was carried out earlier on individual use
of the three components there was no information on the influence of the integrated use of
inorganic potassium, potassium humate and triacontanol on growth, yield and quality of
tomato.

Hence, keeping the above facts in view, the research work entitled “Yield and quality
of tomato (Solanum lycopersicum L.) with individual and integrated application of
inorganic potassium, potassium humate and triacontanol” was conducted to know
whether any interaction exists between inorganic K, triacontanol and K- humate with the

following objectives.



OBJECTIVES:

1. To study the response of tomato to the individual application of inorganic K,
triacontanol and K -humate in terms of yield and quality.

2. To study the effect of individual application of inorganic K, triacontanol and K —
humate on the K content and uptake by tomato.

3. To study the interaction effect of inorganic K, triacontanol and K —humate on the
yield, quality, K content and uptake by tomato.

4. To compute the economics of the individual and integrated use of inorganic K,

triacontanol and K -humate for tomato.



Chapter Il
REVIEW OF LITERATURE

The literature pertinent to the present investigation viz.,“Yield and quality of
tomato (Solanum lycopersicum L.) with individual and integrated application of
inorganic potassium, potassium humate and triacontanol” has been reviewed and the
effects of individual and integrated application of inorganic K, potassium humate and
triacontanol are presented under the following heads
2.1 Effect on dry matter production at flowering and yield at harvest

2.2 Effect on quality of crops

2.3 Effect on nutrients (N, P and K) content and uptake by plant

2.4  Effect on soil available nutrients at flowering and harvest

2.5 Simple correlations of K nutrition with yield and quality of the crop

2.6 Economics of the individual and integrated use of inorganic K, triacontanol and K -

humate in tomato
2.1 Effect on dry matter production at flowering and yield at harvest

Potassium plays a vital role in growth, plant productivity, metabolism, ionic
balance, activation of several enzymes and plants’ defense system (Marschner, 2002)

The total K was directly proportional to the dry matter content (Besford and Maw,
1975). The root yield of carrot increased when muriate of potash was applied at 100 kg
ha® (Basavaraja, 1986).

The total fruit yield of tomato significantly increased to 35.4 t ha™ with increasing
levels of potassium up to 100 kg K,O ha™ as compared to control yield of 29.2 t ha® on a
sandy loam soil with 65 ppm of available K (Rao, 1994). Lal et al. (1995) suggested that on
a silty clay loam soil with medium K status the treatments receiving 60 and 90 kg KO ha’

were at par.



Tomato crop needs moderate to high levels of K. Significantly higher yield of
525.33 g ha™ was obtained with the application of 90 kg K,O ha™ as against 297.66 q ha™
in the control on a loamy sand soil medium in available K content (Majumdar et al., 2000).

Increasing levels of potassium up to 60 kg ha™ on a sandy loam soil with 136.45 kg
K,0 ha™ resulted in increased marketable yield per hectare to 304.83 kg ha™ of tomato as
compared to control yield of 267.30 kg ha™ (Gupta and Sengar, 2000).

Bokhtiar et al. (2001) reported that four irrigation levels and K application at the
level of 120 kg K,O ha™ proved to be the best combination for the sustainable radish

cultivation in shallow red—brown terrace soil of Bangladesh.

On a loamy sand soil with an available K status of 190 kg KO ha™, the K levels
progressively increased the yield of tomato from 14.9 t ha™ at Ko level to 15.5 and 16.3 t ha”
at Ky and K g levels respectively (Duraisami and Mani, 2002).

The highest yield of tomato was obtained at a K level of 360 kg K,O ha™ with a
yield of 8.52 t ha™ and the lowest yield of 5.90 t ha™ was in the control. The effect of
different rates of K on the yield is significant at 1 % level (Yagmur et al., 2004).
Significantly higher fruit yield of tomato i.e., 24.9 t ha™ was obtained with application of
100 kg K,O ha™ as against 12.6 t ha’in the control and the same level of K from SOP
produced 15.4 t ha™. The yield increase was more pronounced with K applied as MOP
compared to SOP (Akhtari et al., 2010).

Increasing K rates from 0 to 200 kg K ha™ increased marketable fruit yield by 10%
and total fruit yield by 9% as compared to control (Liu et al., 2011).

Foliar application of potassium humate @ 2000 and 1250 mg kg™ on soybean
increased the average yield by 14.06 per cent compared to the control (Dong Fang et al.,
2002).

Soaking the seeds of wheat alone or combined with foliar spray of potassium
humate significantly increased both grain and straw yield of wheat plants, as compared to
control. The highest increase resulted from soaking seeds and as foliar spray enriched
potassium humate, which showed 36.9 and 85.8% increase over the control for grain and
straw yields respectively (Ali and Elbordiny, 2009). Similar findings were reported on



tomato by Rady (2011) that significant positive effects of 100 kg potassium humate along
with 50 t FYM ha™ was obtained on shoot dry weight plant™, root DW plant™ and total
fruit yield ha™.

Increase in wheat yield was from 2.5 to 3.6 t ha™ by the use of applied humic
fertilizer (Shahryari and Mollasadeghi, 2011).

Triacontanol is a straight chain alcohol of 30 carbon atoms and has been recognized
as a plant growth regulator and plays an important role in manipulating the yield potential
by augmenting the uptake of nutrients in many vegetable species including tomato (Ries
and Houtz, 1983).The per cent increase in the dry matter of tomato with application of
triacontanol was to the magnitude of 30 per cent (Eriksen et al., 1981).

Application of triacontanol increased the yield of lablab bean by 8 to 13 per cent
and by 101 to 156 per cent in Indian mustard. Maximum seed yield of 19.33 q ha™ of lablab
bean and 11.60 q ha® of Indian mustard was obtained with foliar spray of 0.5 ppm
triacontanol (Jadhav et al., 1987).

Application of triacontanol (Vipul 0.1 per cent EC) @ 300 ml ha™ to tomato on a
slightly alkaline soil with a high available K status of 295 kg K,O ha™ produced the highest
fruit yield of 35.1 t ha™ which was 16 per cent more over control (Muthuvel et al., 2001).

Namdeo et al. (2001) reported that foliar application of 250 mL triacontanol ha™ to
chickpea at 30, 40 and 50 days after sowing (DAS) produced the highest growth and yield
components with 25.8 per cent increase in grain yield compared to the control.

Application of triacontanol (Vipul of 0.1 per cent EC) @ 300 mL ha™ to chilli
grown on a sandy loam soil with medium status of available K resulted in the highest dry
pod yield of 36 t ha™(Muralidharan et al., 2002).

Application of triacontanol (Vipul 0.1%) @ 0.75 mL L™ to tomato resulted in
highest number of branches per plant (14.2), fruits per plant (94.67) and early and total
yields per plant of 0.480 and 3.24 kg respectively (Dhall and Ahuja, 2004).

Application of triacontanol @ 1 ppm to tomato resulted in increased fruit yield, as
compared to control (Khan et al., 2006). Foliar spray of 10° M TRIA to hyacinth bean



(Lablab purpureus L.) significantly increased seed yield by 56.3 per cent when compared
to unsprayed plants (Naeem et al., 2009).

Foliar application of triacontanol along with the recommended dose of NPK on the
growth and yield of lowland rice revealed that triacontanol sprayed at 0.1 per cent
concentration realized the highest plant height of 81 cm, number of tillers/hill of 8.02, grain
yield of 4.71 t ha™ and straw yield of 7.25 t ha™ (Vaiyapuri and Sriramachandrasekharan,
2003).

In a field experiment on a sandy loam soil high in available K status, the application
of 100% NPK with humic acid applied to soil @ 10 kg ha™ and as foliar spray @ 0.1% +
rhizome dipping at 0.1% significantly enhanced the growth and yield attributes, fresh and
cured rhizome yields of turmeric (Baskar and Sankaran, 2005).

Application of 100% or 75% STCR recommended levels of NPK along with
potassium humate at 30 or 40 kg ha® or combination of soil application of potassium
humate @ 20 kg ha' + 1% seed soaking + 0.1% foliar spraying with 100% STCR
recommended fertilizers recorded significantly higher yield of cotton on a typic vertic
Ustochrept (Kalaichelvi and Chinnusamy, 2008).

Sathiyabama and Selvakumari (2001) reported that application of 10 kg humic acid
ha*, along with 75% recommended NPK to amaranthus influenced the production of green
matter significantly, besides recording higher nutrient content.

The higher bulb yield of 18.7 t ha™ in onion was obtained in the treatment receiving
100% NPK plus humic acid @ 20 kg ha™ which was higher by 11.31 per cent over the
yield with inorganic fertilizers alone (Sangeetha et al., 2008).

Application of 75% RDF along with humic acid @ 30 kg ha™ to chilli was found to
be superior in increasing yield of fresh and dry fruits to 12.86 and 3.35 t ha™ respectively
(Dileep and Sasikala, 2009).

The combined application of 90 kg K,O ha™ with triacontanol @ 1 pM
concentration proved to be the best to increase the fruit yield of tomato by 57.6 per cent
over control on a sandy loam soil rating low in available K content of 108 kg ha™ (Khan et
al., 2009).



2.2  Effect on quality of crops

Curcumin content of mother and primary rhizomes of turmeric increased
significantly when muriate of potash was applied 90 kg ha™ (Mohanbabu and Muthuswami,
1984).

Increased values of TSS (in per cent), titratable acidity (in per cent) and ascorbic
acid (in mg 100 g™) in the fruit of tomato to 4.2, 0.54 and 28 respectively were observed
with K application @ 200 kg K;O ha™ with the corresponding values of 3.9, 0.45 and 24 in
the control (Rao, 1994).

Tomato crop needs moderate to high levels of K. The total soluble solid and
ascorbic acid contents were higher i.e., 4.77 per cent and 28.677 mg per 100 g with the
application of 90 kg K,O ha™ (Majumdar et al., 2000).

The K levels progressively increased the TSS of 3.91 at K, level to 4.01 and 4.30 at
Kao and Kgg levels respectively in tomato (Duraisami and Mani, 2002).

The TSS and Vitamin C contents of tomato fruit increased up to 240 kg K,O ha™.
Significant relationships existed between the enhanced fertilizer rates and TSS, acidity and
Vitamin C (Yagmur et al., 2004).

Maximum Lycopene content of 7.4 mg per 100 g was obtained with the application
of 60 kg K,0 ha™ along with N and P,Os @ 60 : 60 kg ha™ (Diana et al., 2007) on a soil
with available K content of 160 ppm.

Foliar application of enriched humic substances showed a significant influence on
the quality of tomato by recording higher value of total soluble solids (5.3Brix %), reducing
sugars (2.0%), total sugars (2.30%), acidity (0.52%) and ascorbic acid (30.0 mg/100g) as
compared to control (Reddy et al., 2004).

Rady (2011) reported that significant positive effects were found with the
application of 100 kg potassium humate + 50 MT FYM ha™ on leaf free proline content,
fruit vitamin C and total soluble solids (TSS) contents of tomato when compared with the
other three combinations of potassium humate and FYM i.e., 50 kg KH+25 metric tonnes
FYM, 50 kg KH+50 MT FYM, 100 kg KH+25 MT FYM.

Application of triacontanol (Vipul of 0.1 per cent EC) @ 300 mL ha™ to tomato

resulted in maximum TSS of 4.68 °Brix, highest ascorbic acid content of 20.7 mg 100 g,



highest sugar content of 5.01 per cent and lowest titratable acidity of 0.45 per cent as
compared to control (Muralidharan et al., 2000). Foliar application of triacontanol (Vipul
0.1 per cent EC) @ 300 ml ha™ to chilli resulted in the highest capsaicin content of 4.67
mg/100 g, total soluble solids content of 12.1 ° brix, and ascorbic acid content of 126 mg
100 g™ in ripe fruits (Muralidharan et al., 2002).

Application of triacontanol @ 1ppm to tomato resulted in increased lycopene
content to 1235 pg 100 g™ and p-carotene content to 1710 ug 100 g™ in fruits as compared
to control (Khan et al., 2006).

Foliar spray of 10°M triacontanol to hyacinth bean (Lablab purpureus L.)
significantly increased the protein content by 14.5 per cent over unsprayed plants (Naeem
etal., 2009). The treatments receiving K at rates of 200, 400, and 600 kg K,O ha™
increased the soluble solid content of tomato fruit by 3, 6, and 8 per cent respectively over
control (Liu et al., 2011).

The treatment receiving 100% NPK plus humic acid @ 20 kg ha™ significantly
improved the quality parameters such as total soluble solids, ascorbic acid content, total
sugars and pyruvic acid content of onion bulb as compared to other treatment combination
(Sangeetha et al., 2008).

The combined application of 90 kg K,O ha™ with triacontanol @ 1 pM
concentration proved to be the best to increase the leaf chlorophyll, B carotenoid contents,
lycopene, ascorbic acid and fruit yield of tomato by 15.2, 8.3, 9.5, 6.7 and 57.6 per cent
over control on a sandy loam soil rating low in available K content of 108 kg ha™ (Khan et
al., 2009).

Foliar application of K humate @ 40 L fed™ (1 feddan = 4200 m?) enriched with N,
P and K showed 95.6 and 68.4 per cent increase over control for protein and carbohydrate
content, respectively (Ali and Elbordiny, 2009)

Application of 75% RDF along with humic acid @ 30 kg ha™ to chilli crop was
found to be superior in producing the fruits with maximum quality having the ascorbic acid,
oleoresin, capsanthin and capsaicin contents of 140.80 mg 100 g™, 14.12 per cent, 45.52
ASTA units and 0.79 per cent respectively (Dileep and Sasikala, 2009)



2.3  Effect on the nutrients (N, P and K) content and their uptake by

the crops

Application of potassium to potato crop in graded levels in the form of muriate of
potash and potassium schoenite showed a significantly higher K uptake at 100 kg K,O ha™
(Maity and Arora, 1980).

The K content of cabbage grown on an Alfisol with an available K status of 140 kg
ha™ was influenced significantly with the application of K. The K content of the plant at 30,
60 days of age and at harvest were 2.0, 1.30 and 1.68 per cent in the control, which
increased significantly to 3.08, 1.85 and 2.27 per cent with the application of 200 kg KO
ha™. The K content of the curd also showed a significant increase from 2.0 to 2.78 per cent
in the treatment (Rao and Subramanian, 1991).

Lal et al. (1995) reported that application of 90 kg K,O ha™ to sesame resulted in
increased K content to 0.68 per cent and K uptake to 35.1 kg ha™ over control.

Application of different levels of potassium showed significant increase in K
content and total K uptake by sweet potato. The per cent K content of shoot was lower
(1.57%) than the K content in tubers (2.17%) at harvest. This was due to translocation of
potassium from source to sink during tuber formation and development stage (Padmaja and

Sreenivasa Raju, 1999).

Significant increase in K content of carrot with increase in level of K was observed
in a field experiment on a sandy loam soil. The mean K content in per cent increased from
1.56 to 2.37, 2.2 t0 5.37 and 1.97 to 3.74 per cent at 30, 60 and 90 DAS. The K uptake also
increased with K level (Anjaiah et al., 2005).

The leaf K content of tomato increased from 2.44 to 3.85 g kg™ with the application
of 372 kg K,0 ha™ on loamy soil with low available K content and it was found that the
leaf K content and lycopene content correlated positively (Taber et al., 2008).

The highest K uptake of 106.77 kg ha™ by chilli was noticed with the application of
K at 150% RDK through sulfate of potash in 2 split doses in a field experiment conducted
in Karnataka, India, on Typic Chromustert (Prabhavathi et al., 2009).



Application of 10 kg humic acid ha™ along with 75% recommended NPK to
amaranthus resulted in a higher nutrient content (Sathiyabama and Selvakumari (2001).
Increased contents of both macronutrients (N, P and K) and micronutrients (Fe, Mn, Zn,
and Cu) and their uptake by wheat and broad bean plants were recorded by increasing the
rate of potassium humate from 50 to 100 micro g g™ (Rizk and Mashhour, 2008).

The foliar application of potassium humate at a rate of 40 L Fed™ individually or
combined with soaking was more effective on N, P and K uptakes by straw and grain of
wheat plants than other treatments. In addition, foliar application of K-humate enriched had
a greater effect as compared to K-humate only (Ali and Elbordiny, 2009).

Significant positive effect was showed by of 100 kg KH + 50 MT FYM ha™ on leaf
mineral composition (N, P, K, Fe, Mn, and Zn), leaf and fruit nitrite (NO2) and nitrate
(NO3) contents, when compared with the other three KH+FYM treatments i.e., 50 kg
KH+25 metric tonnes (MT) FYM, 50 kg KH+50 MT FYM, 100 kg KH+25 MT FYM.
(Rady, 2011).

Application of triacontanol (Vipul 0.1 per cent EC) @ 300 mL ha™ to tomato
resulted in maximum K content of 3.62 and 2.72 per cent respectively in the fruit and
stover; with corresponding removal to the extent of 90.0 and 68.9 kg ha™ by fruits and
stover (Muthuvel et al., 2001).

Foliar application of 250 mL ha™ triacontanol (Vipul) to chickpea recorded the
highest K uptake of 72.38 kg ha® compared to the control (Namdeo et al., 2001).
Similarly, foliar application of triacontanol @ 0.1% along with the recommended dose of
NPK registered the highest removal of nutrients to the extent of 106.7, 29.0, 51.8 kg NPK
ha*respectively (Vaiyapuri and Sriramachandrasekharan, 2003).

The combined application of 90 kg K,O ha™ with triacontanol @ 1 pM
concentration showed maximum increase in N, P and K contents exceeding control by 14.9,
32.6 and 26.3 per cent respectively (Khan et al., 2009).

2.4  Effect on soil available nutrients at flowering and at harvest

With increase in the dose of potassium there was a progressive increase in the status
of available K in the soil with the highest value of 209.5 kg ha™at 80 kg K,O ha™ level as
against 181.8 kg ha™ in the control on a loamy sand with available K content of 190 kg ha™



with tomato as the test crop (Duraisamy and Mani, 2002). Similarly, the available P status
of the soil increased with the application of potassium humate to the soil (Kalaichelvi and
Chinnusamy, 2005).

2.5 Simple correlations of K nutrition with yield and quality of the crop

Bray’s per cent yield correlated positively and significantly with plant K (r=0.64*%*),
K uptake (r=0.87**) by mustard and available K content of soil with r = 0.56* (Ghosh and
Mukhopadhyay, 1996).

The soil exchangeable K correlated positively and significantly with the leaf K
(0.257), fruit K (0.54™) and soluble solids (0.237). The plant K content also showed a
positive and significant correlation with fruit K (0.19™) and soluble solid (0.28”") in tomato
on a silty clay soil (Hartz et al., 1999).

The colour value of chillies has significant positive relationship with available K of
soil (Bidari et al., 2004). Potassium concentration of whole red fruit/ pericarp component in
chilli bear significant positive relationship with quality attributes particularly colour value
(r =0.86* and 0.96%).

Prabhavathi et al. (2008) reported that highest correlation coefficients (r) 0.855**
and 0.909** were observed in case of colour value and per cent oleoresin respectively with
K concentration of whole red chilli fruit.

In a field experiment on a loam soil with low available K content, it was found that
the leaf K content and lycopene contents correlated positively with levels (Taber et al.,
2008).

2.6 Economics of the individual and integrated use of inorganic K,

triacontanol and K -humate

Increasing potassium dose from 0 to 60 kg K,O ha™ in sesame gave net returns of
Rs.12, 514 /- ha™ and Benefit - cost ratio of 2.51 (Lal et al. 1995). Application of 80 kg
K,O ha® to soybean resulted in increased net returns of Rs. 10,627.16/- ha™ over the net
returns of Rs. 8026.17/- ha™ from the control (Singh and Singh, 1995).



Foliar application of Triacontanol @ 0.05% to mustard gave significantly highest
net returns (Rs. 9026 ha™): the per cent increase over the growth regulators such as

multiplex and mixtalor was to the tune of 84.99 and 18.45 of respectively (Sumeria, 2003).

Economic analysis showed that the application of 60 K,O ha™ to intercropping of
french bean and potato earned Rs. 49819 ha™ maximum profit which has Rs. 8406 ha™

more over control (Sherawat and Singh, 2009).

Based on the literature available, it is understood that though there is some work on
the individual use of inorganic K, potassium humate and triacontanol on crops like tomato
for which the quality plays a role in producing marketable yield, the research on the
integrated use of the three components is not documented which may further improve the
growth, yield and quality of the crop thus giving good returns.



Chapter - 111
MATERIALS AND METHODS

The present investigation entitled “Yield and quality of tomato (Solanum
lycopersicum L.) with individual and integrated application of inorganic potassium,
potassium humate and triacontanol” was carried out under field conditions during
kharif, 2011. The details of the research work carried out, methodologies adopted and

materials used in these investigations are as follows.

3.1 Location of the Experimental Site

The field experiment was conducted at College Farm, College of Agriculture,
Rajendranagar, Hyderabad. The farm is geographically situated at 78°28" East longitude
and 17°19° North latitude and at an altitude of 542.3 m above mean sea level. The

climate of Hyderabad is tropical semi-arid.
3.1.1 Characteristics of the experimental site

The experiment was conducted in sandy clay soil. The initial soil sample was
collected prior to the layout of the experiment from 0-15 cm depth and analyzed for
physical, physico-chemical and chemical properties following standard analytical

methods.

3.1.2 Methods of soil analysis

The initial soil sample and soil samples collected at different stages of the crop
from the field were analyzed for physical, physico-chemical and chemical properties

following standard procedures as given below.

Soil characters Method of analysis

)] Physical properties
a) Mechanical composition Piper (1966)
I)  Physico-chemical properties

a) Soil reaction (pH) Glass electrode pH meter, Model

(1:2.5 soil : water suspension) D1-707 (Jackson, 1973)



b)  Electrical conductivity

(1:2.5 soil : water extract)

I11) Chemical properties

1)  Organic carbon (%)

2)  Available nitrogen

3)  Available phosphorus

4)  Available potassium

Conductivity  bridge,  DI-909
(Jackson, 1973)

Wet digestion method (Walkley
and Black, 1934)

Alkaline permanganate method
(Subbiah and Asija, 1956)

Olsen’s method (Olsen et al, 1954)

Ammonium acetate method

Jackson (1973)

3.1.3 Weather during the crop growth period

The weather parameters were collected from the meteorological observatory

located at Agricultural Research Institute, Rajendranagar, Hyderabad. The weather data

during the crop season is presented in Table3.1.

3.2 Field Experiment

The field experiment was laid out in Randomized Block Design with sixteen

treatments replicated thrice. The layout plan is depicted in Fig.3.1.

3.2.1 Crop details

Crop

Variety

Season
Duration

Seed rate
Spacing

Gross plot size
Net plot size
Planting pattern

Treatments

Tomato

ArkaVikas

Kharif, 2011

105-120 days

500 g ha™

60 cm x 45 cm
6mx4.05m

54 mx3.15m

Single row-line planting
16



Replications 3
Design : RBD
Recommended dose of fertilizers : 120-60 — 60 N-P,0s-K,0 kg ha™*

3.2.2 Treatment details

T:: 60 kg K,0 ha! (Recommended K) as basal application (control)

T, Ty + Foliar application of triacontanol

Ts: Ty + Foliar application of K- humate

T, T+ Foliar application of triacontanol and K- humate

Ts: 45 kg K0 ha™ as basal application

Te:  Ts+ Foliar application of triacontanol

T;:  Ts+ Foliar application of K- humate

Tg:  Ts+ Foliar application of triacontanol and K- humate

To: 30 kg K0 ha™ as basal application

Ti0:  Tot Foliar application of triacontanol

Tiu: To+ Foliar application of K- humate

Ti:  Tot Foliar application of triacontanol and K- humate

Ti3:  Foliar application of triacontanol

T Foliar application of K- humate

Tis:  Foliar application of triacontanol and K- humate

Tis:  Inorganic K @ 90 kg K0 ha™ as basal application
Triacontanol was sprayed @ 1t M concentration 4 times starting from 40DAT @ 10
days interval and K- humate was applied as foliar spray one time @ 0.5 L per acre at
flowering. Potassium humate has 12 % K and about 0.2 kg of K was applied through

foliar application of K — humate.

3.2.3 Calendar of operations

The details of the calendar of operations carried out from sowing to harvest of

tomato crop are furnished below

S.No. Name of the operation Date of the operation

1. Nursery bed preparation and - 16-6-2011 & 17-6-2011
sowing

2. Irrigation and weeding - 18-6-2011 to 27-6-2011

3. Insecticide spraying in nursery - 28-6-2011 & 11-7-2011



N o o o &

10.
11.

12.
13.
14.

15.
16.
17.

18.
19.
20.
21.

Irrigation and weeding
Main field preparation
Layout

Transplanting & Irrigation
Application of fertilizers
(treatment wise)

Gap filling

Weeding &Earthing up

Irrigation

Application of first split dose of
urea

Application of potassium humate
First spraying of triacontanol
Application of second split dose
of urea

Application of insecticide
Second spraying of triacontanol
Application of third split dose of
urea

Third spraying of triacontanol
Fourth spraying of triacontanol
Irrigations

Harvesting (14 pickings)

12-7-2011
19-7-2011
20-7-2011
21-7-2011
27-7-2011

29-7-2011
8-8-2011 &
29-8-2011
10& 17-8-2011
23-8-2011

29-8-2011
5-9-2011
8-9-2011

10-9-2011
16-9-2011
26-9-2011

27-9-2011
10-10-2011
As per requirement
17-9-2011t023-11-2011

3.2.4 Cultivation details

3.2.4.1 Field preparation

The experimental field was ploughed with tractor drawn disc plough followed by

two ploughings with cultivator and the clods were broken with rotavator. The field was

uniformly leveled.

3.2.4.2 Nursery raising and transplanting

The seeds were sown on well prepared raised nursery bed. Necessary plant

protection measures were followed while raising nursery for the control of common

insect pests and diseases. Thirty days old seedlings were transplanted at the rate of one



seedling per hill with a spacing of 60 x 45 cm. Gap filling was done wherever
necessary, within a week after transplantation.
3.2.4.3 Fertilizer application

Inorganic potassium in the form of muriate of potash was applied after
transplanting to the respective plots as per the treatment requirements and was
incorporated into the soil. Nitrogen was applied in the form of urea. Nitrogen was
applied in three split doses at 30, 45 & 60 DAT. Entire dose of phosphorus (60 kg P20s

ha™*) was applied as basal in the form of diammonium phosphate.

3.2.4.4 Irrigation

First irrigation was given immediately after transplanting while subsequent
irrigations were given depending on moisture and weather conditions. A total of five
irrigations were given to the tomato crop of 110 days duration, because of irregular

rains during the crop growth period.
3.2.4.5 Cultural practices

Gap filling was done a week after planting. Hand weeding was done twice at 15

and 30 days after transplanting and earthing up was done to prevent lodging.
3.2.4.6 Plant Protection

Proper plant protection measures were taken up against tomato fruit borer and
other diseases. Blitox-50 was sprayed @ 3g L™ to nursery bed to control damping off
disease. Insecticide chloropyriphos @ 2ml L™ was sprayed at fruiting stage for the

control of fruit borer.
3.2.4.7 Harvesting

Tomato fruits were harvested at five days interval and a total of 14 pickings were
taken and yield was recorded, the dry matter yield at flowering and haulm yields at

harvest were also recorded and expressed in q ha™.
3.3 Soil and Plant Analysis

3.3.1 Soil analysis

The soil samples collected at different growth stages of the crop viz., flowering and

final harvest were analysed for available N, P and K and organic carbon content.



3.3.2 Plant analysis

Plant samples collected at flowering and at final harvest were oven dried at 65° C.
The dried samples were powdered and analyzed for per cent N, P and K contents by

adopting the standard procedures (Piper, 1966).

The dry matter production (kg ha™) was also recorded to compute nutrient uptake

at different growth stages.

N content (%) x Dry matter production (kg ha™)
N uptake (kg ha™) =

100

P content (%) x Dry matter production (kg ha™)

P uptake (kg ha™) =
100

K content (%) x Dry matter production (kg ha™)

K uptake (kg ha™) =
100

3.3.3 Fruit analysis for quality

Fresh tomato fruits were analyzed for quality parameters following standard

procedures.
3.3.3.1 Lycopene content

Lycopene content of tomato fruit was assessed as per the procedure given below

and expressed in mg 100 g™ (Ranganna, 1986).
Reagents

1. Acetone

2. Petroleum ether

3. Sodium sulphate 5 %: This was prepared by dissolving 5 g Sodium sulphate in
100 mL of distilled water.



Procedure

Ten grams of the puree was taken and extracted repeatedly with acetone in a pestle
and mortar until the residue is colorless. The acetone extract was transferred to a
separating funnel containing 10 to 15 mL of petroleum ether and mixed gently. The
carotenoid pigments were taken into the petroleum ether by diluting the acetone (lower
phase) with water or water containing 5% sodium sulphate. The lower phase was
transferred to another separating funnel and the petroleum ether extract containing
carotenoid pigments to an amber coloured bottle. Extraction of the acetone phase was
repeated similarly with petroleum ether until it is colourless. The acetone phase was
discarded. To the petroleum ether extract, a small quantity of anhydrous sodium
sulphate was added, transferred to a 50 mL volumetric flask and diluted to the mark
with petroleum ether and the colour was measured in a 1cm cell at 473 nm in a

spectrophotometer using petroleum ether as blank.
Calculation

Lycopene content of the sample was calculated as given below using the

relationship that an optical density (OD) of 1.0 = 2.88 g of lycopene per ml.

2.88 x OD of sample x volume made up x 100

mg of lycopene per 100g= =

Wt of the sample x 1000

3.3.3.2 Ascorbic acid

Ascorbic acid (vitamin C) content of tomato fruit was analyzed by dichlorophenol

indophenol dye method as given below and expressed in mg 100 g™ (Ranganna, 1986).
Reagents

1. Metaphosphoric acid 3%: Prepared by dissolving the sticks or pellets of

metaphosphoric acid in glass distilled water.

2. Ascorbic acid standard: Accurately 100 mg of L-ascorbic acid was taken and

made up to 100 ml with 3% metaphosphoric acid.



3. Dye solution: 50 mg of the sodium salt of 2, 6-dichlorophenol-indophenol was
dissolved in approximately 150 mL of hot glass distilled water containing 42 mg

of sodium bicarbonate. Cooled and diluted with glass distilled water to 200 ml.
Procedure
Standardization of Dye

An aliquot of 5ml of standard ascorbic acid solution was taken and 5 mL of HPOs
was added. Microburette was filled with the dye and then titrated with the dye solution
to a pink colour which should persist for 15 sec. Dye factor was determined, i.e. mg of

ascorbic per mL of the dye, using the formula:
0.5
Dye factor =
Titre value
Preparation of sample

A sample of 10g of the sample was taken, blended with 3% HPO3; and made up to
100 mL with HPOg3, Filtered through filter paper.

Assay of the extract

An aliquot (2-10 mL) of the HPOs extract of the sample was taken and titrated with
the standard dye to a pink end-point which should persist for at least 15 sec. In the next
determination, most of the dye required was added and then titrated accurately. The

aliquot of sample taken should be such that the titre should not exceed 3 to 5 mL.
Calculation

The ascorbic acid content of the sample was calculated from the following

formula:

Titre value x dye factor x volume made up x 100

mg of ascorbic acid per =
100 g of the sample Aliquot of extract x Wt of sample

taken for estimation taken for estimation



3.3.3.3 Titratable Acidity

The titratable acidity of tomato fruit was assessed as per the procedure described
below and expressed in g 100 mL™ (Friedrich, 2001).

Reagents

1.NaOHO0.1 N

2. Phenolpthalein indicator
Procedure

The sample was taken and macerated by adding equal parts of distilled water and
centrifuged at 2500 rpm for 5 mins. The supernatant was then transferred to a 100 mL
volumetric flask and volume made upto 100 mL with distilled water. Then 10 mL of
aliquot was taken in a conical flask and 2- 3 drops of phenolpthalein indicator was put
in it. After that it was titrated against 0.1 N NaOH till light pink color appears. The end
point was noted and titratable acidity was estimated.

Calculation

The titratable acidity of the sample was calculated from the following formula:

Vx N x meq. wt of citric acid x 100x2

TA (9/100 ml) =

1000 x v

Where V is volume of sodium hydroxide solution used for titration (mL), N is normality
of sodium hydroxide solution, meq. wt. is milliequivalent weight of the standard i.e.,

citric acid which equals to 64, v is sample volume (mL) and 2 is the dilution factor.
3.3.3.4 Total Soluble Solids

The total soluble sugars of tomato fruit was analyzed using digital refractometer

and expressed as % Brix value (Ranganna, 1986).
Procedure

The sample was taken and crushed and filtered. The digital refractometer was
taken and zero setting was performed before using. Approximately 0.3 mL of distilled
water was placed on the prism surface. After that the start key was pressed and the
measured value got displayed on the screen after the arrow blinked 3 times. After *‘000’
got displayed the zero setting had been successfully completed. Then the water was

dried off the prism surface by wiping with a tissue paper and approximately 0.3 mL of



the sample was placed on the prism surface. The start key was pressed and the measured
value got displayed on the screen after the arrow blinked 3 times. The measured value

remains displayed for approximately 2 minutes.
Calculation
The percentage of TSS was expressed in Brix value (%).
3.3.3.5 Leaf Chlorophyll and Carotenoid
Carotenoid

Total carotenoid content of tomato leaves was estimated using the method of Ma
Clachlan and Zalik (1963).

Reagents
1. Acetone 80 %
Procedure

One hundred mg fresh tissue from interveinal areas of leaves was ground using
mortar and pestle in acetone 80 %. The suspension was filtered using filter paper
(Whatman No. 1). The absorbance of the pigment solution was recorded at 480 and 510

nm using a spectrophotometer using acetone 80 % as blank.
Calculation
The contents were expressed as mg g ™.

3.3.3.6 Chlorophyll content

Chlorophyll content of the intact leaves was recorded with a SPAD meter and the

readings were expressed in SPAD units.
3.4 Benefit Cost Ratio

The benefit cost ratios were calculated using the following formula

Net Returns (Rs ha™)

Benefit Cost Ratio

Total cost of cultivation (Rs ha™)



3.5 Statistical Analysis

The data on various parameters were statistically analyzed following the method of
analysis of variance for randomized block design (Snedecor and Cochron, 1967).
Critical difference for examining treatment means and their significance was calculated

at 5 per cent level of probability.
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Figure 3.1. Layout of the field experiment
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Table 3.1 Weekly mean meteorological data recorded during the crop growth

period (June to December, 2011).

Temperature (°C) RH (%) Rain Sun | Evapo-

Period . fall shine ration

Max Min I Il (mm) (hrs) (mm)
28-03 JUN 38.1 25.8 67 41 0.0 7.0 6.5
04-10 34.0 24.7 75 52 26.8 5.7 6.3
11-17 34.9 24.0 76 43 4.3 5.7 5.8
18-24 35.3 24.4 72 38 0.0 74 6.1
25-01 JUL 35.0 24.2 75 44 9.6 15 5.9
02-08 313 22.4 91 64 89.0 25 45
09-15 30.7 22.6 84 64 38.8 5.6 5.2
16-22 31.6 23.3 82 59 15.0 5.2 5.0
23-29 30.6 21.9 93 65 48.2 5.2 4.3
30-05 AUG 29.5 22.6 87 65 10.4 3.2 4.6
06-12 314 23.3 90 63 1.8 4.9 5.0
13-19 317 23.2 89 76 11.0 6.2 5.2
20-26 30.2 22.2 95 73 106.6 35 35
27-02 SEP 27.7 22.1 89 80 61.5 15 3.4
03-09 29.7 22.2 90 79 30.6 5.2 2.7
10-16 313 22.5 89 74 0.0 6.2 2.9
17-23 30.5 22.4 83 69 12.0 5.0 2.8
24-30 317 20.7 88 74 35 6.5 2.9
01-07 OCT 324 20.5 89 74 8.2 6.8 2.7
08-14 32.0 21.1 91 64 28.5 55 2.7
15-21 32.9 19.9 90 67 1.0 8.2 2.8
22-28 317 19.9 91 76 10.2 7.1 2.8
29-04 NOV 29.5 19.7 91 61 27.5 4.4 2.4
05-11 30.7 14.4 77 38 0.0 9.2 2.4
12-18 30.7 14.5 85 42 0.0 8.6 2.4
19-25 29.8 12.5 81 42 0.0 9.1 2.4
26-02 DEC 30.2 17.2 78 42 0.0 8.0 2.5
03-09 30.5 12.9 84 33 0.0 8.6 2.4
10-16 30.2 14.2 83 50 0.0 8.1 2.2
17-23 29.0 11.8 82 49 0.0 8.4 2.2
24-31 29.8 11.6 84 32 0.0 8.7 2.2




Chapter IV

RESULTS AND DISCUSSION

The present experiment entitled “Yield and Quality of Tomato (Solanum
lycopersicum L.) with individual and integrated application of Inorganic Potassium,
Potassium humate and Triacontanol” was carried out during kharif season on sandy clay
soil at College Farm, College of Agriculture, Rajendranagar, Hyderabad during 2011. The
effect of individual and integrated application of inorganic potassium, potassium humate
and triacontanol on dry matter production, yield, nutrient uptake, quality parameters and
available nutrient status were studied under field conditions. The results of investigation are

presented and discussed in this chapter.
4.1 Salient soil characteristics of the experimental site

The initial soil sample collected from experimental field was analyzed for physical,
physico-chemical and chemical properties. The data pertaining to salient soil characteristics
are presented in Table4.1.

The soil was sandy clay in texture, slightly alkaline in reaction with a pH of 7.64,
normal in salt content (0.19 dS m™), with a CEC of 35.8 ¢ mol (p*) kg™, medium in organic
carbon content (0.67%), low in available nitrogen (156.7 kg N ha™), high in available
phosphorus (57.0 kg P ha™) and potassium (449.0 kg K ha™).

4.2 Effect of individual and integrated application of inorganic
potassium, triacontanol and potassium humate on dry matter

production (g ha™*) of tomato at flowering

The dry matter put forth by tomato at flowering was significantly influenced by the

combined application of inorganic K, potassium humate and triacontanol.

At flowering, the dry matter produced with the individual application of
recommended dose inorganic K @ 60 kg K,O ha™(Ty), foliar applications of triacontanol
(T13) and potassium humate (T14) were 23.79, 21.57 and 20.30 q ha™ respectively.



A higher dose of 90 kg K,O ha™ (Ty) also was found to be inferior with a dry
matter production of 25.17 q ha™. Individual application of either triacontanol or potassium
humate or their combined application without inorganic K produced significantly lower dry
matter yields of tomato (Table4.2).

Among the treatments, T, receiving 60 kg K,O ha™ along with foliar application of
potassium humate and triacontanol showed significantly higher dry matter production of
30.79 g ha™ which was 29 % more when compared to control receiving recommended dose
of 60 kg K,O ha™. However, this was on par with the dry matter produced by integrated
application of potassium humate and triacontanol along with a lower dose of 45 kg K;O ha
(Table4.2).

These findings are in agreement with the reports of Besford and Maw (1975).
Potassium plays a vital role in growth and plant productivity, metabolism, ionic balance,
activation of several enzymes and plant defense systems (Marschner, 2002). Plant growth
regulator triacontanol plays an important role in manipulating the yield potential and
augmenting the uptake of nutrients in many vegetable species including tomato (Muthuvel
et al., 2001). TRIA treated plants had a significantly higher rate of photosynthesis and
hence increased the dry weight by 30 per cent as was documented by Eriksen et al. (1981).
The positive influence of TRIA on tomato is stimulation of photosynthesis and enhanced
water uptake, which eventually results in increase in the dry weight. It also hastens the cell
elongation and division and results in the increased fruit size due to assimilation of more
carbohydrates (Sharma, 1995; Ries and Houtz, 1983).

4.3 Effect of individual and integrated application of inorganic

potassium, triacontanol and potassium humate on fruit yield

The total fruit yield of the tomato recorded at different pickings were presented in
Table4.3 and illustrated in Fig.4.1. The yield of tomato varied from 102.7 g ha™ in the
treatment receiving individual application of 30 kg K20 ha™ (T,) to a significantly higher
yield of 135.0 g ha™ when 60 kg KO ha™ was integrated with triacontanol and potassium
humate (T4), which was 18 per cent more when compared to control (T;) receiving

recommended dose of K.



However, the fruit yields obtained from the treatments integrating the triacontanol
and potassium humate with either 45 or 60 kg K;O ha™ were all at par. Individual
applications of either inorganic K at any level or triacontanol or potassium humate were

found to be significantly inferior to the best treatment (Table4.3).

Conjunctive use of chemical fertilizer with foliar application of potassium humate
and triacontanol produced higher yields as compared to their individual applications due to
increase in nutrient uptake from soil and effective utilization of foliar applied nutrients.
This might be due to soil application of inorganic potassium resulting in increased uptake
of nutrients and improved translocation of photosynthates and other metabolites to the
reproductive parts and foliar application of potassium humate and triacontanol resulted in
accumulation of increased assimilates in the sink and increase in chlorophyll content and
photosynthetic area of the plant, which is responsible for the increased photosynthetic
efficiency (Muthuvel et al., 2001 and Marschner, 2002). The results are in agreement with
the findings of Duraisamy and Mani (2002) in tomato.

Application of TRIA might also have reduced the flower drop and increased the
partitioning of assimilates towards sink to increase the number and weight of the fruits per
plant and harvest index (Jadhav et al., 1987).

Earlier research also established that the crop responded best to the treatment
combination of inorganic K at 90 kg K,O ha® and TRIA @ 1 pM that enhanced fruit yield
by 57.6 per cent over the control (Khan et al., 2009). Similar results were observed by
Baskar and Sankaran (2005) in turmeric. Schnitzer (1978) reported that the favorable effect
of humic substances in stimulating growth, yield and yield attributes could be attributed to

the presence of auxin like properties in humic acid.

4.4 Effect of individual and integrated application of inorganic
potassium, triacontanol and potassium humate on haulm yield (g

ha™) of tomato at harvest

The mean haulm yield at harvest showed a significant increase from 21.17 q ha™
with 30 kg K20 ha™ alone (Ts) to 34.19 q ha™ obtained from the treatment receiving 60 kg
K,O ha™ along with the foliar applications of triacontanol and potassium humate (T,)



which surpassed the haulm yield obtained with inorganic K alone at the same level of
application by 35 per cent (Table4.4).

However, this was on par with the dry matter produced with the integrated
application of inorganic K at 45 kg K,O ha™ and foliar application of potassium humate
and triacontanol (Tg). The treatment was significantly superior over the individual
application of even 90 kg K,O ha™ (Tis) or potassium humate (Ty,) or triacontanol (T1s).
The results are in agreement with the findings of Khan et al. (2009) that combined
application of 90 kg K,O ha™ with triacontanol @ 1 pM concentration increased the dry
weights per plant by 52.1 per cent over control. This could be due to greater availability of
K released from the applied source and stimulation of photosynthesis and enhanced water
uptake due to application of triacontanol which eventually result in an increase in dry
weight (Sharma, 1995).

4.5 Effect of individual and integrated application of inorganic
potassium, triacontanol and potassium humate on leaf chlorophyll

and carotenoid content

Fresh leaf samples at flowering stage were analysed for leaf chlorophyll and
carotenoid contents. The data pertaining to leaf chlorophyll and carotenoid contents was
furnished in Table4.5 and the trends were shown in Figures 4.6 and 4.7.

When compared to the chlorophyll content of 47.00 SPAD units formed with
recommended K (T1), the combination of 60 kg K,O ha™, triacontanol and potassium
humate (T,) was only found to be significantly higher; the value being 52.41 SPAD units
which accounts for 11.5 per cent more chlorophyll content. The lowest value of 38.55 was
found in the treatment receiving only 30 kg K,O ha™(Tg). Individual applications of
inorganic K @ 60 and 90 kg K,O ha™ or triacontanol or potassium humate were all on par
with each other in influencing the chlorophyll content of leaves at flowering.

The carotenoid content of the leaves did not show any significant increase with the
application of inorganic K in graded levels. However lower carotenoid content of 0.25 mg
g™ was obtained with inorganic K alone @ 30 kg K,O ha™. This could be due to that acetic
thiokinase, the enzyme responsible for the formation of acetyl CoA has been shown to
require K for activity (Hiatt and Evans, 1960). Since the condensation of two molecules of



acetyl CoA is the first step in the classical pathway of carotenoid precursor formation
(Porter and Anderson, 1967), a lowering of the carotenoid level could be expected under
low K.

When compared to the recommended K alone, the individual application of
triacontanol or potassium humate or their combination without inorganic K were
significantly superior registering carotenoid contents of 0.50, 0.48 and 0.64 mg g*
respectively. Phytoene desaturase that synthesise phytoene from geranyl diphosphate is the
first committed step in the carotenoid bio synthetic pathway (Rodriquez-Amaya, 2001).
These studies directly implicate electron transport in the desaturation of phytoene to form
lycopene. K has a known role in ATP synthesis, proton uptake and electron flow in the
thylakoid membranes of plastids, which are the site of carotenoid biosynthesis (Lebedeva et
al., 2002). Thus the effect of K on the biosynthesis may be indirectly mediated by the

electron transport chain involved in phytoene desaturation.

The leaf carotenoid content was found to be significantly higher with the combined
use of inorganic K @ 60 kg KO ha™ the value being 0.74 mg g™ which was significantly

superior over all other treatments.

Khan et al. (2009) reported that combined application of 90 kg K,O ha® with
triacontanol @ 1 pM concentration gave maximum values for leaf chlorophyll and f-
carotenoids contents, surpassing the control by 15.2 and 8.3% respectively indicating
towards the higher photosynthetic efficiency of the treated plants. Furthermore, the
increased photosynthetic pigments can be attributed to the increase in number and size of
chloroplasts, the amount of chlorophyll per chloroplast and increase in grana formation
(Ivanov and Angelov, 1997).

4.6 Effect of individual and integrated application of inorganic
potassium, triacontanol and potassium humate on quality

parameters of fruit

Fresh ripened tomato fruits at harvest were analysed for their quality parameters

viz., ascorbic acid, lycopene content, titratable acidity and total soluble solids. The data



pertaining to quality parameters of fruit was given in Table4.6 and 4.7 and the trends were
shown in Figures 4.2 and 4.5.

4.6.1 Lycopene

The lycopene content of fruit varied from 3.08 to 4.27 mg 100 g*. The lycopene
content was significantly higher in the fruits of the treatment receiving integrated
application of inorganic K at 60 kg K,O ha™ along foliar application of potassium humate
and triacontanol (T4) recording a value of 4.27 mg 100g™ of fruit when compared to the
value of 3.74 analysed with recommended dose of 60 kg K,O ha™. However, this was on
par with the lycopene content (4.15 mg 100 g*) of fruit with same level of K along with
potassium humate (T3). Significantly lower lycopene content of 3.08 mg 100 g™ was with
the application of inorganic K alone at 30 kg K,O ha™(To).

The result is supported by findings of Khan et al. (2009) in tomato who reported
that combined application of 90 kg K,O ha™ with triacontanol @ 1 UM concentration
resulted in 9.5 per cent increase over control. According to Fanasca et al. (2006), K might
play a special role in the process of carotenoid biosynthesis by activating several of the
enzymes that regulate carbohydrate metabolism and on the precursors of isopentenyl
diphosphate which are directly involved in overall regulation of lycopene formation in
tomato fruit. Lycopene content rises sharply as the K level increases. The inhibition of
lycopene synthesis under low K conditions is concomitant to the accumulation of -
carotene as a result of either the activation of its synthesis or the inhibition of its metabolic
transformations (Trudel and Ozbun, 1971).

4.6.2 Ascorbic acid

The ascorbic acid content progressively increased from 20.00 mg 100 g™ fruit with
the application of inorganic K @ 30 kg K,O ha™ (Ty) to a significantly higher content of
31.66 mg 100g™ of fruit when inorganic K @ 60 kg K,O ha™ was conjunctively used with
triacontanol and potassium humate (T4). The ascorbic acid contents in the fruits obtained
from the treatments receiving the foliar application of potassium humate in combination
with triacontanol along with inorganic K @ 60 kg K.O ha™ or 45 kg ha™ (Tg) or with
inorganic K alone @ 90 kg K,O ha™ (Ts) were at a par.



Dileep and Sasikala (2009) also observed similar results in chilli and Khan et al.
(2009) in tomato. Increase in ascorbic acid with increasing K-supply was due to close
relationship between carbohydrate metabolism and ascorbic acid formation (Winson, 1966)
and increase in ascorbic acid of tomato fruit due to application of triacontanol is possible as
a result of conversion of sucrose or hexose sugar into ascorbic acid (Muralidharan et al.,
2000). Rao (1994) observed an increase in ascorbic acid content of tomato from 24 to 28
mg 100 g™ with increased level of K application from 0 to 200 kg KO ha™. According to
Majumdar et al. (2000) significant increase in ascorbic acid content was obtained upto 60
kg K20 ha.

4.6.3 Titratable acidity

Increasing levels of inorganic K application gradually decreased the titratable
acidity from a significantly higher value of 0.68 per cent with 30 kg KO ha™ (Tg) to 0.65,
0.53 and 0.50 per cent respectively at 45, 60 and 90 kg K,O ha™. The lowest value of 0.43
per cent was recorded in T, wherein the inorganic K @ 60 kg K,O ha™ was applied along
with foliar application of potassium humate and triacontanol. The titratable acidity values
of the treatments receiving inorganic K at 30 kg K,O ha™ either alone or with triacontanol
or at a level of 45 kg K,O ha™ registered 0.68, 0.66 and 0.65 per cent respectively and was
at a par. At any level of inorganic K the titratable acidity progressively decreased due to

integration with triacontanol, potassium humate and their combination.

The result is conformity with the findings of Diana et al. (2007) reporting that the
acidity content decreases with increase in fertilizer doses. The decreased acidity in
triacontanol treated fruits indicated that the fruits were at higher stage of maturity due to
increased stage of respiration (Muralidharan et al., 2000).

4.6.4 Total soluble solids

The total soluble solids (Brix %) was 2.60 when recommended level of K (T;) was
applied which significantly increased by 28 per cent to a value of 3.33 with 60 kg K,O ha™
along with foliar application of potassium humate and triacontanol (T,4). The lowest TSS of
1.47 Brix % was recorded in Ty receiving inorganic K alone at 30 kg KO ha™. The Brix
value of fruits with foliar application of potassium humate, triacontanol or combination of

both recorded higher TSS than any of the inorganic K levels. This may be attributed to the



increased translocation of assimilates from leaves to the economic parts in response to
hormonal stimulation. The increased TSS as observed in the present study is in line with
the findings of Booth et al. (1962) and Gunasekharan (1982) in tomato.

The result is supported by the findings of Sangeetha et al. (2008) in onion and
Majumder et al. (2000) in tomato. This increase might be due to the increased translocation
of nutrients and balanced nutrition as influenced by K (Duraisami and Mani, 2002).

4.7 Effect of individual and integrated application of inorganic
potassium, triacontanol and potassium humate on N, P and K

Contents of tomato
The nutrient contents (%) of tomato are furnished in Tables4.8 to 4.10 and
illustrated in Figures 4.8 to 4.10.

4.7.1 Total nutrient (N, P and K) contents at flowering

4.7.1.1 Total nitrogen (%)

The nitrogen content at flowering was more when compared to the haulm at harvest
as it got translocated to tomato fruit. Increasing levels of inorganic K from 30 to 60 kg
K,O ha® increased the N content at flowering significantly from 1.70 to 1.98 per cent.
However, it was on par with the N content at 90 kg K,O ha™. The N content in per cent at
flowering was significantly higher among all the treatments with a value of 2.23 per cent
due to the integrated application of inorganic K at 60 kg KO ha™ and foliar application of
triacontanol and potassium humate. Foliar applications of either triacontanol or potassium
humate or their combination without inorganic K resulted in significantly higher N content
of 2.05, 2.04 and 2.05 respectively than the recommended K application. This could be due
to the low level of dry matter production in these treatments than with inorganic K at the
recommended level that has resulted in more concentration of N (Table4.8).

4.7.1.2 Total phosphorus (%0)

The increasing level of K application from 30 to 90 kg K,O ha™ increased the P
content of the plant gradually and significantly from 0.33 to 0.40 per cent. The phosphorus

content at flowering showed the lowest value of 0.32 per cent with the individual



application of potassium humate which significantly increased to 0.42 per cent due to the
integrated application of inorganic K at recommended level along with triacontanol and
potassium humate. At each level of K application the P content increased progressively
when applied in combination with either triacontanol or potassium humate or both than
alone. The P content resulted due to the individual applications of triacontanol; potassium
humate and inorganic K at 45 kg KO ha™ were at a par.

4.7.1.3 Total potassium (%)

Among the inorganic K levels, the individual application at 45 kg K,O ha™ showed
a significantly higher total K content of 1.06 per cent as against 1.01 per cent with 30 kg
K,0 ha™. However, it decreased to 1.02 and 1.02 per cent with further increase in the dose
of inorganic K to 60 and 90 kg K,O ha™. Taber (2008) also opined that the leaf K content
increased to 3.85 from 2.42 g kg™ due to the application of 372 kg K,O ha™. Reduced K
content at higher dose of K could be due to the dilution effect because of more dry matter

production at higher levels of K.

The individual application of triacontanol resulted in the lowest content of total K of
1.01 per cent and that of potassium humate was 1.01 per cent which was on par with the
total K content with inorganic K application at 60 and 90 kg K0 ha™.

Among all the treatments, integrated application of inorganic K at 60 kg K;O ha™
along with the foliar applications of triacontanol and potassium humate was found to be

significantly superior over the other treatments the value being 1.13 per cent.
4.7.2 N, P and K contents of fruit
4.7.2.1 Total N content (%)

The graded levels of inorganic K application increased the total N content of the
fruit (%) progressively and significantly from 1.76 at 30 kg K;O ha™ level to 2.04 due to
the application of 45 kg K,O ha™. However, it was on par with the total K contents of the
fruits at 60 and 90 kg K20 ha™ levels.

Individual application of triacontanol and potassium humate resulted in significantly

higher total N contents than the recommended dose of K application with the corresponding



contents of 2.19 and 2.18 per cent. Their combination without inorganic K also proved even
better with the value of 2.22 per cent.

The total N content (%) of tomato fruit ranged between 1.76 in the treatment
receiving individual application 30 kg KO ha™ to 2.40 when the crop received combined
application of inorganic K at 60 kg K,O ha™ with foliar application of triacontanol and

potassium humate.
4.7.2.2 Total P content (%)

Individual application of inorganic K in graded levels of 30, 45, 60 and 90 kg K;O
ha™ showed a significant increase in total P content of the fruit from 0.41 to 0.45 per cent.
Individual application of triacontanol and also the potassium humate recorded the same P
content of 0.41 per cent. However, their combination without inorganic K resulted in a total
P content of 0.42 per cent.

At any level of K application tested, the P content was significantly higher with the
integrated application than the individual application of any of the components. The
conjunctive use of inorganic K at 60 kg K,O ha® along with the foliar application of
triacontanol and potassium humate registered a significantly higher total P content of 0.51

per cent which was superior over all other treatments.
4.7.3.3 Total K content (%)

Application of inorganic K resulted in a significant increase in total K content from
1.15 to 1.19 per cent due to increase in the K level from 30 to 60 kg KO ha™. While, 60
and 90 kg K,O ha™ levels were at a par with regard to total K content of the fruit.

Foliar application of either triacontanol or potassium humate or combination of both
were found to be inferior than inorganic K even at the lowest level with corresponding K
contents of 1.12, 1.14 and 1.15 per cent.

Integrating the foliar applications of either triacontanol or potassium humate with
inorganic K have resulted in a progressive increase in the total K content of the fruit at any
level of inorganic K application. Significantly higher K content of 1.30 per cent was
obtained with the combined use of inorganic K at recommended level along with foliar
applications of triacontanol and potassium humate. Trudel and Ozbun (1971) also opined



that the K content of both fruit and petiole increased with increasing concentration of K.
This suggests that the fruit is quite efficient in monopolizing K under conditions of low K.

Khan et al. (2009) also obtained an increase in the NPK contents by 14.9, 32.6 and
26.3 per cent respectively with the combined application of inorganic K @ 90 kg K;O ha™
with TRIA @ 1pM. Maximum K content of 121.5 mg 100 g™ in tomato under 90 kg KO
ha* was observed by Majumdar et al. (2000).

4.7.3 Nutrient (N, P and K) contents of haulm
4.7.3.1 Total N content (%)

The total N content of the haulms was lower than that of the fruits. The individual
application of triacontanol or potassium humate recorded a total N content of 1.67 and 1.67
respectively and were found to be significantly superior than the individual applications of
30 and 45 kg K,0 ha™ with corresponding values of 1.57 and 1.61 per cent but were on par
with 60 kg K,O ha™. Application of inorganic K alone at 90 K,O ha™ resulted in a
significant increase of haulm K content to 1.79 per cent.

At any level of K application, there was significant increase in haulm K content
when integrated with both potassium humate and triacontanol. When the combination was
tested at 60 kg K,O ha™ level, the haulm K content was significantly superior i.e., 1.83 per
cent. However, the K content obtained with the above combination and inorganic K alone
at 90 kg K0 ha™ was at a par.

4.7.3.2 Total P content (%)

The haulm P content of tomato showed a significant increase from 0.30 to 0.38 per
cent when the individual application of inorganic K increased from 30 to 90 kg KO ha™.
The individual application of either triacontanol or potassium humate were found to be on
par with the inorganic K levels of 30 and 45 kg ha™ but significantly differed from the P
contents recorded with 60 and 90 kg KO ha™.

Integrated application of inorganic K at 60 kg K,O ha® with triacontanol and
potassium humate was significantly superior with a total P content of 0.39 per cent.
However, this was on par with the P content recorded in the treatments comprising the
integration of triacontanol and potassium humate at the remaining levels of K application.



It was also on par with the combined applications of either triacontanol (0.37 %) or
potassium humate (0.37 %) or both with inorganic K at 60 kg K20 ha™(0.39 %).

4.7.3.3 Total K content (%)

Application of inorganic K in graded levels of 30, 45, 60 and 90 kg ha™ did not
show any significant difference in total K content of haulms. However, a progressive
increase was observed from 1.00 to 1.01 per cent.

Individual application of triacontanol resulted in a significantly lower total K
content of 0.99 per cent which was on par with the individual application of potassium

humate.

The conjunctive use of inorganic K at the recommended level of 60 kg K,O ha™
with the foliar applications of triacontanol and potassium humate was significantly superior
over all other treatments with the K content of 1.12 per cent. This treatment showed 10 per
cent more K content when compared with the recommended level of K application.

The total nutrient contents at harvest were higher due to partitioning of nutrients
both to fruit and haulm indicating the requirement of more nutrients at fruit development
stage. Results are in conformity with the findings of Khan et al. (2009) who reported that
the combined application of 90 kg K,O ha™ with triacontanol @ 1 pM concentration
showed maximum increase in N, P and K contents exceeding control by 14.9, 32.6 and 26.3
per cent respectively. Rao and Subramanian (1991) attributed the increase in the contents of
nutrients in the plant to the applied potassium which is known for its role in plant nutrition
by influencing nutrient use efficiency, water use efficiency; disease and pest resistance.
Further potassium plays a role in the activation of more than 60 enzymes in the plant
system which increases the metabolism and thus results in increased nutrient uptake.



4.8 Effect of individual and integrated application of inorganic
potassium, triacontanol and potassium humate on N, P and K

Uptake by tomato

The per cent N, P and K contents and dry matter production values were used to
compute nutrient uptake by plants at different growth stages. The nutrient uptakes (kg ha™)
by tomato are furnished in Tables4.11 to 4.13 and illustrated in Figures 4.11 to 4.13.

4.8.1 N uptake by the crop at flowering

The N uptake by the crop at flowering showed a significant increase from 36.07 due
to the application of 30 kg K,O ha™ to 47.29 with the recommended dose of K. However,
the N uptakes by the crop with 60 and 90 kg K,O ha™ were at a par. Among all the
treatments, the one receiving recommended dose of K along with the foliar applications of
triacontanol and potassium humate was significantly superior with the N uptake of 68.53 kg
ha™. The individual application either inorganic K at any level or triacontanol or potassium
humate were found to be inferior to their integrated application at all levels of K with
corresponding uptake values of 53.37, 63.8 and 68.53 kg ha™ when conjunctively applied
with inorganic K at 30, 45 and 60 kg ha™.

4.8.2 P uptake by the crop at flowering

The P uptake by the crop at flowering showed similar pattern of response recording
the lowest uptake of 6.45 kg ha™ with the individual application of potassium humate. The
removal of P by the crop increased from 6.89 to 10.15 kg ha™ when the inorganic K
application increased from 30 to 90 kg K,O ha™. The crop fed with recommended dose of
K removed 8.65 kg ha™ of P, which increased significantly to 11.27, 10.75 and 12.91 kg ha”

! respectively when applied in combination with triacontanol, potassium humate and both.

At any level of K application, the crop removed more P when the three components
were integrated, the significantly higher uptake of 12.91 kg ha™ being recorded when the
integration was with the recommended level of K which proved to be significantly superior
over the highest level of K application.



4.8.3 K uptake by the crop at flowering

Increase in the level of K application did not show any significant increase in the K
uptake by the crop. The lowest uptake of 20.56 kg ha™ was obtained with the individual
application of potassium humate (T14). There was no significant difference among the three
components when used individually.

Integrated application of inorganics and organics proved to be superior at all levels
of K application; significantly higher uptake of 34.68 kg ha™ was obtained with the
integration at 60 kg ha™ level.

Muthuvel et al. (2001) stated that plant growth regulator triacontanol plays an
important role in augmenting the uptake of nutrients in many vegetable species including
tomato. Martin and Liebhardt (1994) got a quadratic response in leaf K concentration to

increasing K rate.

The enhancement in nutrient contents and uptake in the treatment combinations
comprising of triacontanol may be attributed to the increased ability of the plants to absorb
nutrients from the soil since the foraging ability of the plants could have been increased
through the production of active roots and consequent improvement in the root growth
(Muthuvel et al., 2001).

4.8.4 N, P and K uptake at harvest
4.8.4.1 N uptake at harvest

Increasing level of K application at 30, 45, 60 and 90 kg ha™ increased the N uptake
by the fruit significantly from 60.38 to 79.84 kg ha™. Foliar application of either
triacontanol or potassium humate resulted in an N uptake of 84.17 and 82.77 kg ha™
respectively those have surpassed the N uptake with the highest level of K application.

Integrated application of inorganic K at 60 kg ha™ along with either triacontanol or
potassium humate or both observed a significantly higher uptake of N by the fruit with the
corresponding removals of 89.25, 96.31 and 107.97 kg ha™.

The nitrogen removed by haulm was lower than the fruit. Application of inorganic
K alone at 30 kg K;O ha™ registered an N uptake of 33.27 kg ha™ which increased



significantly to 48.71 kg ha™ with the application of 90 kg K.O ha™. However, the
treatments receiving 30 and 45 kg K,O ha™ in respect of N uptake were at a par. The
individual application of either triacontanol or potassium humate were on par with the
inorganic K application at 30 and 45 kg K,O ha™ levels with corresponding uptake values
of 40.67 and 38.84 kg ha™.

Combining the use of organics and inorganic K at 60 kg K,O ha™ for tomato
resulted in a significant increase in the N uptake by haulms to 62.47 kg ha™ which was on
par with the combination of either of them with the same level of K, the uptake being 57.47
and 54.34 kg ha™ respectively.

4.8.4.2 P uptake at harvest

The P uptake by the fruit increased from the lowest value of 13.94 kg ha” to a
significantly higher value of 16.53 kg ha™ with the recommended dose of inorganic K
alone. However, the recommended K and further higher dose of 90 kg K,O ha™ were at a
par.

The foliar application of either triacontanol or potassium humate alone resulted in a
P uptake of 15.94 and 15.77 kg ha™ which were on par with the individual application of

recommended K.

Conjunctive use of the inorganic K with the triacontanol and potassium humate at
any level of K application showed a significant increase in the P uptake by the fruit;
significantly higher uptake of 22.94 kg ha™ was observed in the combination with 60 kg
K0 ha™.

Mean phosphorus uptake by haulm (9.26 kg ha™) was lower than the fruit (17.8 kg
ha™). Inorganic K at the recommended dose of 60 kg K,O ha™ brought about a significant
increase in the P uptake to 8.61 from 6.34 kg ha™ due to 30 kg K»O ha™which was on par
with the uptake of recorded with 90 kg KO ha™.

The P uptake values by the haulms with the foliar applications of either triacontanol
or potassium humate were 7.69 and 6.98 kg ha™ respectively and were on par with the P
removed by the treatment receiving 60 kg KO ha™.



Significantly higher P uptake of 13.27 kg ha™ was obtained with the integrated use
of inorganic K at 60 kg K,O ha™ with triacontanol and potassium humate. While the other
combinations with the same level of K with either triacontanol or potassium humate with

corresponding P uptake values of 11.93 and 11.41 kg ha™ were also at a par.
4.8.4.3 K uptake at harvest

Potassium uptake was also greater by the fruit when compared to the haulms.
Significant increase in K uptake by the fruit was observed between 30 and 60 kg KO ha™
levels; the corresponding values being 39.5 and 45.27 kg ha™. Further increase in K level
did not show any significant increase in the K uptake by the fruit. Foliar applications of
triacontanol and potassium humate were on par with each other with respect to K uptake;
the values being 42.87 and 43.37 respectively. The two treatments were also on par with the
K uptake obtained with individual K application at any level.

Integrated application of inorganic K at 60 kg K,O ha® along with potassium
humate and triacontanol lead to significantly increased removal of K to an extent of 58.61
kg ha™.While, at the same level of inorganic K application, the conjunctive use of only
potassium humate also was found to be at a par with the K uptake of 54.47 kg ha™.

Potassium uptake by haulms was lower than the fruit uptake due to the efficient
partitioning of K to the fruits. Individual application of increasing level of inorganic K
from 30 to 90 kg K,O ha™, showed a significant increase in the K uptake from 21.26 to
27.51 kg ha™. However, there was no significant difference among uptake values of 45 and
60 kg K,O ha® levels. Individual application of either triacontanol or potassium humate
were not found to be significant.

Combined application of inorganic K at 60 kg ha™ with the other two components
resulted in a significant increase in the K uptake by the haulms of 38.20 kg ha™.

The results are supported by the findings of Vaiyapuri and Sriramachandrasekharan
(2003) who reported that in low land rice the foliar application of triacontanol at 0.1%
along with the recommended dose of NPK registered the highest uptake of nutrients (106.7,
29.0, 51.8 kg NPK/ha). The enhancement in nutrient uptake could be attributed to the
increased ability of the plants to absorb nutrients from the soil since the foraging ability of
the plants could have been increased through the production of active roots and consequent



improvement in root growth. Chen and Aviad (1990), Fagbenro and Agboda (1993), David
et al. (1994) also have reported promoted nutrient uptake of plants due to the addition of
humic substances. The plants take more mineral elements due to better developed root
systems. In addition, the stimulation of ions uptake in the applications of humic materials
led many investigators to proposing that these materials affect membrane permeability
(Zientara 1983). This is related to the surface activity of humic substances resulting from
the presence of both hydrophilic and hydrophobic sites (Chen & Schnitzer 1978).
Therefore, the humic substances may interact with the phospholipid structures of the cell

membranes and react as carriers of nutrients through them.

Plant growth regulator triacontanol had a perceptible influence on the nutrient
uptake and plays an important role in manipulating the yield potential and augmenting the
uptake of nutrients in many vegetable species including tomato (Muthuvel et al., 2001).

4.9 Effect of individual and integrated application of inorganic
potassium, triacontanol and potassium humate on soil properties at

Flowering and at harvest

4.9.1 Organic carbon (%)

The data pertaining to organic carbon content in soil at both flowering and harvest
stage was given in Table4.14.

Significant difference was not observed among the individual treatments or their
combinations on organic carbon content of the soil either at flowering or at harvest.
However, a marginal reduction was observed in the organic carbon content of the soil from
the flowering stage to harvest with the corresponding values of 0.69 and 0.68 per cent.

4.9.2 Available nitrogen

The results pertaining to available nitrogen at flowering and harvest stage was given
in Table4.15. Available N content of soil decreased from flowering to harvest. There was
greater reduction in the available N of the soil in the treatment receiving 60 kg K,O ha™
along with foliar application of triacontanol and potassium humate (T,4) at both the stages
with the corresponding values of 150.4 and 144.4 kg ha™ respectively. Significantly higher



available N in soil was left in the treatment receiving inorganic K alone @ 30 kg K,O ha™
with the values of 168.4 and 165.2 kg ha™ respectively at both the stages. The per cent
reduction from the initial status of 156.7 kg ha™ was 12 and 14 respectively in the treatment
T4. This depletion in available N status could be due to exhaustive removal of N from the
soil for putting forth more yields.

4.9.3 Available Phosphorus

There was depletion in the available P of the soil to an extent of 7.5 per cent from
the initial value of 57.2 kg ha™ by the end of the crop growth season (Table4.16). The
mean available phosphorus in the soil depleted from 57.4 kg ha™at flowering to 52.9 kg ha™
at the harvest of the crop. Inorganic K at the lowest dose (30 kg KO ha™) left significantly
higher amount of available P in the soil which got significantly decreased to 56.09 kg ha
Ydue to the application of 90 kg K,O ha™. This exhaustion in available P of the soil could be
due to the greater removal of available nutrients for putting forth higher dry matter and fruit
yield. However, individual application of either triacontanol or potassium humate have
marginally and non significantly increased the available P status of the soil in kg ha™ than
the initial with corresponding values of 59.24 and 57.6 at flowering and decreased non
significantly at the harvest with the available P status of 55.81 and 56.16.

The treatment which was significantly superior with regard to the yield and quality
of the crop i.e., the conjunctive use of inorganic K at 60 kg K,O ha™ and the foliar
applications of triacontanol and potassium humate left significantly lower available P in the
soil with the values of 50.58 and 44.6 kg ha™ respectively at flowering and at harvest,
which is 11 and 12 per cent lower respectively at both the stages than that recorded in the
control (recommended dose of K). When compared with the initial available P status, there
was a reduction of 12 and 22 per cent respectively at flowering and at harvest with the best

treatment.
4.9.4 Available Potassium

There was an appreciable decrease in the mean available potassium in the soil from
the flowering to harvesting stage in all the treatments (Table4.17).

At flowering, the available K was significantly lower due to the individual

application of triacontanol; the value being 407.3 kg ha™, which however was on par with



the individual application of inorganic K at 30 kg K,O ha™ or potassium humate with
corresponding available K of 409.8 and 419.6 kg ha™. With increase in the level of K
application to 60 kg KO ha™, the available K remained in the soil significantly increased to
441.7 kg ha™. With further increase in the dose of K there was no significant increase in the
available K status.

The treatment receiving the combined application of recommended dose of 60 kg
K,O ha® with the foliar application of triacontanol and potassium humate showed a
significantly higher available K at flowering of 452.5 kg ha™. The available K values in the
treatments receiving inorganic K alone at 60 or 90 kg K0 ha™, or combination of inorganic
K at 60 kg K20 ha™ with either triacontanol or potassium humate or both or combination
of inorganic K at 45 kg KO ha™ with the two other components were found to be at a par.

Similar result was obtained at the harvest of the crop. There was depletion in the
available K of the soil from the initial value of 449 kg ha™ in all the treatments. The
depletion was higher i.e., 10 per cent with the application of triacontanol alone and got
reduced to 2 per cent in the treatment receiving the combination of recommended K with
triacontanol and potassium humate. The results corroborate the findings of Duraisami and
Mani (2002) who reported progressive increase in available K with increase in dose of K
and the highest availability of 209.5 kg ha™ was recorded by Kg, level as against only 181.8
kg ha™ at Kq level.

The decrease in values of available N, P,Os and K,O from flowering to the harvest
stage may be attributed to the greater removal of applied nutrients by the crop for the
growth and yield of the crop.

The crop put forth more dry matter and fruit yield with good quality when treated
with combination of 60 kg K,O ha® along with triacontanol and potassium humate and
hence exhausted more amounts of the nutrients from the soil leaving a smaller pool of

available N and P.



4.10 Simple correlations among the fruit yield, quality parameters, K

content of the plant and its uptake

The simple correlations were worked out between various parameters and the data

was presented in Table4.18.

There existed a significant positive correlation between the fruit yield and lycopene
content (0.601*), K content of the haulms (0.506*), available K at harvest (0.561*) at 5%
level and with K content of the fruit (0.736**) and K uptake by fruit (0.957**) at 1% level.
However, titratable acidity showed a significant negative correlation of -0.587* with fruit
yield.

Titratable acidity had a significant negative correlation with all the parameters
tested for correlation.

Lycopene content of the fruits correlated significantly at 1% level with K content of
the plant and its uptake besides the available K status of the soil both at flowering and at
harvest and at 5% level with total sugars.

The K content of the fruit had a significant and positive correlation at 1% level with
K uptake at haulm and fruit, available K status both at flowering and harvest with the
correlation (r) values of 0.883™, 0.900™, 0.757" and 0.827"" respectively. Hartz et al.
(1999) also found a significant correlation between plant K and fruit K (0.19**) and soluble
solid (0.28**), fruit K and soil K (0.54*%*).

4.11 Effect of INM on Benefit cost ratio of tomato

Application of inorganic K in graded levels from 30 to 90 kg K,O ha™
progressively increased the benefit — cost ratio from 0.90 to 1.14. The gross returns, net
returns and benefit — cost ratio were minimum when inorganic K alone was applied at 30 kg
K,0 ha™ with corresponding values of Rs. 102700=00, Rs. 48506=00 and 0.90 (Table4.19).

Among the different treatments, the treatment T, receiving the combined
application of inorganic K at 60 kg K,O ha™ and foliar applications of triacontanol and
potassium humate fared well economically giving gross returns of Rs. 1,35,000=00
followed by Ts, the combination of recommended K and foliar applied K with



corresponding benefit — cost ratio of 1.40 and 1.35. The benefit — cost ratio was minimum
i.e., 0.90 when inorganic K alone was applied at 30 kg K20 ha™. The higher net returns in
the integrated treatment could be due to efficient utilization of the inputs and realizing
higher yield. Singh and Singh (1995) also obtained an enhanced net returns of Rs. 10033/-
due to application of 40 kg K,O/ha over the returns of Rs. 8026/- from control (no K).

The potassium nutrition of the crop through integrated use inorganic K at
recommended level of 60 kg K,O ha® with the foliar application of organics like
triacontanol and potassium humate lead to effective utilization of the nutrients and resulted
in improved fruit yield and also quality besides maintaining the available K status after the
crop giving high net returns and benefit — cost ratio.
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Figure 4.1. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on fruit yield (g ha™) of tomato
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Figure 4.3. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on ascorbic acid content (mg 100 g™) of tomato
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Figure 4.5. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on total soluble solids (Brix %) of tomato
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Figure 4.6. Effect of individual and integrated application of inorganic potassium,
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Figure 4.7. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on carotenoid content (mg g™*) of tomato
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Figure 4.9. Effect of individual and integrated application of inorganic potassium, potassium humate and triacontanol on
phosphorus content (%) of tomato
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Plate 4: Effect of individual and integrated application of inorganic K, K- humate
and triacontanol on tomato at harvest
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Plate 3: Effect of individual and integrated use of inorganic K, K-humate and
triacontanol on tomato during flowering stage



Table4.19. Effect of individual and integrated application of inorganic potassium, potassium humate and triacontanol on

Economics
Treatments yield Total cost of Gross Net Benefit
(q ha™) cultivation returns | returns | cost ratio
Rsha! | Rsha’

T1: 60 kg K;O per ha (Recommended ) 114.2 54509.00 114200.0 | 59691.00 1.10
T, : Ty + Foliar application of triacontanol 125.8 55819.00 125800.0 | 69981.00 1.25
Ts: Ty + Foliar application of K- humate 128.8 54846.00 128800.0 | 73954.00 1.35
T4 : T1+ Foliar application of triacontanol and K- humate 135.0 56156.00 135000.0 | 78844.00 1.40
Ts : 45 kg K;0 per ha as basal application 106.7 54353.00 106700.0 | 52347.00 0.96
Te : Ts+ Foliar application of triacontanol 127.2 55663.00 127200.0 | 71537.00 1.29
T, : Ts+ Foliar application of K- humate 126.1 54691.00 126100.0 | 71409.00 131
Tg : Ts+ Foliar application of triacontanol and K- humate 124.7 56000.00 124700.0 | 68700.00 1.23
T : 30 kg KO per ha as basal application 102.7 54194.00 102700.0 | 48506.00 0.90
Tio: Tot Foliar application of triacontanol 124.7 55504.00 124700.0 | 69196.00 1.25
Ti1: To+ Foliar application of K- humate 123.9 54532.00 123900.0 | 69368.00 1.27
Ti2 : To+ Foliar application of triacontanol and K- humate 125.1 55841.00 125100.0 | 69259.00 1.24
Ti3: Foliar application of triacontanol 115.2 55189.00 115200.0 | 60011.00 1.09
T14. Foliar application of K- humate 114.0 54217.00 114000.0 | 59783.00 1.10
Tis : Foliar application of triacontanol and K- humate 119.0 55526.00 119000.0 | 63474.00 1.14
Ti6: Inorganic K @ 90 kg KO ha™ as basal 117.4 54825.00 | 1174000 | 62575.00 | 1.14
Cost of tomatoes per kg=  Rs.10.00; Cost of DAP per 50 kg = Rs.798; Costofureaper50kg = Rs. 281

Cost of MOP per50 kg = Rs 315; Cost of triacontanol per litre = Rs. 320 ; Cost of K-humate per litre = Rs. 25




Table4.18.

Correlations among various plant parameters and soil characteristics

K- K-
K-content content | K-uptake uptake | Available | Available

Fruit Ascorbic | Titratable | Total | (haulm, (fruit, | (haulm, (fruit, K20 K20
Parameters yield | Lycopene acid Acidity Sugar | flowering) harvest) | flowering) | harvest) | (flowering) | (harvest)
Fruit yield 1.000 | 0.601* 0.383 -0.587* 0.330 0.506* 0.736** 0.770** | 0.957** 0.475 0.561*
Lycopene 1.000 0.476 -0.878** | 0.560* 0.415 0.785** 0.759** | 0.726** | 0.806** 0.762**
Ascorbic acid 1.000 -0.635** | 0.612* 0.242 0.206 0.301 0.338 0.381 0.192
Titratable Acidity 1.000 -0.572* -0.248 -0.663** | -0.666** | -0.664** | -0.724** -0.598*
Total Sugar 1.000 0.285 0.174 0.353 0.297 0.157 0.041
K- content (haulm,
flowering) 1.000 0.659** 0.775** 0.611* 0.417 0.486
K-content (fruit,
harvest) 1.000 0.883** | 0.900** | 0.757** 0.827**
K-uptake (haulm,
flowering) 1.000 0.874** | 0.759** 0.797**
K-uptake (fruit,
harvest) 1.000 0.625** 0.709**
Available K;0
(haulm, flowering) 1.000 0.952**
Available K;0
(harvest) 1.000

* Significant at P = 0.05

**  Significant at P = 0.01







Table4.2. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on dry matter production of tomato at flowering
stage

Treatments prodDurc)iir:r? t(t(;erha_l)
T : 60 kg K0 per ha (Recommended K) as basal application 23.79
T, : Ty + Foliar application of Triacontanol 28.61
T3 : T1+ Foliar application of K- humate 26.84
T4 : Ty + Foliar application of Triacontanol and K- humate 30.79
Ts . 45 kg K,O per ha as basal application 21.80
Te : Ts + Foliar application of Triacontanol 25.45
T7: Ts + Foliar application of K- humate 26.29
Tg : Ts + Foliar application of Triacontanol and K- humate 2901
Tg : 30 kg K;0 per ha as basal application 2115
Ti0: Tot Foliar application of Triacontanol 23.13
T11 : To+ Foliar application of K- humate 23.91
T12: To+ Foliar application of Triacontanol and K- humate 2591
Ty3: Foliar application of Triacontanol 21.57
Ti4. Foliar application of K- humate 20.30
Tis . Foliar application of Triacontanol and K- humate 2219
Ti6: Inorganic K @ 90 kg K,O ha™ as basal application 25.17
CD (0.05) 4.93
SE(d) + 2.40
CV (%) 11.85




Table4.4. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on haulm yield of tomato at harvest

Treatments Haulm yield (g ha™)

T : 60 kg K,0 per ha (Recommended K) as basal application 25.24
T, : Ty + Foliar application of Triacontanol 32.47
Ts: T+ Foliar application of K- humate 30.79
T4 : Ty+ Foliar application of Triacontanol and K- humate 34.19
Ts : 45 kg KO per ha as basal application 23.44
Te . Ts+ Foliar application of Triacontanol 27.89
T, : Ts+ Foliar application of K- humate 24.05
Ts : Ts + Foliar application of Triacontanol and K- humate 29.47
Tg : 30 kg K;0 per ha as basal application 21.17
T10: To+ Foliar application of Triacontanol 25.68
T11 : To+ Foliar application of K- humate 22.40
Ti12: Tot Foliar application of Triacontanol and K- humate 28.41
Ty3: Foliar application of Triacontanol 24.23
T4 Foliar application of K- humate 23.22
Tis: Foliar application of Triacontanol and K- humate 26.66
Ti6: Inorganic K @ 90 kg K,O ha™ as basal application 27.13
CD (0.05) 5.37
SE(d) + 2.62

12.03

CV (%)




Table4.3. Effect of individual and integrated application of inorganic potassium,

potassium humate and triacontanol on fresh fruit yield of tomato

Treatments Fruit yield
(q ha')

T:: 60 kg K,O per ha (Recommended K) as basal application 114.2
T, : Ty + Foliar application of Triacontanol 125.8
T3 : Ty + Foliar application of K- humate 128.8
T4 : T1+ Foliar application of Triacontanol and K- humate 135.0
Ts : 45 kg K,0 per ha as basal application 106.7
Te : Ts+ Foliar application of Triacontanol 127.2
T, : Ts+ Foliar application of K- humate 126.1
Tg : Ts + Foliar application of Triacontanol and K- humate 124.7
To : 30 kg K0 per ha as basal application 102.7
Tio: To+ Foliar application of Triacontanol 124.7
T11 : To+ Foliar application of K- humate 123.9
Ti12: Tot Foliar application of Triacontanol and K- humate 125.1
T3 : Foliar application of Triacontanol 115.2
T4 Foliar application of K- humate 114.0
Tis : Foliar application of Triacontanol and K- humate 119.0
Ti6: Inorganic K @ 90 kg K,0 ha™ as basal application 174
CD (0.05) 11.25
SE(d) + 5.48

5.57

CV (%)




Table4.5. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on leaf chlorophyll and carotenoid content of
tomato at flowering stage

Treatments Chlorophyll | Carotenoid
content content
(SPAD units) |  (mgg™)

T1: 60 kg K20 per ha (Recommended K) as basal 47.00 0.34
application

T, : Ty + Foliar application of Triacontanol 47.18 0.40
T3 : Ty + Foliar application of K- humate 49.40 0.46
T4 : T1+ Foliar application of Triacontanol and K- humate 52.41 0.74
Ts : 45 kg K>O per ha as basal application 41.42 0.34
Te : Ts + Foliar application of Triacontanol 45.25 0.37
T, : Ts + Foliar application of K- humate 45.30 0.41
Tg: Ts+ Foliar application of Triacontanol and K- humate 41.57 0.44
Tg : 30 kg K;0 per ha as basal application 38.55 0.25
Tio: Tot+ Foliar application of Triacontanol 41.64 0.36
Ti1 : T+ Foliar application of K- humate 45.69 0.35
Tio: T+ Foliar application of Triacontanol and K- humate 45.25 0.42
T3 : Foliar application of Triacontanol 48.19 0.50
T14. Foliar application of K- humate 46.53 0.48
Tis: Foliar application of Triacontanol and K- humate 49.41 0.64
Ti6: Inorganic K @ 90 kg K20 ha™ as basal application 43.72 0.35
CD (0.05) 3.56 0.12
SE(d) + 1.73 0.06
v (%) 4.63 16.27




Table4.6. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on lycopene and ascorbic acid content of tomato

Treatments Lycopene | Ascorbic
(mg 100g™) | Acid
(mg 100g™)

T1: 60 kg K;0 per ha (Recommended K) as basal application 3.74 23.33
T, : Ty + Foliar application of Triacontanol 3.76 25.00
T3 : Ty + Foliar application of K- humate 4.15 26.66
T4 : Ty+ Foliar application of Triacontanol and K- humate 4.27 31.66
Ts . 45 kg K0 per ha as basal application 3.38 23.33
Te : Ts+ Foliar application of Triacontanol 3.37 23.33
T, : Ts + Foliar application of K- humate 3.61 25.00
Tg: Ts + Foliar application of Triacontanol and K- humate 3.69 28.33
Tg : 30 kg K;0 per ha as basal application 3.08 20.00
Tio: To+ Foliar application of Triacontanol 3.16 21.66
T11 : To+ Foliar application of K- humate 3.17 23.33
Tio: T+ Foliar application of Triacontanol and K- humate 3.34 25.00
Ti3: Foliar application of Triacontanol 3.14 21.66
T14. Foliar application of K- humate 3.16 21.66
Tis: Foliar application of Triacontanol and K- humate 3.23 23.33
Ti6: Inorganic K @ 90 kg K20 ha™ as basal application 341 30.00
CD (0.05) 0.12 5.78

SE(d) + 0.06 2.82

CV (%) 2.06 14.04




Tabled4.7. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on titratable acidity and total soluble solids of
tomato

Treatments Titratable TSS
Acidity | (Brix %)
(mg 100g™)

T1: 60 kg K0 per ha (Recommended K) as basal application 0.53 2.60
T, : Ty + Foliar application of Triacontanol 0.49 2.70
Tz : Ty + Foliar application of K- humate 0.46 2.87
T4 : Ty + Foliar application of Triacontanol and K- humate 0.43 3.33
Ts : 45 kg K;0 per ha as basal application 0.65 2.60
Te : Ts + Foliar application of Triacontanol 0.62 2.57
T7: Ts + Foliar application of K- humate 0.57 2.77
Tg : Ts + Foliar application of Triacontanol and K- humate 0.54 2.87
Ty : 30 kg K,O per ha as basal application 0.68 1.47
Tio: To+ Foliar application of Triacontanol 0.66 1.73
T11 : To+ Foliar application of K- humate 0.62 1.73
T2 : To+ Foliar application of Triacontanol and K- humate 0.59 1.97
T3 : Foliar application of Triacontanol 0.60 3.07
T14. Foliar application of K- humate 0.59 2.93
Tis: Foliar application of Triacontanol and K- humate 0.58 2.83
T1s: Inorganic K @ 90 kg KO ha™ as basal application 0.50 1.97
CD (0.05) 0.05 0.17
SE(d) + 0.02 0.09
CV (%) 484 421




Table4.8. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on nitrogen, phosphorus and potassium
content by tomato at flowering stage

Treatments Nutrient content (%)
N P K
T1: 60 kg K0 per ha (Recommended K) as basal application | 1.98 0.36 1.02
T, : T + Foliar application of Triacontanol 2.03 0.39 1.01
Tz : T1+ Foliar application of K- humate 2.08 0.40 1.01
T, : T1+ Foliar application of Triacontanol and K- humate 2.23 0.42 1.13
Ts: 45 kg K,0 per ha as basal application 1.94 0.34 1.06
Te : Ts + Foliar application of Triacontanol 1.98 0.38 1.07
T7: Ts + Foliar application of K- humate 2.06 0.39 1.08
Ts: Ts+ Foliar application of Triacontanol and K- humate 2.13 0.39 1.10
To : 30 kg K20 per ha as basal application 1.70 0.33 1.01
Tio: To+ Foliar application of Triacontanol 191 0.34 1.01
T11 : To+ Foliar application of K- humate 2.01 0.36 1.03
T1,: To+ Foliar application of Triacontanol and K- humate | 2:06 0.39 1.10
T3 : Foliar application of Triacontanol 2.05 0.33 1.01
Ti4. Foliar application of K- humate 2.04 0.32 1.01
Tis: Foliar application of Triacontanol and K- humate 2.05 0.32 1.03
Tis: Inorganic K @ 90 kg K,O ha™ as basal application 1.98 0.40 1.02
CD (0.05) 0.03 0.03 | 001
SE(d) + 0.02 0.0l | 0.01
cV (%) 0.97 480 | 0.76




Table4.9. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on nitrogen, phosphorus and potassium content of
tomato fruit

Treatments Nutrient content (%)
N P K
T1: 60 kg K0 per ha (Recommended K) as basal application 2.05 0.43 1.19
T, : Ty + Foliar application of Triacontanol 2.13 0.44 1.20
T3 : Ty+ Foliar application of K- humate 2.25 0.46 1.27
T, : T1+ Foliar application of Triacontanol and K- humate 2.40 0.51 1.30
Ts : 45 kg K0 per ha as basal application 2.04 0.41 1.16
Te : Ts + Foliar application of Triacontanol 2.09 0.43 1.17
T7: Ts + Foliar application of K- humate 2.23 0.44 1.24
Ts: Ts+ Foliar application of Triacontanol and K- humate 2.26 048 | 1.27
Tg : 30 kg K;0 per ha as basal application 1.76 0.41 1.15
Tio: Tot+ Foliar application of Triacontanol 1.99 0.42 1.18
T1 : To+ Foliar application of K- humate 2.19 0.44 1.23
Tio: T+ Foliar application of Triacontanol and K- humate 2.26 0.46 | 1.24
T3 : Foliar application of Triacontanol 2.19 0.41 1.12
T14. Foliar application of K- humate 2.18 0.41 1.14
Tis: Foliar application of Triacontanol and K- humate 2.22 0.42 1.15
T1s: Inorganic K @ 90 kg KO ha™ as basal application 2.04 0.45 1.19
CD (0.05) 0.06 0.02 0.02
SE(d) + 0.03 0.01 0.01
CV (%) 166 | 310 | 110




Table4.10. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on nitrogen, phosphorus and potassium content of
tomato haulms at harvest

Treatments Nutrient content (%)
N P K
T1: 60 kg K0 per ha (Recommended K) as basal application 1.70 0.34 1.01
T, : Ty + Foliar application of Triacontanol 177 0.37 1.03
T3 : Ty + Foliar application of K- humate 1.76 0.37 1.08
T, : T1+ Foliar application of Triacontanol and K- humate 1.83 0.39 1.12
Ts: 45 kg K,0 per ha as basal application 1.61 0.32 1.01
Te : Ts + Foliar application of Triacontanol 1.62 0.35 1.01
T7: Ts + Foliar application of K- humate 1.60 0.36 1.07
Ts : Ts + Foliar application of Triacontanol and K- humate 1.74 0.38 1.07
Tg : 30 kg K;0 per ha as basal application 1.57 0.30 1.00
Tio: To+ Foliar application of Triacontanol 1.64 0.32 1.01
T1 : To+ Foliar application of K- humate 1.63 0.34 1.05
Tio: T+ Foliar application of Triacontanol and K- humate 1.73 0.36 | 1.06
T3 : Foliar application of Triacontanol 1.67 0.32 0.99
T14. Foliar application of K- humate 1.67 0.30 1.00
Tis: Foliar application of Triacontanol and K- humate 1.69 0.30 1.00
Tis: Inorganic K @ 90 kg K,O ha™ as basal application 1.79 0.38 1.01
CD (0.05) 0.06 0.03 0.01
SE(d) + 0.03 0.01 0.01
cV (%) 203 | 444 | 081




Table4.11. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on nitrogen, phosphorus and potassium uptake by
tomato at flowering stage

Treatments Nutrient uptake (kg ha™)

N P K

T1: 60 kg K0 per ha (Recommended K) as basal application | 47.29 8.65 24.25

T, : Ti + Foliar application of Triacontanol 58.24 | 11.27 | 28.76

Ts: Ti+ Foliar application of K- humate 55.89 | 10.75 | 27.18

T, : T1+ Foliar application of Triacontanol and K- humate 68.53 | 12.91 | 34.68

Ts . 45 kg K0 per ha as basal application 42.27 7.42 | 23.03
Te : Ts + Foliar application of Triacontanol 50.62 9.67 | 27.14
T, : Ts + Foliar application of K- humate 54.09 10.16 | 28.47

Ts: Ts + Foliar application of Triacontanol and K- humate 63.80 | 11.91 | 32.87

Tg : 30 kg K;0 per ha as basal application 36.07 6.89 21.30
Tio: Tot Foliar application of Triacontanol 44.28 7.94 23.44
T11 : To+ Foliar application of K- humate 41.97 8.68 24.73

Tio: T+ Foliar application of Triacontanol and K- humate 53.37 | 10.28 | 28.48

Tis: Foliar application of Triacontanol 44.16 717 | 21.67
T Foliar application of K- humate 41.39 6.45 | 20.56
Tis: Foliar application of Triacontanol and K- humate 45.56 7.14 | 22.73

T16: Inorganic K @ 90 kg K,0 ha as basal application 49.94 10.15 25.60

CD (0.05) 9.99 2.00 5.21

SE(d) + 4.87 0.97 | 254

CV (%) 11.87 12.95 | 11.99




Table4.12. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on nitrogen, phosphorus and potassium uptake by
tomato fruit

Treatments Nutrient uptake (kg ha™)
N P K

T : 60 kg KO per ha (Recommended K) as basal application | 77.98 16.53 45.27
T, : T. + Foliar application of Triacontanol 89.25 | 18.63 | 50.44
Ts: Ty+ Foliar application of K- humate 96.31 | 19.68 | 54.47
T, : T1+ Foliar application of Triacontanol and K- humate 107.97 | 22.94 | 5861
Ts : 45 kg Ko0 per ha as basal application 72.37 | 14.69 | 4141
Ts : Ts + Foliar application of Triacontanol 88.87 | 18.40 | 49.72
T7: Ts + Foliar application of K- humate 9359 | 18.63 | 51.96
Ts: Ts+ Foliar application of Triacontanol and K- humate 9391 | 19.87 | 52.76
To : 30 kg K20 per ha as basal application 60.38 13.94 39.50
Tio: Tot+ Foliar application of Triacontanol 82.85 | 17.61 | 49.19
Ti1 : T+ Foliar application of K- humate 90.41 | 18.07 | 50.64
T, : Tot+ Foliar application of Triacontanol and K- humate 9450 | 19.30 | 51.53
Tis: Foliar application of Triacontanol 84.17 | 15.94 | 42.87
T14. Foliar application of K- humate 82.77 | 15.77 | 43.37
Tis: Foliar application of Triacontanol and K- humate 87.89 | 16.76 | 45.67
T1s: Inorganic K @ 90 kg KO ha™ as basal application 7984 1 1793 | 4682
CD (0.05) 840 | 198 | 462
SE(d) + 4.09 0.97 2.25
5.79 6.67 5.69

CV (%)




Table4.13. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on nitrogen, phosphorus and potassium uptake by
tomato haulms at harvest stage

Treatments Nutrient uptake (kg ha™)

N P K

T1: 60 kg K0 per ha (Recommended K) as basal application | 42.92 8.61 25.53

T, : Ty + Foliar application of Triacontanol 57.47 | 11.93 | 33.37
T3 : Ty + Foliar application of K- humate 5434 | 11.41 | 33.33
T, : Ti+ Foliar application of Triacontanol and K- humate 62.47 | 13.27 | 38.20
Ts : 45 kg K0 per ha as basal application 37.72 | 7.49 | 2361
Te : Ts + Foliar application of Triacontanol 4522 | 9.93 | 28.26
T7: Ts + Foliar application of K- humate 38.38 | 870 | 25.71

Tg: Ts + Foliar application of Triacontanol and K- humate 5129 | 11.19 | 31.66

Tg : 30 kg K;0 per ha as basal application 33.27 6.34 21.26
Tio: Tot Foliar application of Triacontanol 42.10 8.30 25.87
T11 : To+ Foliar application of K- humate 36.53 7.55 23.59

T2 : Tot Foliar application of Triacontanol and K- humate 49.07 | 10.33 | 30.19

Ti3: Foliar application of Triacontanol 40.67 | 7.69 | 2415
T Foliar application of K- humate 3884 | 698 | 2327
Tis: Foliar application of Triacontanol and K- humate 44.97 | 812 | 26.76

T16: Inorganic K @ 90 kg K,0 ha as basal application 48.71 10.31 21.51

CD (0.05) 908 | 195 | 554

SE(d) + 4.43 0.95 2.70

11.98 | 1256 | 11.97

CV (%)




Table4.14. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on organic carbon content in soil

Treatments Organic carbon (%)
Flowering | Harvest
T1: 60 kg K0 per ha (Recommended K) as basal application 0.69 0.68
T, : Ty + Foliar application of Triacontanol 0.70 0.69
T3 : Ty + Foliar application of K- humate 0.71 0.70
T4: T1+ Foliar application of Triacontanol and K- humate 0.72 0.71
Ts: 45 kg K;O per ha as basal application 0.68 0.67
Te . Ts + Foliar application of Triacontanol 0.72 0.68
T : Ts+ Foliar application of K- humate 0.70 0.69
Ts . Ts+ Foliar application of Triacontanol and K- humate 0.70 0.70
Ty : 30 kg K,O per ha as basal application 0.68 0.67
Ti0: To+ Foliar application of Triacontanol 0.68 0.68
T1 : To+ Foliar application of K- humate 0.69 0.69
T2 : To+ Foliar application of Triacontanol and K- humate 0.70 0.70
T3 : Foliar application of Triacontanol 0.68 0.68
T14. Foliar application of K- humate 0.68 0.68
Tis: Foliar application of Triacontanol and K- humate 0.68 0.68
T1s: Inorganic K @ 90 kg K,0 ha™ as basal application 0.69 0.68
CD (0.05) NS NS
SE(d) + 0.04 0.02
CV (%) 6.35 2.60




Table4.15. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on available nitrogen in soil

Treatments Available N (kg ha™)
Flowering | Harvest
T : 60 kg K0 per ha (Recommended K) as basal application 160.7 157.7
T, : Ty + Foliar application of Triacontanol 153.9 152.6
T3 : Ty + Foliar application of K- humate 157.2 153.4
T, : T.+ Foliar application of Triacontanol and K- humate 150.4 144.4
Ts : 45 kg K0 per ha as basal application 161.8 158.5
Ts: Ts + Foliar application of Triacontanol 159.1 156.4
T : Ts+ Foliar application of K- humate 160.1 155.5
Ts : Ts + Foliar application of Triacontanol and K- humate 158.2 154.8
To : 30 kg K20 per ha as basal application 168.4 165.2
Ti0: To+ Foliar application of Triacontanol 161.2 162.1
T1 : To+ Foliar application of K- humate 162.8 163.8
Tio: T+ Foliar application of Triacontanol and K- humate 163.6 154.4
T3 : Foliar application of Triacontanol 166.7 164.4
T14. Foliar application of K- humate 168.1 165.1
Tis: Foliar application of Triacontanol and K- humate 167.6 162.6
T1s: Inorganic K @ 90 kg K,0 ha™ as basal application 163.7 160.0
CD (0.05) 6.67 7.06
SE(d) + 3.25 3.44
CV (%) 2.31 2.48




Table4.16. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on available P in soil

Treatments Available P (kg ha™)
Flowering | Harvest
T1: 60 kg K0 per ha (Recommended K) as basal application 56.74 50.43
T, : Ty + Foliar application of Triacontanol 56.21 49.56
Tz : Ty + Foliar application of K- humate 53.19 49.00
T, : T.+ Foliar application of Triacontanol and K- humate 50.58 44.60
Ts : 45 kg K0 per ha as basal application 58.91 54.55
Te : Ts + Foliar application of Triacontanol 59.34 53.30
T7: Ts + Foliar application of K- humate 56.52 53.60
Ts : Ts + Foliar application of Triacontanol and K- humate 56.05 52.14
Tg : 30 kg K;0 per ha as basal application 63.50 56.99
Tio: To+ Foliar application of Triacontanol 59.82 55.14
Ti1 : T+ Foliar application of K- humate 58.91 55.00
T2 : To+ Foliar application of Triacontanol and K- humate 59.74 54.24
T3 : Foliar application of Triacontanol 59.24 55.81
T14. Foliar application of K- humate 57.60 56.16
Tis: Foliar application of Triacontanol and K- humate 58.38 55.41
T1s: Inorganic K @ 90 kg K,0 ha™ as basal application 56.09 50.61
CD (0.05) 6.61 5.91
SE(d) + 3.22 2.88
CV (%) 2.88 2.63




Table4.17. Effect of individual and integrated application of inorganic potassium,
potassium humate and triacontanol on available K in soil

Treatments Available K (kg ha™)
Flowering | Harvest
T1: 60 kg K0 per ha (Recommended K) as basal application 441.7 428.1
T, : Ty + Foliar application of Triacontanol 444.5 430.7
T3 : Ty + Foliar application of K- humate 447.1 433.8
T4 : T1+ Foliar application of Triacontanol and K- humate 452.5 436.7
Ts : 45 kg K0 per ha as basal application 432.6 422.3
Ts: Ts + Foliar application of Triacontanol 435.8 425.6
T7: Ts + Foliar application of K- humate 437.2 429.0
Ts : Ts + Foliar application of Triacontanol and K- humate 443.5 433.1
To : 30 kg K20 per ha as basal application 419.6 4135
Ti0: To+ Foliar application of Triacontanol 418.2 421.3
T1 : To+ Foliar application of K- humate 421.0 420.9
Tio: T+ Foliar application of Triacontanol and K- humate 429.7 424.6
Tis: Foliar application of Triacontanol 407.3 402.3
T14. Foliar application of K- humate 409.8 404.0
Tis: Foliar application of Triacontanol and K- humate 410.6 402.2
T1s: Inorganic K @ 90 kg K,0 ha™ as basal application 451.0 430.5
CD (0.05) 14.12 14.23
SE(d) + 6.88 6.94
cV (%) 1.62 1.67




Table 4.1. Salient soil characteristics of the experimental site

S No. Soil characters Value

1) Physical properties

a) Mechanical composition

i) Sand (%) 49.4

ii) Silt (%) 12.3

iii) Clay (%) 38.3
Sandy clay

iv) Textural class

I1) | Physico-chemical properties

a) Soil reaction (pH) 7.64
(1:2.5 soil : water suspension)

b) Electrical conductivity 0.19
(1:2.5 soil : water extract) (dS m™)

c) | CEC (cmol (p+) kg™) 35.8

I11) | Chemical properties

1) | Organic carbon (%) 0.67

2) | Available nutrients (kg ha™)

a) | Nitrogen (kg ha™) 156.7

b) | Phosphorus (kg ha™) 57.0

c) | Potassium (kg ha™) 449.0




Chapter -V
SUMMARY AND CONCLUSIONS

The importance of potassium needs no emphasis in crop production. Inspite of its
definite role in influencing the yield and quality of crops, very few studies have been
conducted on K nutrition of vegetable crops. Besides potassium, K-humate and
triacontanol also have been reported to play an important role in improving the yield and
quality of vegetables. Research on the integration of the above three components was
scanty. Hence a study was carried out to evaluate whether any interaction exists between
inorganic potassium, potassium humate and triacontanol in influencing the yield, quality
and economics of tomato.

The field experiment was carried out during kharif, 2011 on a sandy clay soil at
College Farm, College of Agriculture, Rajendranagar, Hyderabad to study the “Yield and
quality of tomato (Solanum lycopersicum L.) with individual and integrated
application of inorganic potassium, potassium humate and triacontanol’’. Initial soil
was slightly alkaline in reaction, normal in salt content and medium in organic carbon per
cent. The soil under study was low in available nitrogen, high in available phosphorus and
potassium. The experiment was laid out in randomized block design with 16 treatments,
replicated thrice with tomato as the test crop. The treatments included the individual
application of inorganic K at 30, 45, and 60 kg K,O ha™ level and their integration with
either potassium humate or triacontanol or both (12 no’) besides the individual application
of potassium humate, triacontanol and inorganic K at 90 kg K;O ha™ (3 no’) and a
treatment comprising the combination of triacontanol and potassium humate (1 no’).

The observations on dry matter production, yield, quality parameters, nutrient
content, nutrient uptake, and available nutrient status in soil were studied under field
conditions. Economics of tomato cultivation with respect to treatments were also
computed.

The treatment T, receiving 60 kg K,O ha® with foliar application of triacontanol
and K- humate put forth significantly higher dry matter yield (30.79 q ha™) at flowering,
fresh fruit and haulm yields of 135 and 34.19 q ha™ respectively at harvest of tomato,

which was 29, 18 and 35 per cent more when compared to control (T;) receiving



recommended dose of K. However this was on par with the dry matter produced with the
integrated application of inorganic K at 45 kg KO ha™ and foliar application of potassium
humate and triacontanol (Tg) at flowering and harvesting stages of tomato.

The quality parameters of tomato were also influenced significantly by the
combined application of inorganic K and organics indicating that the T, treatment
receiving 60 kg K,O ha™ with foliar application of triacontanol and K- humate recorded
significantly higher ascorbic acid, lycopene contents and total sugars. However, the
titratable acidity increased with decrease in the dose of potassium and was found to be
significantly higher in Ty receiving 30 kg K;O ha™. The treatment T, receiving 60 kg KO
ha® along with foliar application of potassium humate and triacontanol showed
significantly lower titratable acidity of the fruit.

The chlorophyll content of tomato was significantly higher at T, (52.41SPAD
units) which was 11.5 per cent more over control (T;) receiving recommended dose of K
and was significantly superior over the individual application of even a higher dose of 90
kg K20 ha® . The treatment was also found to influence significantly the leaf carotenoid
content the value being 0.743 mg g™.

The percent N, P and K contents and their uptakes by the plant increased from
flowering to harvesting stage of tomato. The highest total N, P and K contents were found
to be highest in T, receiving 60 kg K;O/ha along with foliar application of potassium
humate and triacontanol at both flowering and harvest stage.

Availability of nutrients decreased from flowering to harvesting stage due to
removal by crop. There was greater reduction in the available N content of the soil in the
treatment receiving 60 kg K,O ha® along with foliar application of triacontanol and
potassium humate at both the stages with the corresponding values of 150.4 and 144.4 kg
ha™ respectively. Significantly higher available N in soil was left in the treatment receiving
inorganic K alone @ 30 kg K,O ha® with the values of 168.4 and 165.2 kg ha™
respectively at both the stages. The per cent reduction from the initial status of 156.7 kg ha’
! was 12 and 14 respectively in the treatment T4 With regard to available P, there was
depletion in the available P of the soil to an extent of 7.5 per cent from the initial value of
57.2 kg ha™ by the end of the crop growth season. The mean available phosphorus in the
soil depleted from 57.4 kg ha™at flowering to 52.9 kg ha at the harvest of the crop.
Inorganic K at the lowest dose (30 kg K,O ha™) left significantly higher amount of



available P in the soil which got significantly decreased to 56.09 kg ha™due to the
application of 90 kg K0 ha™.

There was a spectacular decrease in the mean available potassium content of the
soil from the flowering to harvesting stage in all the treatments.

At flowering, the available K was significantly lower due to the individual application
of triacontanol; the value being 407.3 kg ha™, which however was on par with the
individual application of inorganic K at 30 kg K;O ha™ or potassium humate with
corresponding available K of 409.8 and 419.6 kg ha™. With increase in the level of K
application to 60 kg K,O ha™, the available K remained in the soil significantly increased
to 441.7 kg ha™. With further increase in the dose of K there was no significant increase in
the available K status. Similar results were obtained at the harvest of the crop. There was
depletion in the available K of the soil from the initial value of 449 kg ha™ in all the
treatments. The depletion was higher i.e., 10 per cent with the application of triacontanol
alone and got reduced to 2 per cent in the treatment receiving the combination of

recommended K with triacontanol and potassium humate.
Conclusions

> Integrated use of 60 kg K,O ha™ along with foliar application of potassium
humate and triacontanol is the best for achieving higher yields.

» Foliar application of potassium humate and triacontanol resulted in
accumulation of increased assimilates in the sink and increase in chlorophyll
content of the plant. Thus, nutrient management in tomato with a combination
of 60 kg K;O ha™ along with foliar application of potassium humate and
triacontanol is effective in terms of higher yield and quality.

» The quality of tomato fruits was improved by integrated use of inorganic

potassium and foliar application of potassium humate and triacontanol.

» The changes in available nutrients viz., N, P and K revealed that there was a
decrease in these nutrients from vegetative to harvest stage due to nutrient

removal by crop.

» Gross returns, net returns and B: C ratio was higher in treatment receiving 60
kg K20 ha™ along with foliar application of potassium humate and triacontanol.
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