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ABSTRACT

The present investigation entitled “Integrated nutrient management for cassava
(Manihot esculenta Crantz)” was undeértaken at Agricultural Research Station,
Peddapuram, East Godavari district of Andhra Pradesh under rainfed and irrigated
conditions during Kharif 2002-03 and Kharif 2003-04. The studies were carried out with
Sree Prakash (S-856) variety of cassava with 13 different INM treatments involving
different combinations of recommended, 2/3™ and % dose of inorganic fertilizers with
organic manures, namely, farm yard manure, vermicompost and in situ green manuring
with cowpea at 45 DAS and the biofertilizer, Azospirillum. Further, the experiments were
laid out in a randomized block design with three replications and data on effect of
different INM treatments on growth, drymatter production and partitioning, growth
analysis parameters, yield, yield attributes, quality and nutrient uptake of cassava were
recorded and statistically analyzed. Correlations between yield and yield attributes; and
economics of the different treatments were worked out.

The application of organic manures in conjunction with bio-fertilizer and
inorganic fertilizers at different levels (T, — Ty3) was in general observed to exert a
significant influence on growth attributes, CGR, NAR, drymatter partitioning at harvest,
drymatter production at the different growth stages, shoot/root ratio, tuber yield, yield
attributes and nutrient uptake under rainfed and irrigated conditions, during the two years
of investigation. The different integrated nutrient management treatments studied in the
present investigation were also observed to profoundly influence the gross and net
returns in addition to benefit: cost ratio of cassava. However, the tuber quality attributes
were not significantly influenced by different INM treatments studied.

The application of recommended NPK fertilizer dose along with vermicompost
~and Azospirilltum (T7) had in general resulted in maximum growth attributes, dry matter
production, CGR, NAR, yield, yield attributes and nutrient uptake in addition to
minimum shoot/root ratio during both the years of investigation under rainfed and
irrigated conditions indicating the potential of the INM treatment in enhancing cassava
crop yields under both the conditions. The treatment was resulted in maximum gross
returns, However, total expenditure was high for the treatment, owing to the high cost of
vermicompost resulting in relatively reduced net returns. Further, the application of 2/3"
recommended dose of inorganic fertilizers along with vermicompost and Azospirillum



(T8) had resulted in growth attributes, drymatter production, tuber yield, yield attributes
and nufrient uptake on par with recommended dose of inorganic fertilizer applied in
comjuncilon with vermicompost and Azospirillum (T7) during both years of investigation
and under both rainfed and irrigated situations, indicating a scope for realization of
higher cassava yields with reduced dose of inorganics resulting in reduced cost of
cultivation and maintenance of soil health. The low net returns and benefit : cost ratio in
INM ftreatments with vermicompost component may be enhanced through
encouragement of vermicompost production by the farmer himself.

The application of INM treatments involving FYM component (T2-T5) had in
general recorded significantly higher yield, compared to application of recommended
inorganic fertilizers only (T1) under both rainfed and. irrigated conditions during both
years of investigation. The application of FYM in combination with Azospirillum and
different doses of the inorganic fertilizers (T2 - T5) was also observed to in general result
in increased total N, P and K nutrient upiake, compared to the application of inorganics
alone (11) under both rainfed and irrigated conditions during both the years of
investigation due to an increase in drymatter production, resulting from the improvement
in the growth attributes. The net returns were also in general higher with INM treatments
involving farm yard due to the relatively high yields coupled with the average cost of the
organic component involved corroborating the existing recommendation for use of
farmyard manure in conjunction with inorganic fertilizers for increased, economic and
sustainable production of cassava under both rainfed and irrigated conditions. Maximum
net returns were also recorded in the present investigation for application of 2/3™ dose of
recommended inorganics in conjunction with farm yard manure and Azospirillum (T3)
under both rainfed and irrigated conditions during both the years of investigation.

Application of green manure in conjunction with Azospirillium and different
levels of inorganic fertilizers (T10 to T13) had in general recorded yield and yield
attributes on par with the application of recommended inorganic fertilizers only (T1)
under rainfed conditions during both the years of investigation, probably due to
unavailability of sufficient nutrients in these treatments under rainfed conditions,
resulting from the slow and delayed decomposition of organic material applied under
restricted moisture conditions. In contrast, the treatments (T10 to T12) had recorded
significantly higher yield and yield attributes, compared to the application of
recommended inorganic fertilizers only (T1) under irrigated conditions duririg both the
years of investigation. ' ]

The benefit:cost ratio was also in general higher with INM treatments involving
green manure component in spite of the relatively low yields, compared to INM
treatments involving vermicompost and FYM due to the low cost of green manure, .
indicating the feasibility of in situ green manuring with cowpea in conjunction with
inorganic fertilizers and Azospirillum for economic and sustainable production of
cassava under both rainfed and irrigated conditions of the state. Maximum benefit : cost
ratio was also recorded for the application of ¥4 dose of recommended inorganics in
conjunction with green manure and Azospirillum (T13) under both rainfed and irrigated
conditions during both the years of investigation indicating potential of the treatment for
enhanced returns to cassava farmers. '

The correlation studies showed a significant positive correlation of yield with all
the growth and yield attributes and N, P and K nutrient uptake indicating the dependence
of tuber yield of cassava on these parameters.
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CHAFTER |
INTRODUCTION

Cassava (Manihot esculenta Crantz) popularly known as tapioca is a native
of tropical America (Olsen and Schaal, 2001) and was introduced into India by the
Portuguese in the 17™ Century. The starchy root is its best known and used product
world wide; however the fresh foliage is also used in several regions of the world for
animal and /or human consumption. Cassava has high biological efficiency and can
substitute cereals with higher carbohydrate and calorific content. Further, the crop
plays a significant role in food and nutritional security of rural areas and serves as
staple or subsidiary food for about one fifth of the world’s population (Edisdn,
2000). It is also a raw material for starch-based industries in many parts of the

world.

Cassava can be grown on a wide range of soils and environments and has the
capacity to withstand adverse biotic and abiotic stresses. Globally it is grown in an
area of 16.37 million hectares with an annual production of 164.75 million tonnes of
tubers. Nigeria occupies first position in both area and production accounting for
16.5 per cent an_d producing 18.5 per cent respectively. Congo, Brazil, Thailaﬁd and
Indonesia are the other major cassava growing coﬁntries constituting 50 per cent of
the area and 64 per cent of the world’s production. In India, cassava is grown in an
area of 2.7 lakh hectares with an annual production of 7.1 million tonnes (FAO,
2004) and a productivity of 25.93 tonnes per hectare is the highest in thé world
(Srinivas, 2004). In India, Kerala is the largest cassava cultivating state with 45
per cent of area followed by Tamilnadu with 43 per cenf area. The Andhra Pradesh

state accounts for 8.4 per cent area (21,500 ha) (CMIE, 2002) and produces 0.17



million tonnes of tubers annually, which is utilized exclusively for industrial
purposes (Srinivas and Anantharaman, 2000). Further, cassava in the state is
predominantly grown as a rainfed crop. However, in low rainfall areas and certain
non-traditional areas, it is cultivated as an irrigated crop. Nutrient requirement of the

crop under these two situations varies widely.

Organic manures have been reported to play a vital role in the nutrient
management of crops through amelioration of physical and biological conditions of
soil and supply of macro and micronutrients to the crops. In India, farm yard manure
(FYM) remains the most popular organic manure applied to fields and it can
potentially supply about 6.8 million tonnes of N, P and K per year (Sarkar and
Rattan, 1995). The response of cassava to organic manures has been studied by
several workers and a significant increase in the tuber yield has been reportedlupon
application of FYM in combination with nitrogen, phosphorus and potassium
fertilizers (Mandal ef al.,1973; Saraswat and Chettiar,1976; Mohankumar et al.,
1976). Amc;ng the individual nutrients, maximum response was obtained for the
application of FYM with nitrogen. However, Prabhakar and Nair (1987) suggested
that green manuring in-sifu can substitute the practice of using FYM | in the
cultivation of cassava and can bring down .the cost of inputs substéntially.
Incorporation of green manure crops, particularly cowpea was reported to irhprove
nitrogen content of the soil (Mohankumar and Nair, 1990). However, a decline in
the availability of FYM necessitates a search for alternate manures. Vermicompost
has been advocated as a good source of nutrients in integrated nutrient management
(INM) of field crops (Shraff and Devasthali, 1992). ‘It. plays a significant role in

improving fertility of the topsoil and boosting crop productivity. But, no studies



have been made on its effect either individually (or) in combination with inorganic

fertilizers i cassava.

Biofertilizers, which are formulated cultures of microorganisms, play an
important role in sustaining productivity of soils through biological N, fixation and
enhancing native P availability to crops. Biofertilizers and organic manures together
can make significant contribution in maintaining soil health and balancing soil
fertility through supply of plant nutrients at an optimum level (Swaminathan 1002)
Among the various bio-fertilizers available, Azospirillum, an associative symbiotic
nitrog‘en fixing bacterium known to occur in the rhizosphere of many monocots and

“dicots has been reported to be important in integrated nutrient management of field
crops (Venkateswarlu and Rao, 1983). The beneficial effects of Azospirillum in
fixing nitrogen and improving the growth and yield of cassava have also been

demonstrated by Suchetha et al., (1991).

However, application of organic manures alone to soils is not adequéte to
meet the nutrient demand of the recent high yielding varieties of crops because of
their low nutrient content and slow nutrient releasing nature. Likewise, the use of N,
P and K fertilizers under modern intensive farming also will not be sufﬁcieﬁt to
sustain the food requirement of increasing population. The recent hikes in priges of
fertilizers have been compelling the Indian farmers to resort to imbalanced nutrition
of crops and thus, leading to reduction in crop yields and also causing negative
nutrient balance of 8 to 10 MT of N+P,05+K,0 annually (Tiwari,‘2002), The
situation with regard to secondary and micronutrients is more alarming. The
problem of nutrient depletion is being further aggravated with the decreasing

availability and consequent low rates of application of organic manures. It has also



been observed that no single nutrient source, be it inorganic fertilizer, organic
manurc of biofertilizer, is not in a position io meet the entire nutrient requirement of
crops grown in the country. Therefore, combined use of chemical, organic manures
and biofertilizers seems to be the only way out to replenish the soil nutrient reserve.
In this context, Integrated Nutrient Management (INM) holds great promise in
meeting the growing nutrient demands of inténsive agriculture and maintaining crop
productivity at fairly high level. The conjunctive use of organic and inorganic
sources will improve soil health and help in maximizing production as it involves
utilization of local resources and, hence turned out to be rational, rt;alistic,' eco-

friendly and economically viable way of supply of nutrients to crops.

Considerable work has been done on the use of chemical fertilizers along
with farm yard manure, but information on the application of vermicompost and
green manure as organic sources along with biofertilizers (Azospirillum) is rather
meager in cassava, particularly under rainfed and irrigated conditions of Andhra

Pradesh. Hence, the present investigation was initiated with the following objectives.

1. To study the effect of integrated nutrient management on growth, »&evelopment
and yield of cassava under both rainfed and irrigated conditions.

2. To study the inﬂuence‘ of integrated nutrient n;anagement on quality
parameters of cassava under both rainfed and irrigated conditions.

3. To study the effect of influence of integrated nutrient management on nutrient

uptake by the crop under rainfed and irrigated condition.
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CHAPTER 1

REVIEW OF LITERATURE

The use of organic manures like farm yard manure, green manure,
vermicompost etc., along with inorganic and bio-fertilizers has been reported to
increase yield and quality of crop produce through supplementation of esséntial
nufrients. Further, the supply of nutrients either through inorganic source (or) bulky
organic inanures aloiie does not sustain the productivity ot exhaustive crops like
cassava. Research results have cléarly demonstrated the necessity of integrated
nutrient supply and management system for sustainable crop production. The
available literature on performance of cassava and other related crops with the
application of organic manures (FYM, vermicompost and gréen manuring),
inorganic fertilizers (N, P and K) and bio-fertilizer (Azospirillum) ¢ithe} alone or in
combination, in relation to crop growth, yield, quality and nutrient uptake has been

reviewed in this chapter.
2.1 EFFECT OF INORGANIC FERTILIZERS

Cassava requires a fairly good amount of nutrients for higfl and economic
yields. It is generally considered that cassava exhausts the soil and removes large
amount of N and K and this removal is more when cassava receives supplementary
irrigation.
2.1.1 Nitrogen

Nitrogen plays an important role in plant nutrition, being an essential

constituent of many metabolically active compounds like amino acids, proteins,



nucleic acids, chlorophyll, porphyrins, flavins, purines, pyrimidines, nucleotides,
enzymes, coenzymes and alkaloids. Fox et al. (1975) reported the critical level of N
deficiency to be about 5% in the leaf blade of 4 - 5 months old cassava plants.
Mitra et al .(1990) reported high nitrogen requirement for cassava.
Mohankumar ef al. (2000) also observed that cassava crop depleted relatively large
amounts of nitrogen from the soil, especially when the leaves and stems were
-removed with roots and the crop’s response to applied nitrogen was high
particularly in the hot humid conditions of tropics, where the rate of decomposition
of organic matter and loss of mineralized nitrogen was high and where the crop was

also grown predominantly.
2.1.1.1 Effect on crop growth, yield and yield attributes

A significant increase in plant height, leaf number and leaf retention due to
higher rates of N application was reported by Mandal et a/l. (1971). Natarajan (1975)
also reported enhanced plant height of cassava with the application of niﬁrogen up to
150 kg ha™. An increase in the tuber yields of cassava in response to higher rates of
N application has been reported by several researchers. Saraswat and Chettiar (1976)
obtained a response up to 150 kg ha” and suggested 100 kg N ha™ as 'ghe mbst
economic dose for tuber yields in cassava. Further, Pillai and George (1978)
reported an increase in plant height and tuber weight in response to higher levels of
nitrogen in cassava. However, Ashokan ef al. (1988) stated that nitrogen nutrition

had no significant effect on yield attributes of cassava.

Studies by Nair (1982) revealed significantly higher tuber yields in the high

yielding hybrid cassava “Sree Sahya” with the application of N at 125 kg ha™ in



red-loam soils of south Kerala. He further reported highest plant height and node
number at 200 kg N ha™. But, enhancement in leaf area was highest at 125 kg N ha".
However, Ramanujam (1982) reported significant increase in LAI, CGR and dry
matter production up to 150 kg N ha™ in cassava. Nair (1982) also observed that
increase in N dosage resulted in a significant increase in tuber number and weight in
cassava. The studies at CTCRI, Thiruvananthapuram on N response by high yielding
hybrids of cassava revealed a decrease in the yield of tubers with N application
beyond 100 kg N ha" (CTCRI, 1985). Further, Ashokan et al. (1988) recorded
increased tuber yields of 35 to 67 per cent in'a local type and the hyl?rid H-1687,
respectively with the application of nitrogen. They also reported an increase in.tuber
number, tuber length, plant height, number of leaves and harvest index. Vinod and
Nair (1992) also found that increasing N rates up to 150 kg ha” was beneficial for
cassava production. Investigations by other workers also revealed high tuber yields
of cassava at nitrogen levels ranging from 100 kg to 150 kg ha™ (Mohankumar and
Nair, 1994). Further, Geetha and Madhavan Nair (1993) reported a significant
positive influence on morphological characters like plant height, number of
branches, number of leaves and leaf area index bf Coleus parviflorus upon' ‘N’
épplication @ 60 kg ha'l.- Similarly, Taleb and Husséin (1997) obtained highest |
number of branches per plant, greatest leaf area and highest chlorophyll content
upon the application of N @ 0.8 g pot™ along with P and K @ 0.3 and 0.5 g pot”,

respectively in Coleus blumeli.



2.1.1.2  Effect on quality

Quality of cassava is determined in terms of starch and HCN contents. Black
(1973) reported a reduction in starch content of cassava tubers with increased levels
of N due to a decrease in the availability of carbohydrates, probably due to the
increased rate of protein synthesis and consequent increase in vegetative growth.
Similar reduction in the starch content as well as dry matter production with an
increase in the N content was reported by Asholean o o/ (1982) Tun und Mark
(1995) also reported a negative correlation of starch content with higher dose of ‘N,
However, improvement in starch content of cassava tuber as a result of higher rates
of N application has been reported by Mandal er al. (1971); Natarajan (1975); and
Pillai and George (1978). Vijayan and Aiyer (1969) reported an increase in starch
content of cassava due to N nutrition up to 75 kg ha™. In contrast, Muth;lswamy and
Chiranjivi Rao (1979) found that starch content of cassava tubers was not affected

by N levels.

The HCN content of cassava tuber was reported to increase with N
application (Howeler, 1978; Gomes and Howeler, 1980). An increase in HCN
content of the cassava tubers and their consequent poor quality, with N applicatic;n
due to the formation of cyanogenic glucosides was also reported by Nair (1982).
Similarly, Mohankumar and Nair (1985) attributed the increase of HCN in N applied
treatments to the accumulation of cyanoglucocides as a result of large non protein
nitrogen resulting from a deficiency of micronutrients. Ashokan ef al. (1988) also

reported an increase in the HCN content with an increase in the N content.



Jayakrishnakumar et al. (1991) reported a general improvement in tuber quality of

th

cassava with the application of %" recommended dose of N.

2.1.1.3 Effect on nutrient uptake

Several workers have determined the nutrient uptake pattern with increasing
doses of N in cassava (Kanapathy, 1974; Howeler, 1978). Asher et al. (1980)
reported a removal of 3.5 to 6.0 kg N per tonne of tuber yield produced in cassava.
The soil organic carbon and available N were reported to be high under cvf Sree
Visakham fertilized with 100 kg N ha' and sown after a green manure cowpea crop
of cv. 152 (Nair and Sadanandan, 1985). Further, the favourable influence of N
application on N concentration in cassava was reported to be more under moisture
stress as compared to the no stress condition (Nayar et al, 1986). Varietal
differences in the N content under differing rates of N application was reported by
Muthuswamy and Rao (1988). They also observed a positive correlation of N rate

with N content of leaf blade at the 5™ month.

Kabeerathumma and Mohankumar (1990) reported that continuous
application of N fertilizers increased N availability in soil. Badanur et al. (1990) also
recorded increased soil N levels with fertilizer application over and above érop
residue incorporation. Further, Kabeerathumma e al. (1999) reported a significant
increase in the available N content in a cultivaied soil applied with organic N from

their five year study on the available NPK content of soils.

2.1.2 Phosphorous

Phosphorus plays an important role as astructural component of the cell. It is

"a constituent of sugar phosphates — ADP/ATP etc. It also has an important role in
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energy transformation and metabolic processes of plants. The P requirement of
cassava is less as compared to that of nitrogen and potassium. Howler (1978)
reported normal Phosphorous concentration of upper fully expanded leaves of

cassava to range from 0.3 to 0.5% and the critical concentration has been found to be

0.44%.

2.1.2.1  Effect on growth, yield and yield attributes
Mandal et ol (1971) reported that in soils with high P eantend, skipping, of

for the first four years had no significant influence on the tuber yield of cassava, but
in acid laterite soils with low P content, yield response was noticed for P application
up to 100 kg P,Os ha', beyond which the response was non-significant. Further, the
optimum economic dose of P in laterite soils was reported to be 45 kg P,0s ha™.
However, Nair and Rajendran (1973) and Pillai and George' (1978) reported
response of cassava for P doses ranging from 50 to 75 kg P,0s ha' in
cv. Malayan-4. The results of permanent experiments conducted at CTCRI,
however, indicated that exclusion of P from the mineral schedule of cassava had no
significant adverse effect on the growth and yield parameters of cassava (CTCRI,
1981). In contrast, Nair et al. (1988) reported the_ response of cassava to grgdeci
levels of P in acid laterite soils. They further inferred 50 kg P,O; ha™ as the optimum
P level and 45 kg P,0s ha’ as the economic dose for cassava production in acid

laterite soils.
2.1.2.2 Effect on quality

Prema et al. (1975) reported an increase in dry matter, starch and crude

protein content of cassava at higher levels of P application. Further, Thomaskurien



i
et al. (1976) observed a significant reduction in HCN content of cassava tubers due
to P’ fertilization. In contrast, Susan John et al. (1997) reported that neither different
levels nor sources of P had any significant influence on the starch content of cassava

tubers.
2.1.2.3 Effect on nutrient uptake

Okeke et al. (1979) reported that application of N and P was most effective in
increasing dry matter production and nutrient uptake. Studies by Mello et ol (1980)
on P saturation of latosol revealed that P availability increased by 0.252 ppm per kg
of applied P. Haque and Walker (1980) also reported an increase in the P availability
by 0.23 ppm per kg of applied P in acid Sierra Leone soil. Howeler (1981) reported
that cassava being a tuber crop; its P requirement and consequently the ﬁPvuptake are

relatively low, compared to those of N and K.

Availability of P in soil was reported to increase markedly with the
application of both super phosphate and rock phosphate and inclusion of FYM
further acgentuated the availability (Pillai ef al., 1987). They also reported that
continuous application of P,0s @ 100 kg ha™ for five years resulted in a build up of
P up to 399 kg ha™. Further, Nair et al. (1988) reported 25 kg P,0; ha” as tile_
optimum dose for high yield and increased P uptake in cassava. However, increased
dry matter accumulation due to higher doses of P fertilization and a conseduent
increase in P uptake has been reported by Mshankumar and Sadanandan (1990).
Optimum P dose was reported to vary depending on several factors. Accofding to
Kabeerathumma and Mohankumar (1990) upttke of P was high when Mussoorie

Rock Phosphate was applied with FYM. They also confirmed that in acid soils



Mussoorie rock phosphate was as good as or even superior to single super
phosphate. Kabeerathumma et al. (1999) further attributed the increased availability
of P noticed on application of inorganic P sources with FYM to the formation of
sesquioxide cover and the consequent reduction in phosphate fixing capacity of the

soil.

2.1.3 Potassium

Potassium o oscential for carbohydiate translocation from the iops (6 ihe
roots. Normal cassava plants have a ‘K’ concentration of 1.2 to 3% in the petioles
and 0.5 to 1% in the roots. Further, potassium content of petiole varies over a wider

‘range than that of leaf blade and thus appears to be a better indicator of ‘K status of
the plant. The critical ‘K’ content is about 1.2% in the leaf blade and 2.5% in the
petiole (Asher et al., 1980). The importance of potassium in cassava production has

been reported by several workers (Mandal and Mohankumar, 1969; Samuels, 1970;

Kanapathy, 1974; Mohankumar et al., 1976).

2.1.3.1 Effect on growth, yield and yield attributes

Investigations by several workers revealed that cassava responded favourably
and yielded highest to the application of 100 kg K,0 ha™ (Mandal and Mohankumar,
1969). Mohankumar et al. (1971) also recorded significantly higher number of
tubers per plant at 100 kg K,0 ha. Similarly, Rajendran et al. (1976) reported that
100 kg K,0 ha'! was optimum for cassava and further application 'resulted in luxury
consumption. However, Pushpadas and Aiyer (1976) obtained yield responses 'up to
135 kg K,0 ha™! for the variety H-165. Similarly, Ashokan and Sreedharan (1977)

recorded yield response in cassava up to 135 kg K,O ha™ for the variety H-97.



Further, Ashokan and Sreedharan (1980) found an increase in plant he;ght and top
yicld at higher levels of potassium applied to cassava. Nair et al. (1980) compared
two indigenous sources of potassium (Schoenite and Syngenite) at different levels
with muriate of potash on the yield of cassava in an acid laterite soil. Results
revealed the two potassium sources to be on par with muriate of potash in increasing
the tuber yield. Among the levels tried, 100 kg K,O ha” was found to be the
optimum.

Nair (1982) recorded an enhancement in plant height during the later stages
of growth at higher rates of K fertilization. Nair and Aiyer (1985) also observed an
improvement in plant height, stem girth and leaf retention at higher rates of K
application and recommended 128 kg K,O ha™ as the optimum dose for cassava
production. However, highest tubers per plant were recorded at 100 kg K,O ha™,
while greater tuber size was obtained at 150 kg K,O ha™. In contrast, Nair and
Sadanandan (1987) reported increase in tubers per plant and cassava yields up to 200
kg K,0 ha™ of potash application. Similarly, Ramanujam and Indira (1987) reported
an increase in plant height, accumulation of bio-mass per plant and crol; grpwth rate
of cassava with increasing levels of K,O up to 200 kg ha™. Jimenez (1990) alsé 7
reportéd an increase in plant heigﬁt, root number and root yiéld with increasing K
rates. The optimum economic and agronomic points were inferred to be 198.6 and
97.3 kg K,0 ha’, respectively. In contrast, Mohankumar (1999) recorded highest
cassava yield at 100 kg K,0 ha”', which was on a par with the yield obtained at 75

kg K,0ha™,



2.1.3.2 Effect on quality

The beneficial effect of ‘K’ nutrition in enhancing the quality of cassava
tubers has been widely reported. Fujise and Tsuno (1967) reported~ that starch
content of cassava tubers increased with K application due to an increase in the mass
paranchymatous cells, which contained starch granules. The favourable effect of
potash nutrition in enhancing starch content of cassava tubers was also observed by
Natarajan (1975). High starch yields of cassava tubers with the application of 250 ke
K,0 ha™ + 600 kg CaO ha' was reported by Pusphadas and Aiyer (1976) in the
cassava varieties M-4 and H-165. Mohankumar et al. (1976), Ashokan and
Sreedharan (1977) and Pillai and George (1978) also reported an increase in the
starch content of cassava tubers with increased dose of K application. Furthér, an
increase in the edible portion of cassava tubers with a simultaneous reduction in the

crude protein content was reported by Pillai and George (1978).

Ashokan and Sreedharan (1980) reported that application of ‘K’ alone or in
combination with FYM increased the starch content of cassava tubers. Nair et al.
(1980) also reported maximum starch content of cassava tubers upon applicatioq of
NPK fertilizers in combination with FYM. They further reported a_marked decrease
in HCN content of cassava tubers with increasing levels of K ~application.
Improvement in the starch content and quality parameters namely, amylose content,
granule size, viscosity and swelling volume with an increase in the rate of K

application was reported by Nair and Aiyer (1986).

The effect of higher levels of potassium application in reducing HCN content

of cassava tubers was documented by several workers (Nair and Aiyer, 1986; Nair



and Sadanandan, 1987; Ramanujam and Indira, 1987). However, Ashokan et al.
(1988) reported non-signitficant influence of K fertilization on the HCN content of

cassava tubers.
2.1.3.3 Effect on nutrient uptake

Mohankumar et al. (1971) reported that N, P and K application had a
significant influence on the K content in petiole of cassava plant. The critical K
“content was reported to be about 1-2 per cent in the leaf blade, 0 5-1 ner cent in rnots
and 2.5 per cent in the petiole (Kanapathy, 1974). Uptake of K by cassava tubers
was reported to increase with increasing N and K application (Rajendran et al.,
1976). Nair et al. (1980) also observed increased K content in leaf, stem and tubers
with increasing K levels. Further, they reported that application of K @ 100 kg K,0O
ha! maintained a steady level of K in the soil throughout the cropping season, while

application above this level resulted in a residual effect.

Thampatti and Padmaja (1987) observed a significant correlation of K uptake
with tuber yield and dry matter production of cassava at third month, six month and
at harvest stages. Further, Kabeerathumma et al. (1999) reported that soil available
K was highest when cassava was supplied with 100 kg N + 100 kg K ha™ followed
by a green manure crop of cowpea.

2.2  EFFECT OF ORGANIC MANURES

Traditionally cassava is fertilized with organic manures and resi)onsg of the

crop to organic manures has been studied by several workers (Mandal et al., 1973;

Saraswat and Chettiar, 1976; Mohankumar et al., 1976). It has been reported to

respond to both bulky and concentrated organic manures (Thampan, 1979).
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2.2.1 Farm yard manure

The term “Farm yard manure” refers to the decomposed mixture of dung and
urine of farm animals along with the litter (bedding material) and leftover material
from roughages or fodder fed to the cattle and occupies an important position among
bulky organic manures. FYM éan be used for all the horticultural crops as it contaiﬁs
all the major nutrients required for healthy crop growth. On an average, FYM
contains 0.5 to 1.0 per cent N, 0.15 to 0.2 per cent P,O; and 0.5 to 0.6 per cent K,0
(Gaur, 1991). A tonne of FYM is estimated to supply 5.0 kg N, 1.9 kg I;ZO5 and 3.0
kg K,0. Tandon (1992) reported that addition of one tonne of FYM substituted 7.2
kg N, 3.6 kg P and 3.6 kg K. Further, cattle excreta based FYM in India has been
estimated to potentially supply 3.3 million tones of N, P and K per year (Gaur ef al.,

1992).
2.2.1.1 Effect on growth

Tiwari et al. (2000) reported that in Acorus calamus, application of FYM at
the rate of 20 t ha” along with basal application of 100 kg N and 100 kg P,Os
resulted in a significant increase in all the crop growth parameters. Further,
Harinkhede et al. (2001) reported that in Plumbago zeylanica, growth parame_tersr

were highest with the applic‘ation of FYM @ 10 t ha + NPK at 60:40:30 kg hafl.

Saharan et al. (2001) revealed a significant increase in the growth parameters
with the application of FYM @ 20 t ha' in Shankhpusphi (Evolvulos alsinoides).
Similarly, Bhaskar et al. (2001) reported that application of FYM @ 30 t ha” and
180 kg N ha™ produced significantly higher number of shoots (170.2), and highest

leaf stem ratio (2.03) in Pelargonium graveolens. Joy et al. (2002) also found that



application of FYM @ 20 t ha’ resulted in increased plant height (90.18 cm),
number of leaves per sucker (10.23), number of suckers per clump (57.10) and

number of clumps per plant (19.17) compared to control in Alpinia galanga.
2.2.1.2  Effect on yield and yield attributes

An increase in the tuber yields of cassava has beén'reported by several
workers with the application of farmyard manure in combination with N, P and K
(Mandal et al., 1973). .Amoﬁg the individual nutrients, maximum response was
obtained for the application of FYM with nitrogen (Mohankumar et al., 1976).
Further, Saraswat and Chettiar (1976) observed that FYM application substantially
met the nitrogen requirement of cassava crop. A yield of 32 t ha™ was recorded for
the crop when 66.6 per cent of N was applied as FYM and the rest as calcium
ammonium nitrate. Mandal and Mazumdar (1980) reported the highest tuber yield of
potato with the application of 90:80:70 kg NPK ha™ along with FYM @ 15 t ha'l.
Studies at CTCRI also revealed that basal application of farm yard manure at 25 t
ha! was beneficial in enhancing the yield of cassava tubers (Mohankumar ef al.,

1976 and Pillai et al., 1987).

Minhas et al. (1994) observed that application of farm yard mapure @ 10 t
ha™ increased potato tuber yield significantly over control (no fertilizer). Similarly,
Bohm and Dewes (1997) reported an increase in potato tuber yield with increasing

levels of FYM from 0-30 t ha™.
2.2.1.3 Effect on nutrient uptake

Sabanayagam (1982) observed an increase in the uptake of N and P due to

the application of FYM at 25 t ha™ in cassava. The results of All India Co-ordinated



Research Project on long term fertilizer experiments at CTCRI, Thiruvananthapuram
also revealed highest uptake of N in FYM +100 per cent NPK treatment. Similar
trend was observed in the uptake of P and K (CTCRI, 1983). Minhas and Amilsood
(1993) also reported that application of FYM significantly increased the NPK uptake
by potato crop.

2.2.2 Vermicompost

Organic manure produced due to the activity of earthworms is commonly
referred as vermicompost. It is a mixture of worm casts, which is a rich source of
macro and micro nutrients, vitamins, growth hormones and microflora. The most
important effect of earthworms was reported to be the stimulation of microbial
activity that occurs in casts which enhances the transformation of soluble nitrogen
into protein, preventing their loss by leaching to the lower horizons of the soil
(Nowak, 1970). The material ingested by earthworrﬁs undergoes biochemical
changes and in the ejected casts, the plant nutrients and growth substances are
rendered in plant assimalable forms. Thus, fertility of vermicompost is due to the
enzymatic activity and microbial activity associated with the earthworms (Kale
et al., 1987).

Curry and Byrne (1992) found that earthworms derived nitrogen could
supply 30 percent of total crop requirement as it is a potential source of readily
available nutrients for plant growth. Shinde et al. (1992) report;:d that the
phosphorus content of vermicompost was more than that of FYM. Théy also
reported that vermicompost contains Fe, Mn, Zn and Cp at 17.8, 24.6, 19.2 and

7.6 ppm, respectively.



Jambhelkar (1994) reported that vermicompost contains 2.0 to 2.5 per cent
available nitrogen, 1.0 to 1.5 per cent available phosphorus, 1.0 to 1.5 per cent
available potassium and also secondary nutrients like Ca, Mg and micronutrients
like Fe, Zn, Mn, Cu and Mo in ample quantities. Further, it was also reported to
contain enzymes like phosphatase, invertase, chitinase etc., and also growth
hormones like indole acetic acid and gibberellic acid. Microbial analysis also

confirms that vermicompost is rich in microbes, namely, bacteria like Azetobacter

and Azospirillum, besides number of actinomycetes which help in plant growth.
2.2.2.1 Effect on growth

Nielson (1965) observed improved growth in pastures and other crops which
was contributed to the richness of the earthworm fauna and linked to the chemical
exudates of earthworms and microbes in association with them. The lush growth of
plants obtained by the application of vermicompost was reported to be due to the
presence of plant growth promoters like cytokinins and auxins in the worm casts
(Krishnamoorthy and Vajranbaiah, 1986).

An extensive study on the effect of vermicompost in balsam, zinnia, coleus,
marigold and lady’s lace with regards to crop growth revealed on par effect with
farm yard manure and inorganic chemical fertilizers (Kale et al., 1991). They also
reported that quantity of inorganic fertilizers could be reduced by 25 to 30 per cent

in radish, tomato, carrot and brinjal with the application of vermicompost.

2.2.2.2 Effect on yield, yield attributes and quality

In an experiment with potato cv. Kufri Chandramukhi, Patil et al. (1997)

reported that application of vermicompost @ 4 t ha™ could substitute 50 per cent of



recommended dose of fertilizer and produced 53.46 per cent more yield over
seconunended dose of fertilizer. Saikia and Rajkhowa (1998) obtained highest
marketable tuber yields in potato with the application of 2.5 t ha” vermicompost
along with 75 percent recommended NPK at 120:100:100 kg ha™, respectively.
Similarly, Patil et al. (1998) reported highest yield and net income in carrot with the
application of vermicompost @ 2 t ha! + recommended rate of inorganic fertilizers
(NPK at 100:75:75 kg ha™). Ravindrababu (1999) also reported that application of
vermicompost @ 15 t ha along with 100 per cent recommended dose of NPK gave

highest yield in carrot.

Ghosh and Sarkarsumana (2000) reported that vermicompost de\;eloped from
animal and agricultural waste had higher nutrient and microbial population and one
tonne of compost material could supply adequate nutrients (15 kg nitrogen, 8 kg
phosphorus, 10 kg potash) to substitute partly for chemical fertilizers. An increase in
the number of tubers, fresh and dry tuber yield aﬁd steroid content of Chlorophytum
borivillianum was also reported by Paturde et al. (2002) with the application of
vermicompost of 5 t ha™.

2.2.3 Green Manuring

Vigna (Cowpea) was reported to be a superior green manure crop for cassava
cultivated on acid infertile soils of Colombia (CIAT, 1975). Sasidhar and
Sadanandan (1976) and Mattos et al. (1980) reported that cassava was benefited by
the rotation and ‘association of cowpea. Green manuring in situ or incorporétion of
green matter was reported to supplement nitrogen equivalent to 50 kg N ha™' in rice

and other dry land crops besides recycling P and K and improving soil organic
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carbon. Leguminous crops like cowpea, green gram and black gram were reported to
Le useful as gieen manure for incorporation of the sialks after harvest of seeds or
pods. These leguminous crops were able to fix varying amounts of N from 85 to 500
kg N ha'! and after considering various losses (leaching, denitrification, etc.), a
modest average estimate of 50 kg N ha™ was believed to be available to the crop
(Gaur and Singh, 1982). Green manuring was also suggested by Gaur et al. (1984)
for enrichment of soil fertility and sustainability in the long run. Similarly, Joseph
(1986) advocated in situ sowing and incorporation of short duration green manures
to increase the soil fertility and productivity. Prabhakar and Nair (1987) also
suggested that green manuring in sz‘tu'can eliminate the practice of using FYM in the
cultivation of cassava and can bring down the cost of inputs substantially, especially
on Nitrogen. The benefits credited to leguminous green manure cfops include
increase in organic matter content and available plant nutrients and improvement in
the microbiological and physical properties of the soil, besides enhancing the
fertility status. Of these, the role of green manures in supplying plant nutrients
particularly N, is most prominent. It has been estimated that global N flux from

symbiotic fixation is about twice the input from fertilizers (Paul, 198 8).’

The beneﬁéial effects of raising cowpeé and incorporation to cassa\./a in ﬁe_ld
were reported by Mohankumar and Nair (1990). Howeler (1993) advocated
interplanting of the green manure crops in between cassava rows at the time of
planting cassava and uprooting and mulching of the green manures after 1/, to
2 months or alternatively, to seed the green manures about 1-2 months before the

cassava harvest and plant the next cassava crop after iricorporation of the green



manures in dricr areas. He also suggested growing and mulching of green manures
for increased cassava yields and control of weeds and soil erosion. The important
role of green manuring in supplying major and minor nutrients in addition to
increasing the nutrient availability and moisture holding capacity was reported by

Krishnamoorthy and Mathan (1995).
2.2.3.1 Effect on growth

Anilkumar and Sasidhar (1987) observed lower valnes of T,A% in eassava
when intercropped with cowpea. According to them, the smothering effect of
cowpea, raised as a green manure intercrop was evident in the form of yellowing of
the older leaves of cassava resulting in reduced leaf area duration and number of
functional leaves, thereby causing a reduction in leaf area index. However, such
significant differences in LAI were not observed after fifth month of cassava
planting, due to the absence of competition. Similarly, Balakrishnan and Thamburaj
(1993) reported a severe reduction in plant height of cassava, before the-fifth month,
in cassava intercropped with cowpea raised for green manure. However, they
recorded highest plant height of cassava when intercropped with blackgram and also

raised for green manure.
2.2.3.2 Effect on yield, yield attributes and quality

Chatterjee et al. (1979) reported higher tuber yield from cassava intercropped
with leguminous green manure crop due to the supplementary relationship that
existed between the main crop and the leguminous intercrop. Similar{y, Meerabai
et al. (1992) reported that cassava performed better undgr the intercropping system

with leguminous green manure crop than under monoculture. Kabeerthumma et al.



(1999) also observed that incorporation of cowpea in situ with P as super phosphate

produced tuber yields, on par wiih half dose of FYM 1n cassava.
2.3  BIOFERTILIZERS

The increasing demand for nitrogen in cassava production could be solved by
the enhancement and exploitation of biological nitrogen fixation. A shortage of
chemical nitrogen fertilizers and their rising costs have necessitated a deeper
understanding and application of using the natural and renewable hiological
resources to meet at least a part of the nitrogen requirement of the crops (Webber
et al., 1980). In the wake of high requirement of nitrogen for highei' yields, the
process of biological nitrogen fixation has come to the forefront. The nitrogen fixing
bacteria belonging to the genus, Azospirillum which grow in association with roots
of crop plants (Anonymous, 1981) have the potential to add nitrogen to the soil and
thus reducing the nitrogenous fertilizer requirement of crop plants. Howeler (1980)
reported that even a small fraction counted in a marginal crop like cassava where
application of inorganic commercial fertilizers was considered a luxury. Tilak
(1991) also opined that biofertilizers like Azospirillum can provide an economically
viable lever for realizing the ultimate goal of i 1ncreasmg productivity. However
'Motsara and Mann (1992) reported that biofertilizers would never be able to
substitute the requirement of chemical fertilizers and can only be considered as

complimentary and supplementary sources of plant nutrients.

2.3.1 Effect on growth

Bioinoculants like Azospirillum act as a supplement for N fertilizers and are

employed to enhance the growth of crops and reduce their mineral fertilizer



requirement. An increase in the growth parameters due to Azospirillum inoculation
have been reported in wheat, sorghum and Pearl millet (Kapulnik er al, 1981),
cotton  (Purushothaman and Gunasekaran, 1981) and sweet potato (Palanisamy,
1985). The promotive effect of Azospirillumb on plant height, stem girtfl, number of
leaves, leaf area index and dry matter production of cassava has also been reported
by Suchetha (1989). Further, Jadhav ef al. (1998) also reported highest dry weight of
vines of sweet potato cv. Narayangaon Local No. 1 on application of Azetobacter

and Azospirillum biofertilizers.

The reported increase in growth rate due to Azospirillum was ascribed to its
direct role in N fixation and also the production of phytohormones like indole acetic
acid, gibberllins and cytokinin like substances (Réynders and Viassak, 1979; Tien
et al., 1979, Govindan and Pufushothaman, 1984). This increase in growth
parameters was also attributed to the increased uptake of nutrients such as N, which
was made available by the activity of inoculated bacteria (Okon and Kapulnik, 1986;
Lin et al., 1983; Okon, 1982). According to Claypool (1936) and Childers (1966) the
absorbed nitrogen combining with carbohydrates synthesized by leaves through
increased photosynthetic activity might have led to the fomation of amino aéids,
proteins to build up of new tissues.

2.3.2 Effect on yield, yield attributes, quality and nutrient availabiiity
Kandaswamy et al. (1988) reported that joint inoculation of VAM and
Azospirillum significantly enhanced the shoot length and its dry weight and tuber

weight and starch content of cassava. Similary,considerable increase in tuber yield,

dry matter and starch content of cassava was also reported by Suchetha (1989) with



Azospirillum inoculation and application of nitrogen and micronutrients. Yassin
el al. (1994) also reported highest yields in sweet potato with root and soil
inoculation of Azospirillum supplemented with 26 kg N ha™. Further, combined
application of Azospirillum and phosphobacterium along with 100 per cent
recommended NPK was reported to result in increased starch content of potato
tubers (Mahendran and Chandramani, 1998). An increase in potato tuber yields was
also reported by Mahendran and Kumar (1998) wi‘th Azospirillum soil inoculation
and application of recommended NPK fertilizers. Similarly, Jha and Mishra (1999)
reported highest tuber yield in sweet potato, fertilized with 40 kg N ha’
supplemented with 10 kg Azospirillum ha as soil application, followed by 40 kg
N ha” supplemented with 2 kg Azospirillum ha” as vine dipping. The highest net
income and benefit : cost ratio were obtained with the treatment, 40 kg N ha’l

supplemented with 10 kg ha™ dzospirillum as soil application.

Karthikeyan (1981) reported higher post harvest available N status in the soil
due to Azospirillum inoculation in sorghum crop. Venkatachalam (1983) also
reported similar high nitrogen availability in soil at harvest owing to inoculation of

Azospirillum and application of N.
24 INTEGRATED NUTRIENT MANAGEMENT (INM)

The results of a large number of experiments on manures and fertilizers
conducted in the country revealed that neither the inorganic chemical fertilizers, nor
organic sources can alone achieve the production sustainability of soil as well as
crops under high intensive cropping systerhs. An integrated approach involving

organic manures, inorganic fertilizers and biological sources will therefore enhance



the building of soil fertility on a sustainable basis, since the system would supply
almost all the nutrients in a judicious way, besides increasing the nutrient use
efficiency and improving the soil ‘physico—chemical properties. The efficacy of
combined use of chemical fertilizers and organic manures has also been documented
by many workers (Madhumitadas et al., 1991; Mandal et al., 1992; Gupta et al.,
1992). The concept of integrated nutrient management was developed in this context
and is defined as the continuous improvement of soil productivity on long term bagis
through appropriate use of inorganic fertilizers and organic manures, inc}uding green
manures and their scientific management for optimum growth, yield and quaﬁty of
different crops and cropping systems in specific agro-ecological situations

(Palaniappan and Annadurai, 1999).
2.4.1 Effect on growth, yield, yield attributes, quality and nutrient uptake

Complimentary effect of FYM along with inorganic fertilizer was reported
by Mandal et al. (1973) who reported highest tuber yield in tapioca with 100 kg each
of N, P and K along with 12.5 t ha™of FYM. Badrova and Gavrilova (1973) found
that application of FYM at 40 t ha™' along with 60 kg ha™ each of N, P,, and K gave
highest tube_r yield in potato compared' with single application of NPK. Furthe;r,
Saraswat and Chettiar (1976) observed that FYM application substantially met the
nitrogen requirement in cassava crop. An yield of 32 t ha”! was recorded when 66.6
per cent of N was applied as FYM and the rest as calcium ammonium nitrate.
Mohankumar et al. (1976) also reported highest tuber yield of 27.1 tonnes/ﬁa with
100 kg each of N, P and K along with 12.5 tonnes/ha}of FYM. They further

observed that the effect of inorganic fertilizers and FYM on cassava tuber



production was additive. Mandal and Mazumdar (1980) also obtained the highest
potato tuber yield with the application of 90:80:70 kg NPK ha™ along with FYM
@ 15 tha™,

Guptha and Saxena (1981) reported that the nitrogen and phosphorus
application to potato increased the phosphorus accumulation in all parts at almost all
growth stages. Prasad et al. (1982) reported that the highest potassium content was
found in NPK + FYM treatment. The mean removal of notagsinm by siv crope of

potato was ranged from 16.4 to 225 kg ha™.

CTCRI (1983) reported that most of the cassava varieties were capable of
producing 30 tonnes fresh tubers per hectare under favourable conditions, removed
about ’180-200 Kg N, 15-22 Kg P and 140- 160 Kg K per hectare. Factors like
varietals variation, fertilizer application, water management and the cropping system
were reported to influence the nutrient uptake/ removal in cassava. Further, Grewal
and Treham (1984) reported a significant increase in the production of large
tubers with 80 kg P or 30 tonnes of FYM ha™'. The higher yield was mainly due
to improvement in tuber size. Sahota and Govindakrishnan (1984) repoﬁed that
economic optimpm aggregate and medium sized tuber yield in potato coﬁld be
obtained with 20 t FYM ha™ supplemented with 120 kg N +22.5 kg P ha™ (or) 60
kg N+17.2kgPha.

Nayar et al. (1986) reported 142 N - 23 P - 91 K nutrient removal (Kgs/ha)
by M - 4 cassava variety under rainfed conditions compared to 18§ N -24 P - 109 K
nutrient removal (Kgs/ha) under irrigated conditions. Further, 173 N - 25 P - 108 K

and 213 N - 29 P - 148 K nutrient removal (Kgs/ha) was reported for Sree Sahaya



variety, while Sree Visakham variety recorded 156 N - 22 P - 111 K and 225 N -
30 P-147 K nutrient removal (Kgs/ha) under rainfed and irrigated conditions,
respectively indicating the influence of cassava varieties and water management on
N, P and K nutrient removal/ uptake by cassava. The level of fertilizer application
was also reported to influence N, P and K uptake by cassava. Application of 50 N -
100 P- 50 K (kg/ ha) resulted in 117N -16 P-71 Kand 167N -23P-92 K (kg/ha)
nutrient removal under rainfed and irrigated cénditions,- respectively. Further, the
application of 150 N - 100 P - 150 K (Kg/ha) had resulted 170 N-26 P - 117K
and 224 N — 34 P — 149 K (kg/ha) nutrient removal, while application of 200 N —
100 P — 200 K (kg/ha) had resulted in 192 N -25P - 129K and 242 N -36 P - 166

K (kg/ha) nutrient removal under rainfed and irrigated conditions, respectively.

Ravindran and Balanambisan (1987) observed that under low land situation
the combination of FYM 10 t ha' and N, P and K @ 75, 50 and 75 kg ha’
respectively recorded a highest yield of 19.6 t ha™ in sweet potato. The studies of
Kabeerathumma et al. (1988) in a ten year trial on the effect of manures and
fertilizers on cassava tuber production also revealed highest tuber yield from

continuous application of FYM + NPK.

Nayar and Mohankumar (1989) reported that incorporation of haulms of
cowpea eliminated the need for application of farm yard manure to cassava and also
reduced the requirement of inorganic nitrogen by 50 per cent. Minhas (1994) found
that NPK uptake by all three crops in a sequence (potato, maize, potato) inﬁréased

with increase in NPK doses and FYM. Uptake of different nutrients was also



reported to be significantly higher with vermicompost than FYM (Srinivasareddy
and Umamahesh 1995).

Amanullahkhan (1997) investigated the influence of fertilizer levels,
intercropping and organic manures on the gﬁwvth and yield of cassava and reported
an increase in plant height, leaf area index, dry matter production, crop growth rate,
relative growth rate and net assimilation rate with the application of farm yard

manure @ 25 tons/ha, compared fo control (no manure)

Cadavid et al. (1998) envisaged that application of NPK fertilizer
significantly increased root and top biocmass and reduced HCN content.
Révindrababu (1999) observed that the uptake of N, P and K significantly increased
with increased vermicompost level in carrot and highest uptake was recorded in the

15 t ha™! vermicompost.

Sankar et al. (1999) suggested that apglication of FYM at 12.5 t ha™ + P at
30 kg ha™ resulted in increased plant height gem girth, root length, root girth and
starch content. Sheu et al. (2000) on the effectaf organic and inorganic fertilizers on
growth and yield of Dioscorea doryophoré revealed that the growth and yield
(23t ha™) were similar in both organic (gog manure @ 20 t ha') and inorémic
sources (NPK 147:144:120 kg ha™).

The long term fertilizer experiments @ cassava revealed that the balanced
application of NPK alone (32.8 and 34.2 perent) and along with FYM (33.2 and
33.5 per cent) resulted in the highest starcheontent in the initial and 13" year

respectively (Susan John et al. 2003).



Nayar et al. (2003) studied the response of cassava to Azospirillium and
Phosphobacierium bio-feriilizers 1n combination with chemical fertilizers and farm
yard manure. The results revealed that conjoint use of bio-feﬁlilizers with
recommended dose of farm yard manure, K, 50% N and P resulted in cassava tuber
yields on par with full recommended dose of farm yard manure and NPK suggesting
the possibility of reducing inorganic N and P dosage in cassava production.
Vasudevan et al. (2003) also reported that bio-fertilizers (A4zospirillium and
Phosphobacterium) applied along with NPK fertilizers helped the plants in
utilization of the applied inorganic nutrients more effectively, thereby reducing the
dose of inorganic N and P fertilizers in cassava production under rainfed conditions

of Salem district of Tamilnadu state in India.

' Nedunchezhiyan et al. (2004) reported that combination of 50 per cent of
inorganic N with any organic manure (FYM, poultry manure, pig manure) to supply
the remaining 50 per cent of recommended N, resulted in significantly higher vine
and tuber yields in rainfed sweet potato. Similérly, Jospesh and Abraham (2004)
indicated that application of 50 per cent of recommended NPK + 50 per cent of
recommended FYM recorded the maximum number of tubers per plant, tuber length, )

tuber girth and tuber yield of cassava.

Suja et al. (2005) observed that integrated use of biofertilizers (Azospirillium
and Phosphobacterium) with recommended dose of FYM and K and 50 per cent of
N and P produced tuber yield of cassava on par to recommended fertilizer dose

suggesting a possibility for reducing N and P fertilizer to 50 per cent. Further, they



reported favourable crop growth by enhanced tuber and whole plant biomass as well
as N, I and K uptake by the crop.

2.5 CORRELATION STUDIES

Ramanujam and Biradar (1987) reported a significant positive association of
various physiological parameters namely petiole length, specific leaf‘ weight, net
assimilation rate, crop growth rate, total biomass production with tuber yield of
- cassava. Similarly, Amanullahkhan (1997) had also reported a significant posifive
correlation between tuber yield and growth parameters like plant height, LAI and
dry matter production and yield attributing characters namely numbér of tubers per

plant; length and girth of cassava tubers.

Amarchandra and Tiwari (1987) noticed that there was a positive correlation
between tuber weight per plant, tuber girth and tuber yield. Chowdhury and Ravi
(1990) observed that the mean crop growth rate and net assimilation rate during the
crop growth period showed positive but non- significant correlation, where as mean
dry matter partitioning ratio revealed a significant positive correlation in sweet
potato. Further, Naskar et al. (1992) reported that a significant positive correlation
existed between the characters such as number tubers per plant, tuber girth, énd yield
of marketable tubers. Li (1965); Kamalam et al. (1977); Amarchandra and Tiwari
(1987) also observed high degree of positive association between number of tubers

per plant and tuber girth with the tuber yield of sweet potato.

Correlation studies by Jayatilake (2002) in onion reveled that a positive and
significant association of yield with plant height, number of leaves per plant, leaf

area index, total dry matter production, bulb weight and diameter and N uptake.



Chapter I1I

- Materials and Methods



CHAPTER Ili

MATERIALS AND METHODS

The present investigation on “Integrated nutrient management for cassava
(Manihot esculenta Crantz.)” was undertaken at Agricultural Research Station,
Peddapuram, East Godavari district of Andhra Pradesh during 2002-2003 and
2003-2004 and the materials and methods employed during the course of
LR EIONY Gl prOnCald biickdy i Ulis Llap.

3.1  LOCATION

The experimental site is located in upland areas of East Godavari district at
Agricultural Research Station, Peddapuram situated in the North Coastal Zone of
Andhra Pradesh at 82°03 East longitude, 17°4” North latitude and 30.48 m above

»

mean sea level.

3.2 WEATHER DURING CROP PERIOD

-

The weather parameters recorded during the crop growth period from
June’2002 to January’2003 and June’2003 to January’2004 are presented in
Annexure-I and depicted in Figs. 1 and 2. A total rainfall of 536 mm was rec’eived in
35 rainy days during 2002-2003, while a total rainfall of 1024.10 mm was received
in 50 rainy days during 2003-04, during the cropping period. The maximum
temperatures ranged from 29.6 to 35.6°% during 2002-03 and 29.1 to 38.2°c during
2003-04, while the minimum temperatures varied between 15.3 to 26.7°c during
2002-03 and 16.2 to 26.7°c during 2003-04. Furthef, the rela%i\;é humidity. fluctuated

between 70 to 93 per cent at 7.16 hr and 45 to 74 per cent at 14.00 hr during
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2002-03; and 83 to 94 per cent at 7.16 hr and 49 to 79 per cent at 14.00 hr during

2003-04.
3.3 SOIL

The experimental soils (field number 7 during 2002-03 and field number 8
during 2003-04) were well drained sandy loams, low in organic carbon and available
nitrogen; medium in available phosphorus and high in available potassium; and
possessing novimal (F and elecirical conductivity Vhiysico-chemieal characteristics

of the experimental soils are presented below:

5N

Physico-chemical characteristic F.No.7 F.No.8 Method adopted

Organic carbon (%) 0.28 0.34 Walkey and Black (1934)
pH (1:2 solution) 6.4 6.8 Jackson (1973)

EC (m.mhos/cm) 0.24 0.32 Jackson (1973)

Available Nitrogen (kg/ha) 220.5 224.2 Subbaiah and Asija (1956)
Available Phosphorus (kg/ha) 24.52 26.16 Olsen et al. (1954)
Available Potassium (kg/ha) 346.34 350.18 Jackson (1973)

Texture . Sandy loam Sandy loam  Piper (1960)

3.4. SEASON

The two field experiments were conducted during Kharif 2002-03 and Kharif -

2003-04. Planting of setts in the nursery was taken up during the first week of June
during 2002 and 2003. Fufther, planting of the sprouted setts in main field was
affected one week after planting in the nursery for both rainfed and irrigated
situations to coincide with normal planting season of cassava under local agro-
climatic conditions of Peddapuram. Harvest of the crop was affected seven months
after planting in the main field during the second fortnight of January 2002 and

2003, respectively.



3.5 EXPERIMENTAL DETAILS

3.5.1 Variety

Sree Prakash (S-856), a short duration (7 months), dwarf and non-branching
- variety with good leaf retention and tuber cooking quality, which is very popular

among farming community, was selected for the present investigation.

3.5.2 Layout

Torsvioy ovmen o AT i SN e men o ey s [ P T) Nl B AU B A AN
FEooNOalst Do (AnDA0 ) WS TOIsCO T T TR0 ONDerinentan Leids wWithou

any fertilizer application before laying out the field experiments during both years of
study to obtain correct response of crop to applied nutrient treatments. The
experiments consisting of 13 treatments were laid out in randqmized block design
with three replications under both rainfed and irrigated situations. Details of the

treatments are present below:

T1: Recommended dose of inorganic fertilizers (RDF) (60:60:60. kg NPK/ha for
- rainfed and 100:100:100 kg NPK/ha for irrigated situation)

T2: RDF+FYM

T3: RDF+FYM+Azospirillum

T4: 2/3 RDF+FYM+Azospirillum

T5: 172 RDF+FYM+Azospirillum

T6: RDIF+Vermicompost

T7: RDF+VermicomposttAzospirillum

T8: 2/3 RDF+Vermicompost+Azospirillum

T9: 1/2 RDF+Vermicompostt+Azospirillum

T10: RDF+Green manuring with cowpea

T11: RDF+ Green manuring with cowpea+Azospirillum

T12: 2/3 RDF+ Green manuring with cowpeatAzospirillum

T13: 1/2 RDF+ Green manuring with cowpea+Azospirillum



£0 -z00z Buunp pjay jepuswiadxa ay} Jo ueld noAe

wg'g X wig'y : azis joid JoN wg'y X Wwy'g : azis jo|d ssolo ¢ : suonedjjdey agy : ubBisaq

| €d
cd
1o

._.Zm_s:m_mn_xm Qm._.<0_m~=
AN Si 6L Ll 14 A oLl il Ll L €L 81 | 9l vl ed
6l €Ll Ll 91 cll 8L oLL SL Ll vl (AR gL L ¢d
1A% gL 8L cl 6L | 9l Lil oLl gLl il bl SL Ll 2=

INIINNIdX3 a34NIVY




The above 13 treatments were imposed both under rainfed and irrigated
situations during both years of study. Irrigations were not given for the experiment
under rainfed situation. However, irrigations were given under irrigated situation as

and when 50 per cent moisture depletion was recorded on the basis of gravimetric

method.

Moisture in the soil was determined using gypsum blocks and the level was
calculated at 15 c¢cm soil depth. Available soil moisture content was obtained from
the moisture content at field capacity, determined a day after irrigation, while
permanent wilting point was obtained from moisture content studies of the field on
withering of the test plant (sunflower). Further, the soil moisture content was
measured on alternate days on gravimetric method for determining 50 per cent of

available soil moisture content and scheduling the irrigations to the irrigated

experiment.

In the present investigation, field capacity of the experimental plot at 15 cm
soil depth was 24.57 per cent during 2002-03 and 26.82 per cent during 2003-04,
while the moisture content at permanent wilting point was 8.62 per cent during
2002-03 and 7.14 during 2003-04. Therefore, irrigations were given as and When the
soil moisture reached 7.98 per cent during 2002-03 and 9.34 per cent during 2003-04

i.c., 50 per cent of available soil moisture (15.95% and 18.68%, respectively).

The manures and fertilizers were applied as per the above treatment
combinations. The entire dose of P,0s (60 kg/ha under rainfed and 100 kg/ha under
irrigated situation) was applied as basal in the form of single super phosphate @ 375

kg/ha under rainfed and 625 kg/ha under irrigated condition, while nitrogen
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(60 kg/ha under rainfed and 100 kg/ha under irrigated situation) and potassium
(60 kg/ha under rainfed and 100 kg/ha for irrigated situation) were applied as Urea
@ 130 kg/ha under rainfed and 217 kg/ha for irrigated situatiqn; and muriate of
potash @ 100 kg/ha under rainfed and 167 kg/ha under irrigated situation,
respectively in three splits as top dressing at 30, 60 and 90 days after planting
around the plant at 10 cm distance in a circular ring of 5 cm depth followed by

earthing up of the soil.

Farm yard manure and vermicompost were applied @ 12.5 tonnes/ha and
5 tonnes/ha, respectively one week before planting and Were\ thoroughly
incorporated into the soil, while cowpea (green manure crop) was sown @ 50 kg/ha
at the time of planting of cassava and was incorporated @ 15 tonnes/ha at 50
per cént flowering. Further, Azospirillum was applied in the plots as per the
treatments and thoroughly incorporated before planting of cassava settlings. The
nutrient contents (dry weight basis) of FYM, Vermicompost and green manure crop

(cowpea) used in the present investigation are given below.

‘ Nutrient content(%) and quantity added (Kg/ha)
Particulars N P K

.
W

2002-03 | 2003-04 | 2002-03 | 2003-04 | 2002-03 | 2003-04
FYM 0.41 0.46 0.30 0.26 | 0.40 0.42

—

Quantity added to soil | 5125 | 5750 | 37.50 | 32.50 | 50.00 | 52.50°

Vermicompost 1.47 1.51 1.24 1.21 1.58 1.60

Quantity added to soil | 73.50 75.50 62.00 60.50 79.00 80.00

Greenmanure(cowpea) | 0.58 0.54 0.18 0.15 0.58 0.60

Quantity added to soil | 23.20 21.60 7.20 6.00 123.20 24.00
L\ya ed to soi \



3.6 CULTIVATION

3.6.1 Nursery

-Well matured, healthy and disease free stems of previous season of
Sree Prakash (S-856) variety were used as planting material (Plate 1) for the
experiments. The bottom (5 to 10 cm) and top 1/3" portion of the stems was
discarded and the remaining part was cut into setts of 20 cm length. These setts were
treated in a solution of 3 g Dithane M-45 + 2 ml of Nimethoate per liter of water for
five minutes before planting in the nursery at 5 x 5 cm spacing on a raised nursery
bed. The nursery beds were watered regularly and one week o}d uniform healthy

sprouted settlings were selected for planting.
3.6.2 Main field preparation

The land was thoroughly ploughed to a depth of 30 ¢cm and brought to good
tilth and the plots were laid out as per the layout plan. Plantings were then affected
in the plots with the young healthy sprouted settlings obtained from the nursery at a

spacing of 90 x 90 cm and 5 ¢cm depth.

3.6.3 After care

Gap filling was taken up one week after planting to ensure optimum plant
population in each plot. The removal of excess shoots was done on 15" day after
planting and retained two healthy opposite shoots per plant. Further, hand weeding
in the experimental plots was taken up on 30, 60 and 90 days after planting and the
plots were kept weed free. Prophylactic plant protection measures were adopted in
the experimental plots against the important pests like red spider mite and diseases

like cassava mosaic virus. -



~

 General view of irrigated experiment

s

L Plate 1. Planting material, nursery and general view of experimental plots




3.6.4 Irrigation

Irrigations were not given for rainfed experiments conducted during Kharif
2002-03 and Kharif 2003-04. However, based on 50 per cent depletion of available
soil moisture, eight irrigations during Kharif 2002-03 and four irrigations during

Kharif 2003-04 were given as detailed below for the irrigated experiments.

Season Irrigation number Date of irrigation Crop stage

Kb i 0U1.G7.2002 L6 DAT

2002-03 2 15.07.2002 30 DAT
3 31.07.2002 ' 45 DAT
4 01.10.2002 106 DAT
5 01.11.2002 137 DAT
6 18.11.2002 154 DAT
7 06.12.2002 172 DAT
8 22.12.2002 188 DAT

Kharif

2003-04
1 20.10.2003 - 136DAT
2 05.11.2003 152 DAT
3 22.11.2003 ‘ 169 DAT
4 08.12.2003 185 DAT

3.6.5 Harvest

The plants were harvested from net plot area of each experimental plot in
each season by pulling out carefully after seven months from the date of planting in
the main field. Further, fresh weights of leaf, stem and tubers were recorded at the

time of harvest.
3.7 OBSERVATIONS

The following observations were recorded on five randomly selected labeled

plants from the net plot in each treatment in each replication.



. 371 Morphological parameters

3.7.1.1 Plant height
Height of the plant was measured in centimeters form base of the stem to tip
of the growing point with scale.

3.7.1.2 Stem thickness (Girth)

Girth of the stem was measured with tape at base of the plant above ground

level and expressed in centimetors

3.7.1.3 Number of nodes

Nodes present on both the stems of each plant were taken into consideration

and their total was recorded as number of nodes per plant.
3.7.1.4 Number of leaves

The total number of leaves present in a plant were counted and recorded.
3.7.1.5 Dry matter production

Two plants at random outside the net plot area were carefully dugout with
roots at 30, 60, 90, 120, 150,180 and 210 days after planting and the leaves, stems
and tuberous roots were separated andiair dried. Their weights were recorded after

drying in oven at 70°c for 72 hours and the mean dry weight of samples was

recorded and expressed in t/ha.

3.7.2 Growth analysis parameters

3.72.1  Leaf area (LA)

The length and breadth of middle lobe for top, middle and bottom leaves in a

plant were recorded at its widest point along with the number of lobes per leaf and



total number of intact green leaves and the leaf area per plant was computed
adopting the linear measurement procedure suggested by Ramanujam and Indira

(1978). Further, the reéults were expressed in cm’.
3.7.2.2  Leaf area Index (LAI)

Leaf area index was calculated adopting the formula suggested by Williams

(1946) as follows.

Ground area occupied by plant.

3.7.2.3  Net assimilation rate (NAR)

The NAR was calculated using the formula suggested by Williams (1946)

and expressed in g m™day™.
Wz-Wl In Lz-II’l L1
PN S —— G ——
-1 Ly~ Ly

Where, W, and W, are whole plant dry weights (g) at times t; and t,,

respectively.
In L,and In L, are natural log values of leaf areas at times t; and t, respectively.

L, and L, are leaf area in m? at time t, and t,, respectively

and t, and t, are the initial and final days of observation.

3724  Crop growth rate (CGR)

Crop growth rate was calculated using the formula suggested by Buttery

(1970) and expressed as g m>day.

W, - W, 1
CGR = werememee X
-1 P




Where W, and W, are the initial and final dry weight of whole plant at the
time t; and t, respectively, t; and t, are the initial and final days of observation and
P is land area.

3.7.2.5 Shoot/roor ratio

Fresh weight of shoot and its tuberous root was recorded and their ratio was

computed and exnressed as chaot/root ratio

\\\\\

3.7.3  Yield parameters

3.7.3.1 Tuber length

The length of storage tubers of five plants was measured and the mean was

expressed in centimeter.
3.7.3.2 Tuber diameter

The maximum diameter of cassava tubers was measured for ten tubers using
verniercalipers at random and the average was expressed as tuber diameter in
centimeter.
3.7.3.3 Fresh to dry weight of tubers

Fresh to dry weight of tubers was estimated by taking 100 g of uniform size
fresh tuber cut into small chips. Chips were air dried and then oven dried at 60°C till '

constant weight was obtained and their weight were recorded and expressed in

percentage.
3.7.3.4 Number of Tubers per plant

The number of storage tubers of five plants of cassava were counted and the

Mean was expressed as number of tubers per plant.



3.7.3.5  Tuber weight per plant

The mean weight of fresh tubers from five selected plants was recorded in

kilograms.
3.7.3.6  Tuber yield per hectare

Yield of fresh tubers harvested {rom the net plot area was assessed and

expressed in tonnes/ha.

A R N S T S

Sodaa Juanly parameters
3.7.4.1  Starch content

The procedure suggested by Mc Cready et al. (1950) was followed for the
estimation of starch. One gram of the fresh tuber sample was ground in a pestle and
mortar with 10 ml of 80 per cent-ethanol and was kept aside for an hour. Later it was
centrifuged at 3000 rpm for 15 minutes and the supernatant liquid Was discarded and
the residue was extracted thrice with 80 per cent ethanol and treated with 10 ml of
62 per cent perchloric acid for two hours. The content was then filtered and made up
to 50 ml with distilled water. From this an aliquot of 0.2 ml was pipetted out into
a test tube to which 4 ml of freshly prepared 0.1 per cent anthrone reagent (200 mg
dissolved in 200 ml of concentrated sulphuric acid) was added slowly. It was kept in
the ice bath for five minutes and the content was later shaken well and brought to
room temperature; followed by immersion in warm water bath for ten minutes and
cooling in tap water. The development of green colour was measured in
spectrometer at 640 nm and the amount of sugars present was worked out from the
standard graph prepared by plotting the absorbance to the corresponding known

concentration of glucose. The results were expressed as percentage.



3.7.4.2  Hydrocyanin (HCN) content

The hydrocyanin content in tuber was estimated by the method described by

Indira and Sinha (1969) and expressed as ug/g.
3.7.4.3 Crude fibre percentage

The percentage of crude fibre was estimated by the AOAC method (1975)

and expressed as percentage on dry weight basis.
30044 Dasking guadily

Cooking quality was studied in terms of cooking time. The freshly harvested
clean cassava tubers of uniform size and approximately of same weight were
deskinned and the deskinned tubers were cut and dropped in boiling distilled water.
Time of cooking was noted when the tuber pieces achieved transparent cooked
appearance and when no more opaque starchy matter existed in the tuber pieces.

Amount of water, type of water, type and size of vessels required were standardized

before the investigative material was used.
3.7.5 Nutrient uptake

The whole plant samples collected to record the dry weights at harvest were -
separated into leaf, stem and tubers. These samples were ground into fine powder
and were used to determine the nutrient contents (N, P and K). Nitrogen content was
estimated using modified micro-kjeldahl method (AOAC, 1960), while phosphorous
content was estimated by Venado molybdo phosphoric yellow colour method,
suggested by Jackson (1967). Potassium was determined by flame photometer

method as per the procedure given by AOAC (1975).



3.7.6 Economics

Gross and net returns/ha were computed considering the current market price
of inputs and produce. Benefit cost ratio was worked out for different treatments by

dividing the gross returns by cost of cultivation.
3.7.7 Statistical analysis

The data on various characters studied during the course of investigation was
statistiontte annbered D ner e procedures Guilincs oy Panse and Sokiarme (1978)
Critical differences were worked out at five per cent probability level, provided the
treatment differences were found significant in the ‘F’ test and if the treatments were
observed non-significant in the ‘F’ test, the symbol NS’ was indicated. Correlation
studies were determined for yield and its attributing characters. The test of

significance of correlation was carried out by referring to the tables of Fisher and

Yates (1963).
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CHAPTER IV

RESULTS

Cassava (Manihot esculenta Crantz) has its importance in tropical agriculture
due to its drought tolerance, wide flexibility to adverse soil, nutrient management
conditions and time of harvest. The crop is grown in sandy loams with inherent low
fertility under uncertain rains as well as under irrigated conditions, wherever bore
district in Andhra Pradesh. Supply of nutrients to the long duration crop like cassava
and enrichment of the soil nutrient status are iniportant issues in cassava production.
However, systematic studies on the response of cassava to nutrient application under
rainfed and irrigated conditions are lacking, in spite of considerable area to an extent
of 21,500 hectares being under the crop in Andhra Pradesh. In this context, the
present investigation “Integrated nutrient management for cassava” was\ undertaken.
The experiments were conducted separately under rainfed and irrigated éonditions
for two years during 2002-03 and 2003-04 and data on several aspects of cassava
plant growth and development were recorded and subjected to statistical analysis.

The results of these experiments are presented hereunder.

4.1 RAINFED EXPERIMENT

Results of the studies on effect of integrated nutrient management in
cassava with regard to growth, yield, quality, nutrient uptake and economics of
cultivation under rainfed conditions during 2002-03 and 2003-04 are presented in

Tables 1 to 17.
ANGRAU Central Library

Hyderabad
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4.1.1 Plant height

The results are presented in Table 1. An increase in plant height was
observed from 21.80 cm to 104.02 cm during 2002-03; and from 22.18 to 122.86 cm
during 2003-04 with an increase in the crop age from 30 DAP to 210 DAP. Further,
greater plant height was in general observed at all the crop growth stages studied
during 2003-04, compared to 2002-03.

The application of farm yard manwe verawompost, green manuie and thc
bio-fertilizer, Azosprillum in combination with full, 2/3 and Y2 dose of recomménded
NPK inorganic fertilizers did not exhibit any signiﬁcant effect on plant height at 30
DAP and the treatments studied were observed to be on a par with each other;
However, significant differences were noticed among the treatments for plant height

at all other growth stages studied during both the years of investigation.

At 60 DAP, T7 had recorded highest plant height during both the years of
study 2002-03 (41.97 ¢cm) and 2003-04 (47.43 cm). The treatments, T6 (39.23 cm)
and T8 (38.37 cm) during 2002-03; and T3 (44.81 cm), T4 (41.b3 cm), T6
(42.03 cm) and T8 (45.07 cm) during 2003-04 were observed to be statistically on a
.par with the T7 treatment. Further, lowest plant height was recorded for T13
treatment during both the years of study (31.90 cm during 2002-03 and 32.27 cm
during 2003-04).

During 2002-03, significantly greater plant height was recorded by T7
treatment (68.82 cm) at 90 DAP compared to other treatments, while TI13
(43.52 cm), T1 (45.87 cm) and T10 (48.77 cm) treatments had recorded.lowest plant

height. During 2003-04 also, T7 treatment had recorded highest plant height
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(83.62 cm) and the treatments, T11 (76.70 cm) and T3 (76.37 cm) were observed to
be statistically on a par with theT7 treatment. Lowest plant height was recorded for
T1 treatment (56.17 cm) during the year 2003-04. Further, T13 treatmenf had
recorded plant height (63.40 cm) statistically on a par with T1 treatment during

2003-04.

At 120 days after planting, T7 treatment had recorded highest plant height

during both 200202 (9290 cm) and 20070 04 (176 37 cuy years Further, ©¢
treatment (88.87 cm) during 2002-03; and T3 (120.07 cm) and T8 (121.09 cm)
treatments during 2003-04 had recorded the plant height which were on a par with

T7 treatment. In contrast, T1 treatment had recorded lowest plant height during both

the years of study 2002-03 (76.17 cm) and 2003-04 (89.34 cm).

At 150 DAP also; T7 had recorded highest plant height during both 2002-03
(106.97 cm) and 2003-04 (130.47 cm). The treatments, T8 (104.08 cm) during
2002-03; and T3 (125.12 cm), T6 (122.89 cm) and T8 (126.86 cm) during 2003-04
had recorded plant height on a par with T7 treatment. Further, lowest plant height
was recorded by T13 treatment during both the years 2002-03 (82.68 cm) aqd

2003-04 (93.51 cm).

At 180 DAP, significantly greater plant height was recorded by T7 treatment
Qa 13.71 cm) during 2002-03, compared to other treatments, while lowest plant
height was recorded by T1 treatment (87.96 cm). During 2003-04 also, T7 treatment
had recorded highest plant height (136.38 cm) and was observed to be on a par with
T3 (129.79 ¢m) and T8 (130.68 c¢m) treatments. Further, T1 treatment had recorded

lowest plant height (95.44 om) during 2003-04.



At 210 DAP, highest plant height was recorded by T7 treatment (117.71 and
141.98 cm), while lowest plant height was recorded by T1 treatment (92.23 and
97.94 cm) during both 2002-03 and 2003-04, respectively. Further, the treatments,
T6 (113.63 cm) and T8 (115.31 cm) during 2002-03; and T3 (135.87 ¢cm) and T8
(136.13 cm) during 2003-04 have recorded plant height which were on a;par with T7
treatment.

The results are presented in Table 2. An increase in stem girth from 2.58 to
7.38 ¢cm during 2002-03; and from 2.38 to 7.85 cm dﬁring 2003-04 was observed in
the present investigation with an increase in the crop age from 30 DAP to
210 DAP. Further, greater stem girth was in general noticed during 2003-04,

compared to 2002-03 at 60, 90, 120 and 210 DAP.

The application of farm yard manure, vermicompost, green manure and bio-
fertilizer, Azosprillum in combination with different doses of recommended NPK
inorganic fertilizers was observed to result in non-significant effect on stem girth at
30, 60, and 90 DAP during both 2002-03 and 2003-04. However, significant
différences were noticed among the treatments for stem girth at 120, 150, 180 and
210 DAP during both the years of investigation.

At 120 DAP; highest stem girth was recorded by T7 treatment, (6.55 cm and
7.27 cm), while lowest was recorded by T1 treatment (4.63 cm and 5.10 cm) during
both 2002-03 and 2003-04, respectively. Further, the treatments T6 (5.96 cm), T8

(6.13 cm) and T9 (6.04 cm) during 2002-03; T2 (6.03 cm), T3 (6.70 cm), T4
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(6.43 cm), T6 (6.88 cm), T8 (7.04 cm), T9 (6.73 cm), T11 (6.07 cm) and T12

(6.03 cm) during 2003-04 had recorded stem girth on a par with T7 treatment.

Highest stem girth at 150 DAP was recorded by T7 treatment (7.90 ¢cm and
7.54 cm), while lowest was recorded by T1 treatment (5.53 cm and 5.27 c¢m) during
both 2002-03 and 2003-04, respectively. Further, the treatments T3 (7.07 c¢cm), T6
(7.37 cm), T8 (7.77 cm), T9 (7.10 cm), T11 (7.20 cm) and T12 (7.23 cm) during
2002-03; and T3 (7.28 cm), T4 (6.73 ecm) T6 (730 ecm) T2 (743 em), TO (7.24 e
and T11 (6.63 cm) during 2003-04 had recorded stem girth which were on a par with

T7 treatment.

At 180 DAP, highest stem girth was recorded by T7 (8.11 cm) and T6 (7.57
cm) treatments, while lowest stem girth was recorded by T1 (6.17 cm), T2 (6.50 cm)
and T13 (6.32 c¢m) treatments during 2002-03. Further, the treatment T7 (8.31 cm)
had also recorded highest stem girth during 2003-04 and was statistically on a par
with the stem girth recorded by T3 (7.93 c¢m), T4 (7.57 cm), T6 (8.18 cm), T8

(8.27 cm) and T9 (7.86 cm) treatments.

Highest stem girth at 210 DAP was also recorded by T7 treatment during
both 2002-03 (8.50 cm) and 2003-04 (8.53 cm). Further, it was observed to be on a
par with the stem girth recorded by T6 (8.17 cm) and T8 (8.20 cm) treatments during
2002-03; and T3 (8.28 cm), T4 (8.17 cm), TS5 (7.85 cm), T6 (8.25 cm), T8
(8.40 cm), T9 (8.10 cm) and T11 (7.89 cm) treatments during 2003-04. Lowest stem
girth was however, recorded by T1 treatment during 2002-03 (6.40 cm) and 2003-04

(6.83 cm).



4.1.3 Number of nodes

ihe results are presented in Table 3. Number of nodes was noticed to
increase form 21.69 to 106.37 during 2002-03 and from 22.76 to 127.03 during
2003-04 with an increase in the crop age from 30 to 210 DAP. Further, greater
number of nodes per plant were in general observed during 2003-04, compared to

2002-03 at the different growth stages studied, except at 60 DAP.

The INM treatments imposed in the present investipation did not exhibit any
significant influence on the number of nodes per plant at 30 DAP during 2002-03
and 2003-04. However, significant differences were observed among the treatments

at 60, 90, 120, 150 and 210 DAP during both the years of investigation.

At 60 DAP; highest number of nodes per plant was recorded by T7 treatment
(48.57 and 49.80), while lowest was noticed by T13 treatment (38.00 and 32.97)
during 2002-03 and 2003-04, respectively. Further, the treatments, T3 (46.97), T6
(45.93), T8 (46.10) and T9 (45.50) during 2002-03; and T3 (45.17), T6 (46.37) and
T8 (47.73) during 2003-04 were observed to be on a par with the best treatment
(T7).

At 90 DAP; the highest number of nodes per plant was recorded By T77
treatment (76.47), while lowest was recorded by T13 treatment (52.30) during
2002-03. However, T6 (71.70) and T8 (71.51) treatments were found to be on a par
with T7 treatment. During 2003-04 also, T7 treatment had recorded highest number
of nodes per plant (100.42) and was found to be on a par with T8 (98.22), while

lowest number of nodes was recorded for T1 treatment (65.98) during the year.
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At 120 DAP, highest number of nodes per plant was recorded for T7
treatment (96.89 and 132.51), while lowest number was recorded by T1 treatment
(81.41 and 92.80) during 2002-03 and 2003-04, respectively, Further, the treatments,
T6 (92.33) and T8 (92.77) during 2002-03; and T8 (126.09) during 2003-04 were

found to be on a par with T7 treatment.

At 150 DAP; highest number of nodes per plant was recorded by T7
treatment for both 2002-03 (115.16) and 2003-04 (136.79). while lowest was
recorded for T13 treatment (85.04) during 2002-03; and T1 treatment (96.13) during
2003-04. Further, the treatments T3 (129.44) and T8 (132.24) were found to be

statistically on a par with T7 treatment during 2003-04.

Highest number of nodes per plant was recorded by T7 treatment at 180
(115.66 and 142.57, respectively) and 210 (120.76 and 145.22, respectively) DAP
for both 2002-03 and 2003-04 years of investigation, while lowest number of nodes
was recorded by T1 treatment at 180 (91.56 and 98.85, respectively) and 210 (94.05
and 102.56, respectively) DAP for both 2002-03 and 2003-04. Further, the
treatment T8 at 180 DAP (136.47); and T3 (139.69) and T8 (140.04) at 210 DAP

were found to be on a par with T7 treatment during 2003-04.

4.1.4 Number of leaves

Results on the effect of INM treatments on number of leaves \per plant at
different growth stages are presented in Table 4. The number of leaves were
observed to increase from 21.02 to 84.93 during 2002-03 and from 21.66 to 99.44
during 2003-04 with an increase in the crop age from 30 to 150 DAP. The decrease

in the leaf number was observed from 76.51 to 67.57 during 2002-03, and from
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83.41 to 67.93 ciuﬂringr 2003-04 with an increase in the crop age from 180 to 210
DAP. Further, gieaier number of leaves per plant were in general noticed during
2003-04, compared to 2002-03 at all the growth stages studied.

The INM treatments effected in the present investigation were observed to be
non-significant with regards to their influence on number of leaves per plant at
30 DAP during 2002-03 and 2003-04. However, a significant influence Qf the

treatments was obsetrved at all other growth stages studied.

At 60 DAP, T7 treatment had recoded highest number of leaves pér plant
during 2002-03 (37.02) and 2003-04 (41.10). The treatments, T3 (32.37), T4
(32.33), T6 (33.83), T8 (35.08) and T9 (33.04) during 2002-03; and T3 (40.27), T4
(35.93), T6 (35.67) and T8 (37.43) during 2003-04 have also recorded number of
leaves per plant on a par with T7 treatment. However, T10 during 2002-03 (27.55)

and T13 during 2003-04 (26.53) had recorded lowest number of leaves per plant.

At 90 DAP, T7 treatment had recorded highest number of leaves per‘plant
during both 2002-03 (54.77) and 2003-04 (73.83). The treatment, T6 (52.73) during
2002-03 and T8 (67.63) during 2003-04 have also recorded number of leaves per
plant on a par with T7 treatment. Further, lowest number of leaves per plant was

recorded by T13 treatment (39.43) during 2002-03 and T1 treatment (48.10) during

2003-04.

The treatment, T7 had also recorded highest number of leaves per plant at
120 DAP during both 2002-03 (72.13) and 2003-04 (111.06). Further, the

treatments, T3 (67.83) and T6 (70.08) were observed to be on a par with T7



treatment during 2002-03. Lowest number of leaves per plant was recorded by the
treatment T9 (56.67) during 2002-03 and T'1 (/4.39) during 2003-04.

At 150 DAP also, T7 treatment had recorded highest number of leaves per
plant during 2002-03 (92.85) and 2003-04 (120.05). The treatments, T3 (91.55), T4
(90.33) and T8 (89.51) during 2002-03 have also recorded number of leaves per
plant on a par with T7 treatment. Further, lowest leaves per plant were recorded by
T1 treatment during both 2002-03 (74.21) and 2003-04 (82.70).

T7 treatment had also recorded highest number of leaves per plant at 180
DAP during 2002-03 (87.80) and 2003-04 (99.06). Further, the treatmenté, T3
(85.91) and T8 (83.68) during 2002-03; and T8 (93.46) during 2003-04 have
recorded number of leaves per plant on a par with T7 treatment. Lowest number of

leaves per plant was recorded by T1 treatment during both 2002-03 (54.75) and
2003-04 (58.24).

At 210 DAP, T7 treatment had recorded highest number of leaves per plant
during 2002-03 (79.87) and 2003-04 (81.80). Further, T8 treatment had recorded
number of leaves on a par with T7 treatment during both 2002-03 (75.09) aﬁd 2003f
04 (76.94). Lowest number of leaves per plant was recorded by T1 treatment during
both 2002-03 (43.69) and 2003-04 (49.41).

4.15 Teafarea

The results are presented in Table 5. An increase in leaf area plant (cm?) with
increase in the crop age was observed up to 150 days after planting during both
Years of investigation. However, at later growth stages, leaf area decreased with an

Increase in the crop age. Further, greater leaf area was in general observed during
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2003-04, compared to 2002-03 at all the growth stages studied, except at 210 DAP.
The application of INM treatments was also observed to exert a significant influence

on the leaf area per plant at all the growth stages studied.

Among the treatments, T7 had consistently recorded highest leaf area/plant at
all the growth stages during 2002-03 (1427 cm?®at 30 DAP, 2556 cm® at 60 DAP,
9614 cm® at 90 DAP, 11765 cm? at 120 DAP, 13526 cm? at 150 DAP,13214 cm?
at 180 DAP and 13052 cm? at 210 DAP) and 2003-04 (1459 cm?* at 30 DAP, 4184
cm’ at 60 DAP, 11887 cm” at 90 DAP, 18147 cm” at 120 DAP, 22627 cm’ at 150
DAP, 15302 cm’ at 180 DAP and 13357 cm? at 210 DAP ), with the exception of
150 DAP during 2002-03, where in T3 treatment had recorded highest leaf area per
plant (13725 cm?). The treatments, T6 (2382 cm?) and T8 (2481 cm?) :':lt 60 DAP;
T6 (9413 cm?) at 90 DAP; T4 (13560 cm?), T6 (13409 cm?), T7 (13526 cm?) and
T8 (13558 cm?) at 150 DAP; T3 (12606 cm?), T4 (12478 cm®) and T8 (12089 cm?)
at 180 DAP; and T8 (12991 cm?) at 210 DAP had recorded leaf area per plant on a
par with T7 treatment during 2002-03; while T3 (1319 cm?), T4 (1310 cm?®), T6
(1357 cm®) and T8 (1380 cm”) at 30 DAP; T3 (11157 cm®) and T8 (11195 cm’) at
90 DAP; T3 (17017 cm?) at 120 DAP; T8 (15080 cm?) at 180 DAP; and T3
(12009 cm*) and T8 (12065 cm?) at 210 DAP had recorded lea area on a par with
the best treatment during 2003-04. However, lowest leaf area was recorded by T13
treatment at 30, 60 and 90 DAP during 2002-03 (888 cm?, 1674 cm®and 6092 cm?,
respectively) and 2003-04 (817 cm? 1621 cm® and 6526 cm?, respectively), while

T1 treatment had recorded lowest leaf area per plant at 120, 150, 180 and 210 DAP



v

during 2002-03 (7646 cm’, 9438 cm?, 7666 cm® and 6003 cm’, respectively) and

2003-04 (9851 cm?, 12431 cm?, 8404 cm? and 5614 cm?, respectively).
4.1.6 Leaf area index

The experimental results are presented in Table 6. An increase in leaf area
index was observed with an increase in the crop age up to 150 DAP. However, at
later stages of the crop growth (180 and 210 DAP) a decrease in the leaf area index
was noticed with increase in the crop age due o senescence nfteaves Torther, loal
area index was in general observed to be higher during 2003-04, compared to

2002-03 at different growth stages studied, with the exception of leaf area index at

210 DAP.

The application of various INM treatments was noticed to result in a
significant influence on leaf area index per plant at all the crop growth stages
studied. T7 treatment had recorded highest leaf area index at 30 (0.176); 60 (0.316),
90 (1.190), 120 (1.450), 150 (1.670), 180 (1.630) and 210 (1.610) DAP during
2002-03; and 30 (0.180), 60 (0.517), 90 (1.470), 120 (2.240), 150 (2.790), 180
(1.890) and 210 (1.650) DAP during 2003-04, while T3 treatment (1.690) had
recorded highest leaf area index at 150 DAP during 2002-03. Further, the treatments
T8 (0.161) at 30 DAP; T6 (0.294) and T8 (0.306) at 60 DAP; T6 (1.160) at 90
DAP; T4 (1.670), T6 (1.660), T7 (1.670) and T8 (1.670) at 150 DAP; T3 (1.560),
T4 (1.540), and T8 (1.490) at 180 DAP; and T8 (1.600) at 210 DAP during 2002-
03; and T3 (0.163), T4 (0.162), T6 (0.168) and T8 (0.170) at 30 DAP; T3 (1.380)
and T8 (1.380) at 90 DAP; T3 (2.100) at 120 DAP; T8 (1.860) at 180 DAP; and

13 (1.480) and T8 (1.490) at 210 DAP during 2003-04 had recorded leaf area index
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on a par with T7 treatment. However, lowest leaf area index was recorded by T13
treatment at 30 (0.110 and 0.101), 60 (0.207 and 0.200), and 90 (0.752 and 0.806)
DAP during 2002-03 and 2003-04, respectively; while T1 treatment had recorded
lowesf leaf area index at 120 (0.944 and 1.220), 150 (1.160 and 1.540), 180 (0.947
and 1.040) and 210 (0.741 and 0.693) DAP during 2002-03 and 2003-04,

respectively.

4.1.77 Total dry matter nrodnction

The results are presented in Table 7. An increase in total’ dry matter
production was observed with an increase in the crop age. Further, total dry matter
production was noticed to be higher during 2003-04, compared to 2002-03 at all the
growth stages. The effect of different INM treatments was also observed to be
significant at all the growth stages. Highest total dry matter production was recorded
uniformly in T7 treatment at 30 (0.21 t/ha), 60 (0.74 t/ha), 90 (1.56 t/ha), 120 (4.39
t/ha), 150 (7.57 t/ha) and 180 (9.93 t/ha) DAP during 2002-03; and 30 (0.23 t/ha),
60 (0.85 t/ha), 90 (1.78 t/ha), 120 (5.01 t/ha), 150 (8.64 t/ha) and 180 (11.34 t/ha)
DAP during 2003-04. T8 treatment had also recorded highest dry matter produgtion
at 30 DAP during 2002-03 (0.21 t/ha) and 2003-04 (0.23 t/ha). Further, T4 (0.19
tha), T6 (0.19 t/ha) and T9 (0.19 t/ha) at 30 DAP; T3 (0.70 t/ha), T4 (0.69 t/ha), TS
(0.67 t/ha), T6 (0.67 t/ha) and T8 (0.72 t/ha) at 60 DAP; T3 (1.44 t/ha), T4 (1.45
tha), T6 (1.44 t/ha) and T8 (1.52 t/ha) at 90 DAP; T3 (4.13 t/ha), T4 (4.11 t/ha), T6
(4.09 t/ha), T8 (4.33 t/ha) and T9 (4.01 t/ha) at 120 DAP; T2 (7.04 t/ha), T3 (7.47
t{ha.), T4 (7.42 t/ha), T6 (7.46 t/ha), T8 (7.56 t/ha), T9 (7.25 t/ha), T10 (7.04 t/ha),

T11 (736 t/ha), T12 (7.34 t/ha) and T13 (7.00 tha), at 150 DAP; and T3 (9.84
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t/ha), T4 (9.74 t/ha), T6 (9.73 t/ha), T8 (9.92 t/ha), T9 (9.52 t/ha), T11 (9.22 t/ha)
and T12 (9.20 t/ha) at 180 DAP during 2002-03; T2 (0.21 t/ha), T3 (0.22 t/ha), T4
(0.22 t/ha), T5 (0.20 t/ha), T6 (0.22 t/ha), T9 (0.22 t/ha), T10 (0.20 t/he;), T11(0.20
t/ha) and T12 (0.20 t/ha) at 30 DAP; T3 (0.80 t/ha), T4 (0.77 t/ha), TS5 (0.77 t/ha),
T6 (0.77 t/ha) and T8 (0.82 t/ha) at 60 DAP; T3 (1.64 t/ha), T4 (1.65 t/ha), T6 (1.65
t/ha), T8 (1.73 t/ha) and T9 (1.61 t/ha) at 90 DAP; T3 (4.70 t/ha), T4 (4.69 t/ha), T6
(4.67 t/a), T8 (4.94 t/ha) and T9 (4.58 t/ha) at 120 DAP; T2 (8.03 t/ha), T3 (8.48
| t/ha), T4 (8.48 t/ha), T5 (7.84 t/ha), T6 (8.52 t/ha), T8 (8.63 t/ha), T9 (8.27 t/ha),
T10 (8.03 t/ha), T11 (8.40 t/ha), T12 (8.38 t/ha) and T13 (7.99 t/hé) at 150 DAP; and
T3 (11.14 t/ha), T4 (11.12 t/ha), T6 (11.11 t/ha), T8 (11.33 t/ha), T9 (10.87 t/ha),
T11 (10.52 t/ha) and T12 (10.50 t/ha) at 180 DAP during 2003-04 had recorded
total dry matter production oﬁ a par with T7 treatment. However, lowest dry matter
production was recorded by T1 treatment at 30, 60, 90, 150 and 180 DAP during
2002-03 (0.17 t/ha, 0.46 t/ha, 1.15 t/ha, 5.30 t/ha and 6.57 t/ha, respectively); and
2003-04 (0.19 t/ha, 0.52 t/ha, 1.15 t/ha, 6.0 t/ha and 7.39 t/ha, respectively). The
treatment had also recorded lowest dry matter at 120 DAP during 2003-04 (3.97
t/ha). In addition, T10 (0.17 t/ha) and T13 (0.17 t/ha) at 30 DAP; and T10 (3.27 t/ha)
at 120. DAP during 2002-03; and T13 (0.19 t/ha) at 30 DAP during 2003-04 had

also recorded lowest dry matter production.

418 Dry matter partitioning at harvest

The results are presented in Table 8 and Figure 3.

4181  Stem dry matter

The stem dry matter was in general observed to be higher during 2003-04

(2.88 t/ha), compared to 2002-03 (2.44 t/ha). Significant influence of the INM
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ireatments studied in the present investigation was also observed during both the
years of investigation. T7 treatment had recorded highest stem dry matter (2.80 t/ha
and 3.32 t/ha, respectively), while T1 treatment had recorded lowest stem dry matter
(2.07 t/ha and 2.48 t/ha, respectively), during 2002-03 and 2003-04. The treatments,
T3 (2.62 t/ha), T6 (2.66 t/ha) and T8 (2.63 t/ha) during 2002-03; and T3 (3.06 t/ha),
T6 (3.06 t/ha), T8 (3.11 t/ha) and T9 (3.03 t/ha) during 2003-04 had recorded stem
dry matter on a par with T7 treatment, Further, T9 treatment during 200203 had

recorded highest stem dry matter (2.80 t/ha).
4.1.8.2  Leaf dry matter

Leaf dry matter was noticed to be higher during 2003-04 (2.13 t/ha),
compared to 2002-03 (1.87 t/ha). The different INM treatments studied in the
present investigation exerted significant influence on the leéf dry matter. The T7
treatment had recorded highest leaf dry matter (2.13 t/ha and 2.49 t/ha, respecti.vely),
while T1 treatment had recorded lowest leaf dry matter (1.52 t/ha and 1.74 t/ha,
respectively), during 2002-03 and 2003-04. The treatments, T3 (1.95 t/ha), T4 (1.90
t/ha), T6 (2.04 t/ha), T8 (2.09 t/ha), T9 (1.96 t/ha) and T11 (1.90 t/ha) during 2002-
03; and T2 (2.15 t/ha), T3 (2.33 t/ha), T4 (2.18 t/ha), T6 (2.35 t/ha), T8 (2.38 t/ha),
T9 (2.16 t/ha) and T11 (2.16 t/ha) during 2003-04 had also recorded leaf dry matter

Ona par with T7 treatment.
4183  Tuber dry matter

Greater tuber dry matter was noticed during 2003-04 (5.93 t/ha), compared to
2002-03 (5.19 t/ha). Slgnlﬁcant influence of INM treatments was also recorded by

, the character during both the years of investigation. T7 treatment had recorded
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highest tuber dry matter (7.04 tha and 8.03 t/ha, respectively), while T1 had
recorded lowest tuber dry matter (2.99 t/ha and 3.49 t/ha, respectively), during 2002-
03 and 2003-04. Further, T3 (6.02 t/ha), T4 (5.98 t/ha), T6 (6.00 t/ha), T8 (6.92 t/ha)
and T9 (5.96 t/ha) during 2002-03; and T3 (6.8.6 t/ha), T6 (6.85 t/ha) and T8 (7.90

t/ha) during 2003-04 had recorded tuber dry matter on a par with T7 treatment.

4.1.84  Total dry matter

THoher ttpi,a] diy rnaticr was z‘f(;c,:(m:iaf:g} during 2007504 (10 94 i,/%;,_g:,}) compared
to 2002-03 (9.50 t/ha). Further, the INM treatments had significantly influenced total
dry matter production during both 2002-03 and 2003-04. Among the treatments, T7
had recorded highest total dry matter (11.97 t/ha and 13.84 t/ha, respectively),
followed by T8 treatment (11.64 t/ha and 13.39 t/ha, respectively), while T1 had
recorded lowest total dry matter (6.58 t/ha and 7.71 t/ha, respectively), during

2002-03 and 2003-04.
4.1.9 Crop growth rate (CGR)

The results are presented in Table 9. An increase in the crop growth rate was
noticed in the present invéstigation with an increase in the crop age upto 150 DAP.
However, at later stages, the CGR decreased with increasing crop age. Further,
grea‘teerGR was in general noticéd during 2003-04, comparéd to 2002-03 at the
different growth stages studied. The influence of different INM treatments studied in
the present investigation was also found to be non-significant at 30-60 DAP,
60-90 DAP, 150-180 DAP and 180-210 DAP. However, significant influence of the

lreatments was recorded at 90-120 DAP and 120-150 DAP.
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Among the treatments, T7 had recorded highest CGR during 2002-03
(9.43 g m™day™) and 2003-04 (10.77 g m™day™) at 90-120 DAP. The treatments,
T3 (9.0 g m™>day™), T4 (8.86 g m*day™), T6 (8.83 g m?day™), T8 (9.37 g m?day™),
T9 (8.65 g m’day’) and TI3 (8.15 g m?day') during 2002-03; and T3
(10.20 g m>day™), T4 (10.15 g m”day™ ), T6 (10.09 g m™>day™), T8 (10.70 g m
2day™) and T9 (9.88 g m~day™) during 2003-04 had also recorded CGR on a par
With T7 treatment. However, lowest CGR was recorded by T10 (680 o m2day™
treatment during 2002-03; and T1 (8.971 g m2day™) treatment during 2003-04 at 90-

120 DAP.

At 120-150 DAP, highest CGR was observed by TI10 treatment
(12.57 g m*day™) during 2002-03; and T12 treatment (13.81 g m>day™) during
2003-04. Further, the treatments, T2 (10.97 g m>day™), T3 (11.13 g m?day™), T4
(11.05 g m2day™), T5 (10.61 g m2day™), T6 (11.23 g m>day™ ), T7 (10.61 g m™
day™), T8 (10.77 g m>day™), T9 (10.80 g m™day™ ), T11 (12.08 g m™day™ ), T12
(12.10 g m?day™) and T13 (11.19 g m?day™) during 2002-03; and T2 (12.53 g m’
2day™), T3 (12.62 g m?day™), T4 (12.61 g m?2day™), T5 (12.11 g m2day™), T6
(12.82 g m2day™), T7 (12.11 g m™day™), T8 (12.29 g m™day™), T9 ¢12.33 g m™
day™), T10 (12.79 g m2day™); T11 (13.79 g m™2day™) and T13 (12.77 g m>day™)
during 2003-04 had recorded CGR on a par with the best treatment.

4110  Net assimilation rate (NAR)

The results are presented in Table 10. The influence of different INM

treatments studied in the present investigation on NAR, at 30-60 DAP, 60-90 DAP,
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150-180 DAP and 180-210 DAP was non-significant, while the effect at 90-120

DAP and 120-150 DAP was significant.

At 90-120 DAP, T7 treatment had recorded highest NAR during 2002-03
(6.78 g m™day™) and 2003-04 (7.54 g m>day™). The treatments T3 (6.48 g m™ day™
and 7.16 g m>day™), T6 (6.16 g m2day” and 7.24 g m™2day™) and T8 (6.50 g m’
2day'1 and 7.19 g mday™) had also recorded NAR on a par with T7 treatment during
2002-0% and 200304 respectively. Further, lowest NAR was recorded by T10 (4 07
g m;zday'l) during 2002-03 and T1 (5.01 g m?day™) during 2003-04.

At 120-150 DAP also, T7 had recorded highest NAR during both 2002-03
(8.37 g m”day™) and 2003-04 (9.51 g m”day™). The treatment, T6 (7.96 g m>day™)
during 2002-03; and T3 (8.84 g m?>day'), T6 (8.89 g m?day') and T8
(8.89 g m™day™) during 2003-04 had recorded NAR on a par with "1:7 treatment.
Further, T1 had recorded lowest NAR during both 2002-03 (5.61 g m™day™) and
2003-04 (6.16 g m™day™).
- 4.1.11 Sheot/root ratio

The results are presented in Table 11. A significant inﬂuence of the
treatments studied was observed on shoot/root ratio during 2002-03 and 2003-04. T1
treatment had recorded highest shoot/root ratio duriﬁg 2002-03 (1.49) and 2003-04
(1.38), while lowest shoot/root ratio was recorded by T7 during both 2002-03 (0.63)
and 2003-04 (0.60). Further, the treatments T3 (0.76 and 0.72), T4 (0.77 and 0.74),
T6 (0.77 and 0.75), T8 (0.64 and 0.62) and T9 (0.77 and 0.71) had also recorded
shoot/root ratio on a par with T7 treatment during 2002-03 and 2003-04,

Tespectively.



Table 11: Shoot /root ratio in cassava as influenced by integrated
nutrient management under rainfed conditions

Treatments

Shoot/root ratio

02-03 03-04 Mean
i (ROE) 1.49 1.38 1.48
T, (RDF+FYM) 1.02 0.92 1.02
T, (RDF+FYM+AZOS) 0.76 0.72 0.76
T, (*/7 RDF+FYM+AZOS) 0.77 0.74 0.77
Ts ('/, RDF+FYM+AZOS) 1.04 1.01 1.04
T, (RDF+VC) 0.77 0.75 0.77
T, (RDF+VC+AZOS) 0.63 0.60 0.63
Ts (/3 RDF+VC+AZOS) 0.64 0.62 0.64
To ('/3 RDF+VC+AZOS) 0.77 0.71 0.77
To (RDF+GM) 1.15 1.11 1.15
T,1 (RDF+GM+AZOS) 0.99 - 0.95 0.98
T2 (/3 RDF+GM+AZOS) 1.00 0.97 1.00
Ty ('/, RDF+GM+AZOS) 1.16 1.03 1.16
General Mean 0.94 0.89
S.Em 0.06 0.09
C.D (0.05) 0.18 0.26




4.1.12 Yield and yield attributes

The experimental results obtained with regards to the effect of different INM
freatments on number of tubers per plant, tuber length, tuber diameter, Fresh to dry

weight of tubers, tuber weight per plant and yield per hectare are presented in
Table 12.
4.1.12.1 Number of tubers per plant

ihe number of tubers per plant was in general observed W be higher duiing
2003-04 (6.97), compared to 2002-03 (6.26). A significant influence of the different
treatments studied in the present investigation was also observed for number of
tubers per plant during 2002-03 and 2003-04. Among the treatments, T7 had
recorded highest number of tubers per plant during both 2002-03 (6.74) and 2003-04
(7.31). The treatments, T2 (6.27), T3 (6.54), T4 (6.57), T6 (6.68), T8 (6.66) and T9
(6.71) during 2002-03, and T2 (6.82), T3 (7.27), T4 (7.16), T5 (7.13), T6 (7.27), T8
(7.10), T9 (7.07), T11 (6.89) and T12 (6.88) during 2003-04 had also recorded

number of tubers per plant on a par with T7 treatment.
4.1.12.2 Tuber length |

Tuber length was observed to range from 21.21 (T1) to 25.04 (T7) cm with a
mean of 23.43 crﬁ during 2002-03; and 23.20 (T1) to 28.20 (T3) cm with a mean of
25.06 cm during 2003-04. However, the effect of different INM treatments studied

in the present investigation was non-significant on tuber length during both 2002-03

and 2003-04.
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Fig. 4. Tuber yield (tonnes/ha) of cassava as influenced by integrated nutrient
management under rainfed conditions




4.1.12.3 Tuber diameter

Tuber diameter was in general observed to be higher durihhg 2003-04
‘ (9.27 cm), compared to 2002-03 (7.96 cm). Further, a significant influence of the
INM treatments was observed for the character. Among the treatments, T7 had
recorded highest tuber girth during both 2002-03 (8.72 cm) and 2003-04 (10.38 cm).
Further, the treatments T2 (8.31 cm), T3 (8.54 cm), T4 (8.26 cm), TS (8.80 cm), T6
(8.52 em), T8 (&2470111} and T9 (8.24 cin) du‘ring 2002-03; and T3 (9.88 ciy, 14
(9.52 cm), T5 (9.48 cm), T6 (9.44 cm), T8 (9.46 cm), T11 (9.42 cm) and T12 (9.24)
during 2003-04 had recorded tuber diameter on a par with T7 treatment. Tl
treatment had recorded lowest tuber girth during both 2002-03 (6.72 c¢cm) and

2003-04 (8.50 cm).
4.1.12.4 Fresh to dry weight of tuber

Fresh to dry weight of tubers was observed to range from 29.80 (T1) to 34.69
per cent (T7) with a mean of 32.00 per cent during 2002-03 and from 30.10 (T1) to
35.16 per cent (T7) with a mean of 32.93 per cent. Though, there was an
improvement in dry mater content of tubers with INM treatments, the influence was

found to be non-significant.
41125 Tdber weight per plant

Higher tuber weight per plant was in general observed during 2003-04
(1-85 kg), compared to 2002-03 (1.48 kg). Further, a significant effect of the
different INM treatments studied in the present investigation was observed for the
character, Among the treatments, T7 héd recorded highest tuber weight per plant

during both 2002-03 (1.96 kg) and 2003-04 (2.35 kg). Further, the treatments T3
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(1.68 kg), T4 (1.54 kg), T6 (1.62 kg) and T8 (1.82 kg) during 2002-03 (Plate 2); and
T3 (2.10 kg) and T8 (2.32 kg) during 2003-04 (Plate 3) had also recorded tuber
~ weight per plant on a par with T7 treatment. Lowest tuber weight per plant was
recorded by T1 treatment during both 2002-03 (1.05 kg) and 2003-04 (1.45 kg).

4,1.13 Yield per hectare

The tuber yield was in general noticed to be higher during 2003-04 (22.56 t),
compared to 200203 (16.06 ). Further, o sipnificant mfluence of the differcnt 1N
treatments studied in the present investigation was recorded for this character.
Among the treatments, T7 had recorded highest tuber yield per hectare during both
2002-03 (21.21 t) and 2003-04 (26.58 t). The treatments, T3 (19.21 t), T4 (18.10 1),
T6 (18.89 t), T8 (20.80 t) and T10 (17.68 t) during 2002-03; and T3 (24.83 t) and T8
(25.89 t) during 2003-04 had recorded tuber yield per hectare on a par wifh T7

treatment. However, T1 treatment had recorded lowest yield per hectare during both

2002-03 (12.98 t) and 2003-04 (16.34 t) (Table 12 and Fig.4).
4.1.14  Quality attributes

The results pertaining to influence of the different INM treatments on quality
attributes of the tuber namely, starch content, hydrocyanin content, crude fibre
content and cooking time are presénted in Table 13.
4114.1 Starch content

The starch content of cassava was in general noticed to be higher during
2003-04, compared to 2002-03. Further, the starch content under different INM
treatments was observed to range from 24.53 per cent (T1) to 29.16 per cent (T7)

with an average of 26.88 per cent during 2002-03; and from 23.66 per cent (T1) to



SN SN SN SN SN SN SN SN (c00) @D

96°0 [A " 90°0 L0°0 060 Ly'0 w'l AN w3's

14414 LI 8’1 88’1 Sy'8h 8.8V 06°LT 88791 ueay [eI9USD

€ELT  €E°8C ££°9C | Y AP YA €9°L 60°8% QS Ly 9°8y L6°ST LT UL (SOZv+wo+dau ?/)) ©1
00°LT 0087 00°9¢ 96"~ 0671 0 e'8p L6°Ly £9°8y 9897 #1187 8S'GL (SOZv+wo+4ay £/,) ¥L
y8°LT 0087 L9741 g8 . /8L €81 w8y v sy 658y PO LT 18/LT  ST9L (SOZv+wo+4ay) ‘'L
L1'8T L9761 £9°9¢ 3 68’1 £€0°¢ oL'8y (Y AVA4 9 8y e°LT  9¥'8C 81°9¢ (Wo+4qy) °t1
19°LT 00°8T £€°LT €67 1671 G671 oL'sy 17AVA4 S8y LT°9T 00°9¢ ¥GQ'9¢ (SOZY+IA+4a4 %/) °L
LL'8T ££°8C 00°8¢ G8'. /8L A} 788y 98K TAAl 4 L6°8T L6787  96°8C (SOZv+DA+4ad £/,) &1L
00°0g  ££°67 £9°0¢ 187 88’1 vLL 1G 6} AN 4 ¥3 6v €476 61°0¢ 91°6¢ (SOZV+IA+4qd) 4L
L1°6T 00°8T £€°0¢ 08’ 93’1 €L Ly 6V 6y 6% a4 ov°LT 017°8C 69°9¢ (JA+4qd) %1
¥8°9C L9°8 00°GZ LL 9L 1671 19°8% GG 8Y 19°8v Q19T €L'9C 9.°GZ (SOZY+WA4+4ay %/,) S1L
y€°8T /9'8T 00°8¢ 98> €L} 8671 L8°8% 8T 6% 9 8y €167 8T6T 86°8Z (SOZV+WAJ+4QYd &/,) L
y£°6T 00°6T 19°6C 12 1871 AN 8Z°6¥ 961 4 LE°6T L0°0¢ 114 (SOZV+WAd+4Qy) €L
£e LT £eL €€°LT 68°: r8°L ve-L 79°6¥ 88 6% 9¢ 6% €L°LT  V¥6°LT 16°/T (wA4+day) 2L
€847 ££°8C €€°LT 687" €871 G6°L £8°9% 9¢°9% 6C Ly 0L VT  99°¢C 13N 44 (a9 'L

uesyw  #0-€0 £0-20 ueew  pO-€0 £0-70 ueaw ¥0-£0 £0-20 uesyw  #0-€0 £0-20

sjuswieal]

(sonuiw) awlj Sunjoo)

(% -ualuod aiqyy IpnI)

(8/8r) quajuo> ulweASOIPAH

(%) ua3u0> yYd1els

SUOIJIPUOD pPajule.

un juawebeuew juauinu pajeiBejul Aq peousnjyjul se eABSSED Ul S3Inquyle AjenD : g s|qeL



30.29 per cent (T7) with an average of 27.90 per cent during 2003-04. However, the
effect of different INM treatments on starch content of cassava was noticed to be
non-significant (Fig.5).

4.1.14.2 Hydrocyanin content (HCN)

The HCN content of cassava tuber was in general observed to be higher
during 2002-03 (48.78 png/g), compared to 2003-04 (48.45 ng/g). Further, the
hydrocyanin content was observed 1o rauge form from 47.29 pglg (11 to 49.84 peg/g
(T7) during 2002-03; and 46.36 pg/g (T1) to 49.88 ng/g (T2) during 2003-04.
However, the influence of different INM treatments on HCN content of cassava
tubers was observed to be non-significant during both the years of investigation
(Fig.5).
4.1.14.3 Crude fibre content

Crude fibre content of cassava tuber was observed to be in the range from
1.63 per cent (T13) to 2.03 per cent (T10) with an average of 1.88 per cent during
2002-03; and from 1.62 per cent (T5) to 1.91 per cent (T9) Wifh an average of
1.82 per cent during 2003-04. However, the effect of different INM treatments bn

crude fibre content of cassava tubers was observed to»be non-significant.
41144  Cooking time

Cooking time of the tubers was observed to range from 25.0 (T5) to 30.67
(T7) minutes with an average of 27.72 minutes during 2002-03; and from 27.33 (T2)
1029.67 (T10) minutes with an average of 28.44 minutes during 2003-04. However,

the effect of different INM treatments on cooking time of cassava tuber was

%
Observed to be non-significant.
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4.1.15 Nitrogen uptake

The experimental results regarding influence of different INM treatments on
nitrogen uptake by cassava stem, leaf and tuber in addition to total uptake during

2002-03 and 2003-04 years of study are presented in Table 14 and Fig. 6.
41151 Stem

Nitrogen uptake by cassava stem was observed to be higher during 2003-04
(36,43 kg/hay, cowmpared o 200203 (3117 kp/hay, Yorther, ihe TV treatments
were noticed to significantly influence nitrogen uptake by cassava stem, Among the
treatments, T7 had recorded highest nitrogen uptake (37.44 kg/ha and 41.55 kg/ha,
respectively), while T1 had recorded lowest nitrogen uptake (22.90 kg/ha and 30.19
kg/ha, respectively) during 2002-03 and 2003-04. The treatments, T6 (36.25 kg/ha),
T8 (36.47 kg/ha) and T9 (35.82 kg/ha) during 2002-03; and T3 (39.46 kg/ha), T6
(40.28 kg/ha), T8 (40.36 kg/ha) and T9 (39.24 kg/ha) during 2003-04 had recorded

nitrogen uptake on a par with T7 treatment.
4.1.152 Leaf

Significant inﬂueﬁce of different INM treatments imposed ink the present
study was observed on nitrogen uptake by cassava leaf during both 2002-03 and
2003-04 years of investigation. Nitrogen uptake by cassava leaf was obsefved to be
higher during 2003-04 (39.81 kg/ha), compared to 2002-03 (39.32 kg/ha). Among
the treatments, T7 had recorded highest nitrogen uptake (43.76 kg/ha and 46.69
kg/ha, respectively), while T1 had recorded lowest nitrogen uptake (29.14 kg/ha and
34.05 kg/ha, respectively) during 2002-03 and 2003-04. The treatments, T2 (40.92

kgha), T3 (42.31 ke/ha), T4 (41.76 ke/ha), TS (39.80 kg/ha), T6 (41.14 kg/ha), TS
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(42.15 kg/ha), T9 (41.86 kg/ha), T10 (36.39 kg/ha), T11 (39.62 kg/ha) and T12
(37.81 kg/ha) during 2002-03; and T2 (38.54 kg/ha),T3 (41.87 kg/ha), T4 (39.24
kg/ha), T5 (36.95 kg/ha), T6 (43.42 kg/ha), T8 (44.87 kg/ha), T9 (40.43 kg/ha), T10
(38.02 kg/ha), T11 (40.66 kg/ha) and T12 (37.69 kg/ha) during 2003-04 had

recorded nitrogen uptake on a par with T7 treatment.

4.1.15.3 Tuber

The dif

ferent INM treatments studied in the present investigation were
observed to exert a significant influence on the nitrogen uptake by cassava tuber
during both  2002-03 and 2003-04 years of investigation. Higher nitrogen uptake by
cassava tuber was noticed during 2003-04 (29.95 kg/ha), compared to 2002-03
(26.78 kg/ha). Among the treatments, T7 had recorded highest nitr;)gen uptake
(37.30 kg/ha and 41.43 kg/ha, respectively), while T1 had recorded lowest nitrogen
uptake (16.43 kg/ha and 19.35 kg/ha, respectively) during 2002-03 and 2003—04.
The treatments, T3 (32.89 kg/ha), T4 (31.84 kg/ha), T6 (31.28 kg/ha), T8 (35.65
kg/ha) and T9 (29.86 kg/ha) during 2002-03; and T3 (33.48 kg/ha), T4 (32.05
kg/ha), T6 (32.94 kg/ha), T8 (37.96 kg/ha), T9 (31.87 kg/ha), T11 (30.33- kg/ha) and
T12 (28.77 kg/ha) during 2003-04 had recorded nitrogen uptake on a par with T7

treatment.
4.1.154 Total

A significant influence of different INM treatments studied was observed on
tofal nitrogen uptake by cassava during both 2002-03 and 2003-04 years of
investigation. Higher uptake was recorded during 2003-04 (106.20 kg/ha), compared

t0'2002-03 (97.23 kg/ha). Among the treatments, T7 had recorded highest nitrogen
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nutrient management under rainfed conditions
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uptake (118.50 kg/ha and 129.67 kg/ha, respectively), followed by T8 treatment
(114.27 kg/ha and 123.19 kg/ha, respectively), while T1 treatment had recorded
lowest nitrogen uptake (68.47 kg/ha and 83.59 kg/ha, respectively) during 2002-03

and 2003-04 years of investigation.
4.1.16 Phosphorous uptake

The experimental results regarding influence of different INM treatments on

~

phosphorous uptake by cagsava ctem, leaf

aridl Lubu i d4Uanion oo pell HDLaKE

during 2002-03 and 2003-04 years of study are presented in Table 15 and Fig.7.
4.1.16.1 Stem

Phosphorous uptake by cassava stem was observed to be significantly
influenced by the different INM treatments. Higher phosphorous uptake was
recorded during 2003-04 (11.10 kg/ha), compared to 2002-03 (9.71 kg/ha). Among
the treatments, T7 had recorded highest phosphorous uptake (11.43 kg/ﬁa and 12.39
kg/ha, respectively), while T13 had recorded lowest phosphorous uptake (8.51 kg/ha
and 9.23 kg/ha, respectively) during 2002-03 and 2003-04 years of study. Further,
T6 (11.40 kg/ha) during 2002-03; and T2 (11.97 kg/ha), T3 (11.83 kg/ha), T4 (11.61
kg/ha), T6 (12.25 kg/ha), T8 (12.03 kg/ha) and T9 (11.81 kg/ha) during 2003-04
had recvorded phosphérous uptake oh a par with T7 treatment. |

41.16.2 Leaf

A significant influence of the different INM treatments imposed in the
Present investigation was recorded on phosphorous uptake by cassava leaf during
both 2002-03 and 2003-04 years of investigation. Higher phosphorous uptake by

Cassava leaf was recorded during 2003-04 (7.68 kg/ha), compared to 2002-03
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(6.64 kg/ha). Among the treatments, T7 had recorded highest uptake (7.31 kg/ha and
8.32 kg/ha, respectively), while T13 had recorded lowest uptake (5.33 kg/ha and
6.29 kg/ha, respectively) during 2002-03 and 2003-04. Further, T2 (7.00 kg/ha and
8.07 kg/ha, respectively), T3 (7.05 kg/ha and 8.12 kg/ha, respectively), T4 (6.91
kg/ha and 7.93 kg/ha, respectively), T5 (6.86 kg/ha and 7.91 kg/ha, respectively),
T6 (7.23 kg/ha and 8;25 kg/ha, respectively), T8 (7.14 kg/ha and 8.21 kg/ha,
respectively), T9 (6.99 kg/ha and 7.98 ko/ha, respecﬁ%l,y) T10 (6 80 kp/ha and 7.87
kg/ha, respectively) and T11 (6.74 kg/ha and 7.58 kg/ha, respecti\;ely) had recorded
phosphorous uptake on a par with T7 treatment during 2002-03 and 2003-04 years
of study.

41163 Tuber

INM treatments studied in the present investigation had exerted significant
influence on phosphorous uptake by cassava tuber during both 2002-03 and 2003-04
years of investigation. Higher phosphorous uptake was observed during 2003-04
(8.12 kg/ha), compared to 2002-03 (7.82 kg/ha). Among .the treatments, T7 had
recorded highest uptake (8.43 kg/ha and 8.69 kg/ha, respectively), while Tlé’ had
recorded lowest uptake (6.33 kg/ha and 7.28 kg/ha, respectively) during both
2002-03 and 2003-04 years of investigation. Further, T2 (8.25 kg/ha and 8.32 kg/ha,
respectively), T3 (8.29 kgtha and 8.36 kg/ha, respectively), T4 (8.15 kg/ha and 8.21
kg/ha, respectively), T5 (8.07 kg/ha and 8.19 kg/ha, respectively), T6 (8.41 kg/ha
and 8.44 kg/ha, respectively), T8 (8.36 kg/ha and 8.41 kg/ha, respectively), T9 (8.21

kg/ha and 8.25 kg/ha, respectively), T10 (8.01 kg/ha and 8.12 kg/ha, respectively)
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Fig. 7. Phosphorus uptake (kg/ha) in cassava as influenced by integrated nutrient
management under rainfed conditions




and T11 (8.05 kg/ha and 8.09 kg/ha, respectively) had recorded phosphorous uptake

on a par with T7 treatment during 2002-03 and 2003-04 years of study.
4.1.16.4 Total

INM treatments studied in the present investigation had recorded a
significant influence on total phosphorous uptake during both 2002-03 and 2003-04
years of study. Total phosphorous uptake was observed to be higher during 2003-04
(26.90 ke/ha), compared {6 2002-03 (2417 kp/ha). Arnong, the beatments, T/ had
recorded highest phosphorous uptake (27.17 kg/ha and 29.40 kg/ha, respectively),
while T13 had recorded lowest uptake (20.17 kg/ha and 22.80 kg/ha, respectively)
during both 2002-03 and 2003-04. Further, T2 (25.42 kg/ha), T3 (25.54 kg/ha), T6
(27.04 kg/ha) and T8 (26.08 kg/ha) during 2002-03; and T2 (28.36 kg/ha), T3
(28.31 kg/ha), T4 (27.75 kg/ha), TS (27.11 kg/ha), T7 (28.94 kg/ha), T8 (28.65
kg/ha), T9 (28.04 kg/ha) and T10 (26.98 kg/ha) during 2003-04 had recorded

phosphorous uptake on a par with T7 treatment.
4.1.17 Potassium uptake

The expérimental fesults regarding influence of different INM treatments on
potassium uptake by cassava stem, leaf and tuber in addition to total uptake during
2002-03 and 2003-04 years of study are presented in Table 16 and Fig.8. B
41171  Stem

The INM treatments had exerted a significant influence on potassium uptake
by cassava stem during 2002-03 and 2003-04 years of investigation. Higher
Potassium uptake was noticed during 2003-04 (29.02 kg/ha), compared to 2002-03

(28.21 kg/ha). Among the treatments, T7 had recorded highest potassium uptake
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(31.07 kg/ha and 31.82 kg/ha, respectively), while T13 had recorded lowest
potassium uptake (21.44 kg/ha and 21.57 kg/ha, respectively) during 2002-03 and
' 2003-04 years of study. Further, T2 (30.67 kg/ha and 31.35 kg/ha, respectively), T3
(30.74 kg/ha and 31.20 kg/ha, respectively), T4 (29.86 kg/ha and 31.01 kg/ha,
respectively), TS5 (28.96 kg/ha and 30.73 kg/ha, respectively), T6 (30.95 kg/ha and
31.75 kg/ha, respectively), T8 (30.87 kg/ha and 31.54 kg/ha, respectively), T9
(30.28 kg/ha and 31.14 ke/ha, respectively), T10 (29.47 kg/ha and 30.97 kg/ha,
respectively) and Tllv (29.21 kg/ha and 30.82 kg/ha, respectively) had recorded
potassium uptake on a par with T7 treatment during both 2002-03 and 2003-04 years

of investigation.
4.117.2 Leaf

The significant influence of INM treatments studied in the present
investigation was noticed on potassium uptake by cassava leaf during both 2002-03
and 2003-04 years of study. Potassium uptake by cassava leaf was observed to be
‘higher during 2003-04 (14.54 kg/ha), compared to 2002-03 (14.14 kg/ha). Among
the treatments, T6 (15.56 kg/ha) during 2002-03 and T7 (16.17 kg/ha) during
2003-04 had recorded highest potassium uptake, while T13 treatment had recorded
lowest uptake (11.24 kg/ha and 11.69 kg/ha, respectively) during 2002-03 and 2003-
04 years of investigation. Further, the treatments, T2 (15.17 kg/ha), T3 (15.24
ke/ha), T4 (14.77 kg/ha), TS (14.25 kg/ha), T7 (15.37 kg/ha), T8 (15.29 kg/ha), T9
(14.86 kg/ha), T10 (14.44 kg/ha) and T11 (14.32 kg/ha) had recorded potassium
Uptake on a par with T6 treatment during 2002-03, while T2 (15.38 kg/ha), T3

(1543 ke/ha), T4 (15.07 ke/ha), T5 (14.74 kg/ha), T6 (16.02 kg/ha), T8 (15.98
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Fig. 8. Potassium uptake (kg/ha) in cassava as influenced by integrated nutrient
management under rainfed conditions




kg/ha), T9 (15.14 kg/ha), T10 (14.86 kg/ha) and T11 (14.82 kg/ha) treatments had

recorded potassium uptake on a par with T7 treatment during 2003-04.

4.1.17.3  Tuber

The different INM treatments had recorded a significant influence on
potassium uptake by cassava tuber during different years of study. Higher potassium
uptake by cassava tuber was observed during 2003-04 (28.82 kg/ha), compared to
2002-03 (25.63 kg/ha). Among the treatments, T7 had recorded highest uptake
(36.36 kg/ha and 41.48 kg/ha, respectively), while T1 had recorded lc;west uptake
(11.56 kg/ha and 13.01 kg/ha, respectively) during both 2002-03 and 2003-04 years
of study. Further, T2 (31.94 kg/ha and 36.19 kg/ha, respectively), T3 (33.02 kg/ha
and 36.35 kg/ha, respectively), T6 (35.87 kg/ha and 39.51 kg/ha, respectively), T8
(34.65 kg/ha and 38.11 kg/ha, respectively) and T9 (28.67 kg/ha and 31.29 kg/ha,
respectively) treatments had also recorded potassium uptake on a par with T7
treatment during 2002-03 and 2003-04 years of investigation. T10 (25.56 kg/ha) and
T11 (24.96 kg/ha) treatments had also recorded K uptake on far with the best
tfeatment (T7) during 2002-2003.
4.1.17.4 Total

INM treatments studied in the present investigation had recorded a
significant influence on total potassium uptake by cassava during 2002-03 and
2003-04 years of investigation. Further, 2003-04 had recorded higher uptake (72.38
kg/ha), compared to 2002-03 (67.99 kg/ha) year of ‘study. Among the different INM
treatments studied, T7 had recorded highest uptake (82.80 kg/ha and 89.47 kg/ha,

fespectively), while T13 had recorded lowest uptake (44.32 kg/ha and 216.41 kg/ha,



respectively) during both 2002-03 and 2003-04. Further, the treatments, T2 (77.78
kg/ha), T3 (79.00 kg/ha), T6 (82.38 kg/ha), T8 (80.81 kg/ha) and T9 (73.81 kg/ha)
during 2002-03; and T2 (82.92 kg/ha), T3 (82.98 kg/ha), T6 (87.28 kg/ha) and T8
(85.63 kg/ha) during 2003-04 had recorded total potassium uptake on a par with T7

treatment.

4.1.18 Correlation studies

The correlation studies between growth and yield attributes, nutrient uptake
and yield of cassava under rain fed condition are presented in Tables 16a and 16b.

The data revealed that tuber yield of cassava was positively and significantly
correlated with growth attributes namely plant height (0.937** and 0.952%%*,
respectively), stem girth (0.714” and 0.946**, respectively), leaves per plant
(0.680** and 0.970**, respectively), leaf area index (0.658* and 0.943**,
respectively), total dry matter (0.900** an(i 0.946**, respectively), and growth
analysis parameters like CGR (0.736** and 0.714**, respectively), and NAR
(0.636** and 0.641**, respectively), and yield attributes namely tubers per plant
(0.866** and 0.689**, respectively), tuber length (0.823** and 0.566%,
respectively), tuber girth (0.867** and 0.602**, respectively), and nutrient up£ake
-such as N (0.636* and 0.745**, respectively), P uptake (0.704** a;ld 0.665%*,
vrespectively), and K uptake ( (0.831** and 0.826**, respectively) during both
2002-03 and 2003-04 years of study.

4.1.19 Cost of cultivation

The cost of cultivation, gross and net returns in addition to benefit : cost ratio
of different INM treatments studied in the present investigation are presented in

Table 17 and Figs. 9 and10.
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4.1.19.1 Total expenditure
The total expenditure was observed to range from Rs. 8598/- (T13) to
Rs 24771/- (T7) during both the years of investigaﬁon (Table 17). In general,
treatments involving vermicompost component recorded higher expenditure
followed by farm yard manure, compared to the treatments involving green manure
component during both the years of study.

41102 Cross vefirng

Gross returns for different INM treatments in the present investigation ranged
from Rs 23715/~ (T1) to Rs 38118/ (T7) during 2002-03 and from Rs 22503/ (T1)
to Rs 35979/- (T7) during 2003-04. The returns were in general observed to be
higher for treatments involving vermicompost component, compared to farm yard
manure and green manure components.

4.1,19.3 Net returns

Net returns of different INM treatments studied ranged from Rs 9019/- (T1)
to Rs 20303/- (T4) during 2002-03 and from Rs 7807/- (T1) to Rs 20001/~ (T4)
during 2003-04.

4.1.19.4 Benefit: cost ratio

The benefit : cost ratio of different INM treatments studied was observed tQ '
range from 1.38 (T6) to 2.86 (T13) during 2002-03 and from 1.32 (T6) to 3.04 (T13)

during 2003-04.
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42 IRRIGATED EXPERIMENT

Experimental results of studies on effect of integrated nutrient management
in cassava with regards to growth, yield, quality, nutrient uptake and economics of
cost of cultivation under irrigated conditions during 2002-03 and 2003-04 are

presented in Tables 18 to 34.

4.2.1 Plant height

N sevevii b e anpmo ot bt Jen T alsie RS, SR . i, R T N S
LG CeUNnS are Bresciiea wio Lapis 146 A INCTease i plat U\’Jlght Wil

observed from 24.37 cm to 148.27 cm during 2002-03; and from 24.53 to 160.72 cm
during 2003-04 with an increase in the crop age from 30 DAP to 210 DAP. Further,
greater plant height was in general observed at all the crop growth stages studies

during 2003-04, compared to 2002-03.

The application of farm yard manure, vermicompost, green manure and the
bio-fertilizer, Azosprillum in combination with full, 2/3 and %4 dose of recommended
NPK inorganic fertilizers did not exhibit any significant effect on plant height at 30
DAP and the treatments studied were observed to be on a par with each other.
However, significant differences were noticed among the treatments for plant height

at all other growth stages studied during both the years of investigation.

At 60 DAP, T7 had recorded highest plant height during both 2002-03 (55.30
cm) and 2003-04 (60.13 cm). The treatments, T6 (53.67 cm) and T8 (54.13 cm)
during 2002-03; and T6 (54.37 cm), T8 (56.75 cm) and T11 (54.24 cm) during
2003-04 were observed to be statistically on a par with the T7 treatment. Further,
lowest plant height was recorded by T13 treatment during both the years of study

(39.40 cm during 2002-03 and 44.47 ecm during 2003-04).
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During 2002-03, significantly greater plant height was recorded by T7
ireatment (111.50 cm) at 90 DAP, compared to other treatments, while T13
'(:36,60 cm), T1 (90.67 cm), T10 (88.00 cm) and T12 (89.71 cm) treatments had
recorded lowest plant height. During 2003-04 also, T7 treatment had recorded
highest plant height (120.57 cm) and the treatment, T8 (117.95 cm) was observed to
be statistically on a par with T7 treatment. Lowest plant height was recorded by T13
treatment (90.05 cm) during the year. Further, T1 (90 27 em), T10 (92.35 cm) and
T12 (95.12 cm) treatments had recorded plant height statistically on a par with T1

treatment during 2003-04.

At 120 days after planting, T7 treatment had recorded highest plant height
during both 2002-03 (136.53 cm) and 2003-04 (138.88 cm). Further, T8 treatment
(132.59 cm) during 2002-03; and T6 (134.79 cm), T8 (136.65 cm) and T11
(135.47 cm) treatments during 2003-04 had recorded plant height on a par with T7
treatment. In contrast, T1 treatment had recorded lowest plant height during both

2002-03 (110.53 c¢m) and 2003-04 (120.63 cm).

At 150 DAP also, T7 had recorded highest plant height during bé)th 2002-03
(140.97 ¢m) and 2003-04 (154.50 cm). The treatments, T8 (151.39 cm) and T11
(150.89 cm) during 2003-04 had recorded plant height on a par with T7 treatment.
- Further, lowest plant height was recorded by T10 (120.20 cm) during 2002-03; and

T1 treatment (133.03 cm) during 2003-04.
At 180 DAP, significantly greater plant height was recorded by T7 treatment

(15037 cm) during 2002-03, and was observed to be on a par with T8 treatment

: (1’147.63 cm), while lowest plant height was recorded by T1 treatment (132.40 cm).



puring 2003-04 also, T7 treatment had recorded highest plant height (165.93 c¢m)
and was observed to be on a par with T6 (161.47 cm) and T8 (162.97 cm)
treatments. Further, T1 treatment had recorded lowest plant height (143.72 cm)
during 2003-04.

At 210 DAP, highest plant height was recorded by T7 treatment (158.13 and
177.47 cm), while lowest plant height was recorded for T1 treatment (136.03 and
146.20 em) during both 200203 and 2003 .04 vespectively Further, the freatiments,
T6 (154.27 and 170.83 cm, respectively) and T8 (156.16 and 172.90 cm,
respectively) had recorded plant height on a par with T7 treatment during 2002-03

and 2003-04.
422 Stem girth

The results are presented in Table 19. An increase in stem girth from 2.64 cm
to 8.55 cm during 2002-03; and from 2.78 cm to 8.74 c¢cm during 2003-04 was
observed in the present investigation with an increase in the crop age from 30 1;0
210 DAP. Further, greater stem girth was in general noticed dufing 2003-04,

compared to 2002-03 at 30, 60, 150, 180 and 210 DAP.

The application of farm yard manure, vermicompost, green manure and bio-
fertilizer, Azosprillum in-combination with different. doses of recomrriended-NPK
inorganic fertilizers was resulted in non-significant effect on stem girth at 30 DAP,
60 DAP and 90 DAP during both 2002-03 and 2003-04. However, significant
differences were noticed among the treatments for stem girth at 120, 150 180 and

210 DAP during both the years of investigation.
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At 120 DAP, highest stem girth was recorded by T7 treatment, (8.10 cm and
8.17 cm) while lowest was recorded by T1 treatment (6.83 cm and 6.37 cm) during
poth 2002-03 and 2003-04, respectively. Further, the treatments T2 (7.60 cm), T3
(7.70 cm), T4 (7.63 cm), T6 (7.97 cm), T8 (8.07 cm) and T9 (8.00 cm) during 2002-
03; T3 (7.63 cm), T6 (7.90 cm), T8 (8.00 cm) and T9 (7.77 cm) during 2003-04 had
recorded stem girth on a par with T7 treatment.

Highest stem girth at 150 DAP was recorded by T7 treatment (2 77 o and
9.00 cm), while lowest was recorded by T1 treatment (7.87 cm and 7.70 cm) during
both 2002-03 and 2003-04, respectively. Further, the treatments T3 (8.17 cm), T4
(8.37 cm), T6 (8.43 cm), T8 (8.70 cm), T9 (8.27 c¢m) and T12 (8.27 cm) during
2002-03; and T3 (8.73 cm), T4 (8.60 cm), T6 (8.73 cm), T8 (8.87 cm), T9 (8.50
cm), T11 (8.57 cm) and T12 (8.50 cm) during 2003-04 had recorded stem girth on a

par with T7 treatment.

At 180 DAP, highest stem girth was recorded by T7 (8.80 cm) treatment and
was observed to be statistically on a par with the stem girth recorded by T3
(8.63 cm), T4 (8.40 cm), T6 (8.63 cm), T8 (8.70 cm), T9 (8.40 cm), T10 (8.37 cm),
T11 (8.57 cm), T12 (8.55 cm) and T13 (8.37 cm) treatments, while lowest stem girth

was recorded by T1 (8.10 cm) treatment during 2002-03. Further, the treatment T7

(9.12 ¢m) has also recorded highest stem girth during 2003-04 and was observed to |

be statistically on a par with the stem girth recorded by T3 (8.87 cm), T4 (8.73 cm),
T6 (8.83 cm), T8 (9.00 cm), T9 (8.63 cm) and T11 (8.72 cm) treatments.

Highest stem girth at 210 DAP was also recorded by T7 treatment during

b(’fh 2002-03 (8.85 cm) and 2003-04 (9.23 cm). Further, it was observed to be on a



par with the stem girth recorded by T2 (8.50 cm), T3 (8.67 cm), T4 (8.47 cm), TS
(8.43 cm), T6 (8.78 cm), T8 (8.73 cm), T9 (8.41 cm), T10 (8.47 cm), T11 (8.67 cm),
T12 (8.63 ¢cm) and T13 (8.45 cm) treatments during 2002-03; and T3 (8.93 cm), T4
(8.87 cm), T6 (9.00 cm), T8 (9.07 cm) and T11 (8.87 cm) treatments during
2003-04. Lowest stem girth was however recorded by T1 treatment during 2002-03

(8.12 cm) and 2003-04 (8.13 cm).
42.3 Number of nodes

The results are presented in Table 20. Number of nodes was noticed to

increase from 24.42 to 160.96 during 2002-03 and from 28.23 to 168.63- during

2003-04 with an increase in the crop age from 30 to 210 DAP. Further, greater
number of nodes per plant was in general observed during 2003-04, cbmpared to

2002-03 at the different growth stages studied, except at 60 and 120 DAP.

The INM treatments imposed in the present investigation did not exhibit any
significant influence on the number of nodes per plant at 30 DAP during 2002-03
and 2003-04. However, significant difference were observed among the treatments

at 60, 90, 120, 150, 180 and 210 DAP, during both the years of investigation.

At 60 DAP; highest number of nodes per plant was recorded by T7 treatment
(61.97 and 62.87), while lowest wés recorded by T13 treatment (42.13 and 41.60)
during 2002-03 and 2003-04, respectively. Further, the treatments, T3 (60.40), T4
(61.13), T6 (58.47) and T8 (59.57) during 2002-03; and T8 (60.00) during 2003-04

Wwere observed to be on a par with T7 treatment.

At 90 DAP, the highest number of nodes per plant was recorded by T7

treatment (118.53), while lowest number was recorded by T13 treatment (94.67)
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during 2002-03. However, T3 (118.13) and T6 (111.87) treatments were found to be
on a par with T7 treatment. During 2003-04 also, T7 treatment had recorded highest
number of nodes per plant (125.12) and was found to be on a par with T8 (120.72),
while lowest number of nodes was recorded by T13 treatment (88.00) during the
year.

At 120 DAP, highest number of nodes per plant were recorded by T7
treatment £160.57 and 14727 while lowest number wag recorded By T treatment
(131.20 and 128.47) during 2002-03 and 2003-04, respectively, Further, the
treatment T8 (155.96 and 145.42, respectively) was found to be on a par with T7

treatment during 2002-03 and 2003-04.

At 150 DAP, highest number of nodes per plant was recorded by T7
treatment for both 2002-03 (168.47) and 2003-04 (168.37), while lowest was
recorded by T1 treatment (132.27 and 143.07, respectively) during 2002-03 and
2003-04. Further, the treatments T6 (160.27) and T8 (164.93) during 2002-03; and
T3 (164.50), T4 (163.40) and T8 (166.50) were found to be statistically on a par

with T7 treatment during 2003-04.

Highest number of nodes per plant was recorded by T7 treatment at 180
(179.33 and 175.27, respectively) and 210 (180.20 and'182.37, respectively).DAP
for both 2002-03 and 2003-04 years of investigation, while lowest number of nodes
Was recorded by T1 treatment at 180 (140.00 and 149.90, respectively) and 210
(148.41 and 152.40, respectively) DAP for both 2002-03 and 2003-04. Further, the

reatmerits T3 (172.67), T6 (169.63) and T8 (172.43) at 180 DAP during 2003-04;



T8 (176.40) at 210 DAP during 2003-04 were found to be on a par with T7

treatment.
4.2.4 Number of leaves

Results on the effect of INM treatments on number of leaves per plant at
different growth stages are presented in Table 21. The leaf number Was“ observed to
increase from 23.58 to 141.70 during 2002-03 and from 23.94 to 152.88 during
2003‘04 with an increase in the crop ape from 30 (o 150 DAT However, decrease in
the leaf number was observed from 114.42‘ to 104.31 during 2002-03, and from
126.01 to. 103.25 during 2003-04 with an increase in the crop age from 180 to
210 DAP. Further, greater number of leaves per plant were in general noticed during

2003-04, compared to 2002-03 at all the growth stages studied, except at 210 DAP.

The INM treatments studied in the present investigation were observed to be
non-significant with regards to their influence on number of leaves per plant at
30 DAP during 2002-03 and 2003-04. However, a significant influence of the

treatments was observed at all other growth stages studied.

At 60 DAP, T7 tréatment had recoded highest number of leaves per plant
during 2002-03 (54.77) and 2003-04 (56.36). The treatments, T3 (51.47), T4
(52.07), T6 (50.60) ahd T8 (54.41) during 2002;03 had also recorded number of
leaves per plant on a par with T7 treatment. However, T13 during 2002-03 (34.33)

and 2003-04 (38.95) had recorded lowest number of leaves per plant.

At 90 DAP, T7 treatment had recorded highest number of leaves per plant
during 2002-03 (112.62) and 2003-04 (113.12). The treatment, T8 during 2002-03

(“0-1’9) and 2003-04 (109.85) had also recorded number of leaves per plant on a
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par with T7 .treﬁatment. Further, lowest leaves per plant were recorded for T13
treatment during 2002-03 (76.00) and 2003-04 (88.06).

The treatment, T7 has also recorded highest number of leaves per plant at
120 DAP during both 2002-03 (140.10) and 2003-04 (142.87). Further, the
treatments, T3 (136.85) during 2002-03 and T8 (138.50) during 2003-04 were
observed to be on a par with T7 treatment. Lowest number of leaves per plant was
recorded by the treatment T1 (123.40) during 2002-03 and T13 (123 29) during
2003-04. |

At 150 DAP also, T7 treatment had recorded highest number of leaves per
plant durihg 2002-03 (155.61) and 2003-04 (164.53). The treatments, T3 (148.45),
T4 (150.28), T6 (146.29) and T8 (153.93) during 2002-03; and T3 (160.38), T6
(156.52) and T8 (162.75) during 2003-04 had also recorded number of leaves per
plant on a par with T7 treatment. Further, lowest number of leaves per plant was

recorded by T1 treatment during both 2002-03 (128.87) and 2003-04 (136.36).

T7 treatment had also recorded highest number of leaves per i;)lant at 180
DAP during 2002-03 (124.40) and 2003-04 (137.37). Further, the treatments, T3
(120.73) and T6 (122.83) during 2002-03; T3 (132.42) and T8 (135.64) during
2003-04 had recorded number of leaves per plant on a par with T7 treatment. Lowest
number of leaves per plant was recorded was recorded by T1 treatment during both

2002-03 (100.20) and 2003-04 (112.40).

At 210 DAP, T7 treatment had recorded highest number of leaves per plant
during 2002-03 (118.13) and 2003-04 (116.63). Further, T3 (110.67) and T8

(112.13) treatment had recorded number of leaves on a par with T7 treatment during



2003-04. Lowest number of leaves per plant was recorded with T1 treatment during

poth 2002-03 (93.17) and 2003-04 (89.57).
'4.2.5 Leaf area

The results are presented in Table 22. An increase in leaf area/plant with
increase in the crop age was observed up to 150 days after planting during both
years of investigation. However, at later growth stages, leaf area decreased with an
increase i the crop ape. The application of THNM ireatinenis was aiso observed i

exert a significant influence on the leaf area per plant at all the growth stages

studied.

Among the treatments, T7 had consistently recorded highest leaf area.at all
the growth stages during 2002-03 (2008 cm® at 30 DAP, 4711 cm® at 60 DAP,
22601 cm? at 90 DAP, 25000 cm? at 120 DAP, 35855 cm? at 150 DAP, 27994 cm?
at 180 DAP and 19547 cm?® at 210 DAP) and 2003-04 (1737 cm?® at 30 DAP,
4860 cm? at 60 DAP, 20857 cm?” at 90 DAP, 26904 cm? at 120 DAP, 29683 cm? at
150 DAP, 25820 cm®at 180 DAP and 18535 cm” at 210 DAP ). The treatments,
T8 (1917 cm?) at 30 DAP; T3 (4495 cm?), T4 (4494 cm?), T6 (4626 cm?) and T8
(4696 cm?) at 60 DAP; T8 (22013 cm?) at 90 DAP; T3 (24747 cm?), T4
(23702 cm?), T6 (23437 cm?) and T8 (23983 cm?) at 120 DAP; T8 (34148 cm?) at
150 DAP; T3 (26730 cm?) and T6 (25782 cm®) at 180 DAP; and T4 (18673 cm?),
T6 (17937 cm?) and T8 (18508 cm?) at 210 DAP had recorded leaf area per plant on
a par with T7 treatment during 2002-03; while T2 (1558 cm?), T3 (1679 cm?), T4
(1649 cm?), T6 (1674 cm?) and T8 (1728 cm?) at 30 DAP; T3 (28448 cm?), T6

(28208 cm?) and T8 (28689 cm?) at 150 DAP; T3 (23837 cm?) and T8 (23963 cm?)
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at 180 DAP; and T3 (17484 cm?), T4 (17361 cm?) and T11 (16857 cm?) at 210
DAP had recorded leaf area on per with the best treatment (T7) during 2003-04.
" However, lowest leaf area was recorded by T13 treatment at 30, 60, 90 and 120
DAP during 2002-03 (1213 cm?, 2172 cm?, 14131 cm” and 19963 cm?, respectively)
and 2003-04 (1061 cm?, 2433 cm?, 13411 cm”® and 18970 cm?, respectively), while

T1 treatment had recorded lowest leaf area per plant at 150, 180 and 210 DAP

during 2002-03 (25446 cm® 18658 em? and 15227 em?, respectively) and 2007.04

(23091 cm?, 19073 cm? and 12420 cm?, respectively).
4.2.6 Leaf area index

The experimental results are presented in Table 23. An increase in leaf area
index was observed with an increase in the crop age up to 150 DAP. However, at
later stages of the crop growth (180 and 210 DAP) a decrease in the leaf area index
was noticed with increase in the crop age. Further, leaf area index was in general
observed to be higher during 2002-03, compared to 2003-04 at different growth

stages studied, with the exception of leaf area index at 30 DAP.

The application of various INM treatments to resulted in a significant
influence on leaf area index per plant at all the crop growth stages studied. T7
treatment had recorded highest leaf area index af 30 (0.248), 60 (0.582), 90 7(2.790),
120 (3.086), 150 (4.427), 180 (3.456) and 210 (2.413) DAP during 2002-03; and 30

(0215), 60 (0.600), 90 (2.575), 120 (3.321), 150 (3.664), 180 (3.188) and 210

(2.288) DAP during 2003-04. Further, the treatments T8 (0.237) at 30 DAP; T3

(0.555), T4 (0.555), T6 (0.571) and T8 (0.580) at 60 DAP; T8 (2.718) at 90 DAP;

- T3(3.055), T4 (2.926), T6 (2.893) and T8 (2.961) at 120 DAP; T8 (4.216) at 150
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DAP; T3 (3.300) and T6 (3.183) .at 180 DAP; and T4 (2.305), T6 (2.214) and T8
(2.285) at 210 DAP during 2002-03; and T2 (0.192), T3 (0.207), T4 (0.204), T6
(0.207) and T8 (0.213) and T9 (0.182) at 30 DAP; T3 (3.512), T6 (3.482) and T8
(3.542) at 150 DAP; T3 (2.943) and T8 (2.958) at 180 DAP; and T3 (2.159), T4
(2.143) and T11 (2.081) at 210 DAP during 2003-04 had recorded leaf area index
on a par with T7 treatment. However, lowest leaf area index was recorded byT13
treatment at 30 (0.150 and 0.131), 60 (0.268 and 0.300) 90 (1 744 mﬁ 1.656) and
120 (2.465 and 2.342) DAP during 2002-03 and 2003-04, respectively; while T1
treatment had recorded lowest leaf area index at 150 (3.141 and 2.851), 180 (2.303
and 2.355) and 210 (1.880 and 1.533) DAP during 2002-03 and 2003-04,

respectively.
4.2.7 Total dry matter production

The results are presented in Table 24. An increase in total dry matter
production was observed with an increase in the crop age. Further, total dry matter
production was noticed to be higher during 2003-04, compared to 2002-03 at all the
growth stages studied in the present investigation. The effect of different INM
treatments was also observed to be significant at all the growth stages. Highest total
dry matter prbduction was recorded unifdrmly by T7 treatment at 30 (0.26 t/ha), 60
(0.99 t/ha), 90 (2.74 t/ha), 120 (5.76 t/ha), 150 (11.67 t/ha) and 180 (14.90 t/ha)
DAp during 2002-03; and 30 (0.27 t/ha), 60 (1.05 t/ha), 90 (2.90 t/ha), 120 (6.10
tha), 150 (12.35 t/ha) and 180 (15.76 t/ha) DAP during 2003-04. T8 treatment had
also recorded highest dry matter production at 30 DAP during 2002f0;7» (0.26 t/ha)

aﬂﬁ 2003-04 (0.27 t/ha); and at 90 DAP during 2002-03 (2.74 t/ha) and 2003-04
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(2.90 t/ha). Further, T3 (0.25 t/ha), T4 (0.24 t/ha), T6 (0.25 t/ha) and T9 (0.25 t/ha)
at 30 DAP; T3 (0.97 t/ha), T4 (0.97 t/ha), T6 (0.96 t/ha), T8 (0.98 t/ha) ;md T9 (0.95
“t/ha) at 60 DAP; T2 (2.62 t/ha), T3 (2.69 t/ha), T4 (2.70 t/ha), TS5 (2.61 t/ha), T6
(2.68 t/ha) and T9 (2.64 t/ha) at 90 DAP; T3 (5.51 t/ha), T4 (5.52 t/ha), T6 (5.56
t/ha), T8 (5.72 t/ha) and T9 (5.53 t/ha) at 120 DAP; T3 (10.86 t/ha), T4 (10.96 t/ha),
T6 (10.85 t/a), T8 (11.44 t/ha) and T9 (10.74 t/ha) at 150 DAP; and T3
(14.25 t/]{a,)j T4 (1451 t/ha), T6 (14.25 t/ha), T8 (14 69 t/ha), TO (1422 t/ha), T11
(13.99 t/ha) and T12 (14.01 t/ha) at 180 DAP during 2002-03; T2 (0.24 t/ha), T3
(0.26 t/ha), T4 (0.26 t/ha), TS5 (0.24 t/ha), T6 (0.26 t/ha) and T9 (0.26 t/ha) at 30
DAP; T3 (1.02 t/ha), T4 (1.02 t/ha), T6 (1.02 t/ha), T8 (1.04 t/ha) and T9 (1.00 t/ha)
at 60 DAP; T2 (2.78 t/ha), T3 (2.85 t/ha), T4 (2.85 t/ha), TS (2.76 t/ha), T6
| (2.84 t/ha) and T9 (2.80 t/ha) at 90 DAP; T3 (5.83 t/ha), T4 (5.84 t/ha), T6 (5.88
t/ha), T8 (6.05 t/ha) and T9 (5.85 t/ha) at 120 DAP; T3 (11.49 t/ha), T4 (11.59 t/ha),
T6 (11.48 t/ha), T8 (12.10 t/ha) and T9 (11.36 t/ha) at 150 DAP; and T3
(15.08 t/ha), T4 (15.35 t/ha), T6 (15.07 t/ha), T8 (15.55 t/ha), T9 (15.05 t/ha), T11
(14.80 t/ha) and T12 (14.83 t/ha) at 180 DAP during 2003-04 had recorded total dry
matter production on a par with T7 treatment. However, lowest\ dry matter
production was recorded by Tl treatment at 30, 60, 90, 120, 150 and 180 DAP
during 2002-03 (0.21 t/ha, 0.68 t/ha, 2.21 t/ha, 5.01 t/ha, 8.29 t/ha and 11.53 t/ha,
respectively); and 2003-04 (0.22 t/ha, 0.72 t/ha, 2.34 t/ha, 5.30 t/ha, 8.77 t/ha and
12.20 t/ha, respectively). In addition, T10 (0.21 and 0.22 t/ha, respectively) and T13
(0.21 and 0.22 t/ha, respectively) had also recorded lowest dry matter production at

30 DAP during 2002-03 and 2003-04.



4.2.8 Dry matter partitioning at harvest
The results are presented in Table 25 and Fig.11.
4.2. 8.1 Stem dry matter

The stem dry matter was in general observed to be higher during 2003-04
(4.80 t/ha), compared to 2002-03 (4.31 t/ha). Significant influence of the INM
treatments studied in the present investigation was also observed during both the
years of wvestigation. T/ freatment had recorded highicst stein diy iatler (4.90 t/ha-
and 5.20 t/ha, respectively), while T1 treatment had recorded lowest stem dry matter
(3.56 t’ha and 4.46 t/ha, respectively), during 2002-03 and 2003-04. The treatments,
T3 (4.64 t/ha), T4 (4.59 t/ha), T6 (4.65 t/ha), T8 (4.78 t/ha) and T9 (4.54 t/ha) during
2002-03; and T3 (5.07 t/ha) T6 (5.18 t/ha), T8 (5.04 t/ha), T9 (5.01 t/ha) and T11

(4.79 t/ha) during 2003-04 had recorded stem dry matter on a par with T7 treatment.
4.2.8.2  Leaf dry matter

Leaf dry matter was noticed to be higher during 2003-04 (3.13 t/ha),
compared to 2002-03 (3.07 t/ha). The different INM treatments studied in the
present investigation exerted a significant influence on the leaf dry matter. TherT7
treatment had recorded highest leaf dry matter (3.40 t/ha and 3.58 t/ha, respeqtively),
while T1 treatment had recorded lowest leaf dry matter (2.76 t/ha and 2.80 t/ha,
respectively), during 2002-03 and 2003-04. The treatments, T3 (3.23 t/ha), T6
(3.24 t/ha) and T11 (3.19 t/ha) during 2002-03; and T3 (3.41 t/ha) and T4 (3.36 t/ha)

during 2003-04 had also recorded leaf dry matter on a par with T7 treatment.
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Fig.11. Drymatter partitioning in cassava at harvest as influenced by integrated
nutrient management under irrigated conditions




4.2.8.3 Tuber dry matter

Greater tuber dry matter was noticed during 2003-04 (9.32 t/ha), compared to
2002-03 (8.71 t/ha). Significant influence of 'INM treatments was also recordeci by
“the character during both the years of investigation. T7 treatment had recorded
highest tuber dry matter (11.56 t/ha and 12.38 t/ha, respectively), while T1 had
recorded lowest tuber dry matter (5.04 t/ha and 5.40 t/ha, respectively), during
200203 and 2003-04. Further, T3 (10 08 t/ha), T4 (290 t/ha) T4 (062 t/ha) and
T8 (11.29 t/ha) during 2002-03; and T3 (10.90 t/ha), T4 (10.60 t/ha), T6 (10.30 t/ha)
and T8 (12.09 t/ha) during 2003-04 had recorded tuber dry matter on a par with T7

treatment.
4.2.8.4 Total dry matter

Higher total dry matter was recorded during 2003-04 (17.25 t/ha), compared
to 2002-03 (16.10 t/ha). Further, the INM treatments had significantly influenced
total dry matter production during both 2002-03 and 2003-04. ~Among the
treatments, T7 had recorded highest total dry matter (19.86 t/ha and 21.16 t/ha,
respectively), followed by T3 (17.95 t/ha and 19.38 t/a, respectively) and T8
treatments (19.21 t/ha and 20.24 t/ha, respectively), while T1 had recorded lowest
total dry matter (11.36 t/ha and 12.66 t/ha, respectively), durihg 2002-03 and

2003-04.
42.9 Crop growth rate (CGR)

The results are presented in Table 26. An increase in the crop®growth rate
Was noticed in the present investigation with an increase in the crop age upto 150

DAP. However, at later stages, the CGR decreased with increasing crop age.
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Further, greater CGR was in general noticed during 2003-04, compared to 2002-03
at the different growth stages studied. The influence of different INM treatments
' studied in the present investigation was also found to be non-significant at 30-60
DAP, 60-90 DAP, 150-180 DAP and 180-210 DAP. However, significant influence

of the treatments was recorded at 90—120 DAP and 120-150 DAP.

Among the treatments, T7 had recorded highest CGR during 2002-03 (10.07
¢ m?day™) and 2003-04 (10.66 g m>day™) at 90-120 DAP. The treatments, T2 (9.87
g m2day™), T3 (9.92 g m?day™), T4 (9.67 g m™day™), T6 (9.57 g m™day™), T8 (9.94
g m>day™), T9 (9.64 g m>day™), T10 (9.58 g m™day™) and T11 (9.6i g m?day™)
during 2002-03; and T2 (10.32 g m>day™), T3 (10.46 g m>day™), T4 (10.25 g
m? day™), T5 (10.13 g m>day™), T6 (10.52 g m>day™), T8 (10.34 g m>day™), T9
(10.20 g m>day™), T10 (10.14 g m™>day™), T11 (10.21 g m>day™) and T12 (10.11 g
m”day™) during 2003-04 had also recorded CGR on a par with T7 treatment.
However, lowest CGR was recorded for T1 treatment during 2002-03 (8.82 g m”
*day™) and 2003-04 (9.33 g m™day™) at 90-120 DAP.

At 120-150 DAP, highest CGR was observed for T7 treatment during
2002-03 (19.83 g mday™) and 2003-04 (20.98 g m™day™). Further, the treatments,
T2 (1691 g m*day"), T3 (18.12 g m?day™"), T4 (17.83 g m’day"'), T5
(16.57 g m?day™), T6 (19.65 g m™day™), T8 (19.21 g m™day™), T9 (19.06 g m™
day™") and T11 (16.84 g m>day™) during 2002-03; and T3 (18.86 g m>day™), T4
(19.18 g m2day™), T6 (18.68 g m>day"), T8 (20.01 g m™day™) and T9 (18.37 g

m’day™) during 2003-04 had recorded CGR on a par with T7 treatment. T1



treatment had recorded lowest CGR during 2002-03 (10.91 g m'2day']) and 2003-04
(11.55 g m™day™).
'4.2.10 Net assimilation rate (NAR)

The results are presented in Table 27. The influence of dii‘ferent INM
treatments studied in the present investigation on NAR, at 30-60 DAP, 60-90 DAP,
150-180 DAP and 180-210 DAP was non-significant, while the effect at 90-120
DA and 126150 AR was signtticant. |

At 90-120 DAP, T7 treatment had recorded highest NAR during 2002-03
(7320 g m?day') and 2003-04 (7.590 g m~day™). Further, lowest NAR was

“recorded by T1 (4.870 g m~day™) during 2002-03 and 2003-04 (5.010 g m*day™).

At 120-150 DAP also, T7 had recorded highest NAR during both 2002-03
(10.450 g m™day™) and 2003-04 (12.840 g m™day™). The treatments, T3 (10.420 g
m?day™), T6 (10.050 g m?day™), T8 (10.380 g m>day") and T10 (10.120 g m™
day™) during 2002-03; and T3 (12.560 g m™day™), T6 (12.230 g m™day™), T8
(12.760 g m? day™) and T9 (12.490 g m™day™) during 2003-04 had recorded NAR
on a par with T7 treatmént. Further, T1 had recorded lowest NAR during both
2002-03 (6.690 g m™?day™") and 2003-04 (8.930 g m>day™).

42.11 Shoot/root ratio

The results are presented in Table 28. A significant influence of the
treatments studied was observed on shoot/root ratio during 2002-03 and 2003-04. T1
treatment had recorded highest shoot/root ratio during 2002-03 (1 .48) and 2003-04
(145), while lowest shoot/root ratio was recorded by T7 during both 2002-03 (0.63)

and 2003-04 (0.62). Further, T8 had also recorded lowest shoot/root ratio during

LRSS
P4
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Table 28 : Shoot /root ratio in cassava as influenced by integrated nutrient

management under irrigated conditions

Shoot/root ratio

Treatments 02-03 03-04 Mean
T, (RDF) 1.48 ian
T, (RDF+EYM) 1.04 1.01 1.03
T, (RDF+FYM+AZOS) 0.77 0.75 0.76
T, (/3 ROF+FYM+AZOS) 0.74 0.81 0.78
Ts ('/, RDF+FYM+AZOS) 1.14 1.11 1.13
T, (RDF+VC) 0.79 0.77 0.78
T, (RDF+VC+AZ0S) 0.63 0.62 0.63
Ty (2/3 RDF+VC+AZOS) 0.69 0.62 0.65
Ty ('/; RDF+VC+AZOS) 0.90 0.87 0.88
Tio (RDF+GM) 1.02 1.02 1.02
T,; (RDF+GM+AZOS) 0.85 0.81 0.83
Ti2 (/3 RDF+GM+AZOS) 1.13 0.82 0.98
T.3 ('/, RDF+GM+AZOS) 1.07 1.05 1.06
General Mean 0.94 0.90

S.Em 0.12 0.13

C.D (0.05) 0.35 0.38




2003-04 (0.62). The treatments, T3 (0.77), T4 (0.74), T6 (0.79), T8 (0.69), T9 (0.90)
and T11 (0.85) during 2002-03; and T3 (0.75), T4 (0.81), T6 (0.77), T9 (0.87), T11
- (0.81) and T12 (0.82) during 2003-04 had also recorded shoot/root ratio on a par

with T7 treatment.
4.2.12 Yield and yield attributes

The experimental results obtained with regards to the effect of different INM
treatimciis on nuinber of tubers per plant, tuber tengih, tuber girth, fuber weight per
plant and yield per hectare are presented in Table 29.

4.2.12.1 Number of tubers per plant

The number of tubers per plant was in general observed to be higher during
2003-04 (8.61), compared to 2002-03 (8.50). A significant influence of the different
treatments studied in the present investigation was also observed on number of
tubers per plant during 2002-03 and 2003-04. Among the treatments, T7 had
recorded highest number of tubérs per plant during both 2002-03 (9.21) and 2003-04
(9.17). The treatments, T3 (8.81), T6 (8.82) and T8 (9.00) during 2002-03, and T3
(8.73), T4 (8.70), T6 (9..01), T8 (8.95) and T9 (8.86) during 2003-04 had also
recorded number of tubers ber plant on a par with T7 treatment. Lowest number of

tubers per plant was recorded by T1 during 2002-03 (7.42) and 2003-04 (8.00).
4.2.12.2 Tuber length

Tuber length was in general observed to be higher during 2003-04
(27.40 cm), compared to 2002-03 (27.29 cm). A significant influence of the different
treatments studied in the present investigation was also observed on tuber length

during 2002-03 and 2003-04. Among the treatments, T7 had recorded highest tuber
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Fig. 12. Tuber yield (tonnes/ha) of cassava as influenced by integrated nutrient
management under irrigated conditions




Jength during both 2002-03 (30.12 cm) and 2003-04 (31.16 cm). The treatments, T3
(29.10 cm), T6 (28.92 cm), T8 (29.24 cm) and T11 (27.89 cm) during 2002-03; and
‘T3 (28.44 cm), T4 (28.15 cm), T6 (29.30 cm), T8 (30.08 cm) and T9 (28.64 cm)
during 2003-04 had also recorded tuber length on a par with T7 treatment. Lowest
tuber length was recordéd by T1 during 2002-03 (23.11 cm) and 2003-04

(22.85 cm).
4.2.12.3  Tuber diameter

Tuber diameter was in general observed to be higher during 2003-04
(9.96 cm), compared to 2002-03 (9.29 cm). Further, a significant inﬂﬁence of the
INM treatments was observed for the character. Among the treatments, T7 had
recorded highest tuber girth during both 2002-03 (10.46 cm) and 2003-04
(10.87 cm). Further, the treatments T3 (9.89 cm), T4 (9.58 cm), TS (9.37 cm), T6
(9.25 cm), T8 (10.38 cm) and T9 (9.93 cm) during 2002-03; and T2 (10.03 cm), T3
(10.46 cm), T4 (9.87 cm), TS5 (9.83 cm) T6 (10.13 cm), T8 (10.31 cm), T9
(10.15 cm), Tﬂ (10.18 cm) and T12 (9.98 cm) during 2003-04 had recorded tuber
diameter on a par with T7 treatment. T1 treatment had recorded lowest tuber

diameter during both 2002-03 (8.28 cm) and 2003-04 (8.47 cm).
4.212.4 Fresh to dry weight of tubers |

Fresh to dry weight of tubers was observed to range from 32.16 (T1) to 36.54
per cent (T7) with a mean of 34.23 per cent during 2002-03 and from 32.98 (T1) to
37.06 per cent (T7) with a mean of 34.91 per cent. However, different INM

treatments studied in the present investigation did not exert any significant influence

00 tuber dry mater content dﬁring both the years of study.
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4.2.12.5 Tuber weight per plant

Higher tuber weight per plant was in general observed to be higher during
2003-04 (2.75 kg), compared to 2002-03 (2.69 kg). Further, a significant effect of
the different INM treatments studied was observed for the cha.mcter.~Among the
treatments, T7 had recorded highest tuber weight per plant during both 2002-03
(3.36 kg) (Platc 4) and 2003-04 (3.21 kg) (Plate 5). Further, the treatments
T3 (2.89 kg), T4 (2.84 kg), T8 (3.27 kg) and T11 (2.81 kg) during 2002-03; and T2
(2.76 kg), T3 (2.90 kg), T4 (2.92 kg), T6 (3.04 kg), T8 (3.17 kg), T9 (2.93 kg) and
T11 (2.77 kg) during 2003-04 had also recorded tuber weight per plant on a par with
T7 treatment. Lowest tuber weight per plant was recorded by T1 treatment during

both 2002-03 (1.87 kg) and 2003-04 (1.93 kg).
4.2.13 Yield per hectare

The tuber yield (Table 29 and Fig.12) was in general noticed to be higher
during 2003-04 (31.83 t), compared to 2002-03 (28.54 t). ]Further, a significant
influence of the different INM treatments studied in the present investigation was
recorded for the characttef. Among the treatments, T7 had recorded highest tuber
yield per hectare during both 2002-03 (35.49 t) and 2003-04 (37.10 t). The
treatment, T8 (33.12 t) during 2002=@3; and T3 (35.01 t), T6 (34.78 t) and T8
(36.17 1) during 2003-04 had recorded tuber yield per hectare on a par with T7
treatment. However, T1 treatment had recorded lowest yield per hectare during both

2002-03 (21.71 t) and 2003-04 (25.24 1).
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4.2.14 Quality attributes

The results pertaining to influence of the different INM treatments on quality
~ attributes namely, starch content, hydrocyanin content, crude fibre content and

‘cooking time are presented in Table 30.

4.2.14.1 Starch content

The starch content of cassava was in general noticed to be higher during
2003-04, compared to 2002-03. Further, the starch content under di;"ferent-ﬂ\IM
treatments was observed to range frorﬁ 28.07 per cent (T1) to 33.04 per cent (T7)
with an average of 30.76 per cent during 2002-03; and from 28.80 per cent (T1) to
33.55 per cent (T7) with an average of 31.66 per cent during 2003-04. However, the
effect of different INM treatments on starch content of cassava was noticed to be
non-significant. (Fig.13).
4.2.14.2 Hydrocyanin content (HCN)

The HCN content of cassava tuber was in general observed to be higher
during 2003-04 (37.82 pg/g), compared to 2002-03 (37.15 pg/g). Furthef, the
hydrocyanin content was observed to range from 35.35 pg/g (T11) to 39.58 ng/g
(T2) during 2002-03; and 35.44 pg/g (T1) to 38.65 pg/g (T8) during 2003-04.
However, the influence of different INM treatments on HCN content of cassava
tubers was observed to be non-significant during both the years of investigation
(Fig.13).

4214.3  Crude fibre content

Crude fibre content of cassava tuber was observed to range from

0.59 per cent (T5) to 0.80 per cent (T11) with an average of 0.69 per cent during
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2002-03; and from 0.57 per cent (T4) to 0.91 per cent (T6) with an average of 0.71
per cent during 2003-04. However, the effect of different INM treatments on crude
fibre content of cassava tubers was observed to be non-significant.

4.2.14.4 Cooking time

Cooking time of the tubers was observed to range from 27.33 (T13) to 31.33
(T3) minute;s with an average of 29.31 minutes during 2002-03; and from 28.00
(T10) to 30.00 (T3 and T12) minutes with an average of 2013 minutes during
2003-04. However, the effect of different INM treatments on cooking time of

cassava tuber was observed to be non-significant.
4.2.15 Nitrogen uptake

The 'experimental results regarding influence of different INM treatments on
nitrogen uptake by cassava stem, leaf and tuber in addition to total uptake during

2002-03 and 2003-04 years of study are presented in Table 31 and Fig.14.
4.2.15.1 Stem

INM treatments were noticed to significantly influence nitrogen uptake by
cassava stem. Among tﬁe treatments, T7 had recorded highest nitré)gen uptake
(67.53 kg/ha and 69.29 kg/ha, respectively), while T1 had recorded lowest nitrogen
“uptake (45.40 kg/ha and 45.65 kg/ha, respectively) dﬁring 2002-03 and 2003-04.
The treatments, T3 (59.40 kg/ha), T6 (60.59 kg/ha), T8 (65.89 kg/ha), T9

(63.02 kg/ha), T10 (58.93 kg/ha), T11 (60.81 kg/ha) and T12 (61.28 kg/ha) during
| 2002-03; and T6 (61.80 kg/ha), T8 (65.41 kg/ha) and T11 (62.29 kg/ha) during

2003-04 had recorded nitrogen uptake on a par with T7 treatment.
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4.2.15.2 Leaf

Significant influence of different INM treatments imposed in the present
- study was observed on nitrogen uptake by cassava leaf during both 2002-03 and
2003-04 years of investigation. Nitrogen uptake by cassava leaf was observed to be
higher during 2003-04 (73.84 kg/ha), compared to 2002-03 (68.84 kg/ha). Among
the treatments, T7 had recorded highest nitrogen uptake (80.85 kg/ha and 86.75
kg/ha, respectively), while T1 had recorded lowest nitrogen uptake (54.97 kg/ha and
60.73 kg/ha, respectively) during 2002-03 and 2003—04; T6 (86.75 kg/ha) had also'
recorded highest uptake during 2003-04. Further, the treatments, T3 (72.13 kg/ha),
T6 (71.51 kg/ha) and T8 (77.18 kg/ha) during 2002-03; and T4 (76.00 kg/ha), TS
(74.32 kg/ha), T8 (79.12 kg/ha), T9 (86.61 kg/ha) and T10 (82.28 kg/ha) during

2003-04 had recorded nitrogen uptake on a par with T7 treatment.
4.2.15.3 Tuber

The different INM treatments studied in the present investigation were
observed to exert a significant influence on the nitrogen uptake by cassava tuber
during both 2002-03 and 2003-04 years of investigation. Among the treatments, T7
had recorded highest nitrogen uptake (96.72 kg/ha and 98.54 kg/ha, respectively),
while T1 had recorded lowest nitrogen uptake (45.04 kg/ha and 4}8.10' kg/ha,
respectively) during 2002-03 and 2003-04. The treatments, T3 (90.77 kg/hé), T4
(85.68 kg/ha), T6 (84.62 kg/ha) and T8 (92.13 kg/ha) during 2002-03; and T2
~ (83.43 kg/ha), T3 (92.15 kg/ha), T4 (87.94 kg/ha), T6 (87.36 kg/ha) and T8
(93.49 kg/ha) during 2003-04 had recorded nitrogen uptake on a par with T7

treatment,
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4.2.15.4 Total

A significant influence of different INM treatments studied was observed on
total nitrogen uptake by cassava during both 2002-03 and 2003-04 byears of
investigation. Among the treatments, T7 had recorded highest nitrogen uptake
(245.10 kg/ha and 254.58 kg/ha, respectively), while T1 treatment had recorded
jowest nitrogen uptake (145.41 kg/ha and 154.48 kg/ha, respecti\}ely) during
2002-07 and 700’?'@{! vears of investigation. Purther, ihe teatments, 13 {22236
kg/ha), T4 (212.00 kg/ha), T6 (216.72 kg/ha) and T8 (235.20 kg/ha) during 2002-03;
and T6 (235.91 kg/ha) and T8 (238.02 kg/ha) during 2003-04 had also recorded

uptake on a par with T7 treatment.
42.16  Phosphorous uptake

The experimental results regarding influence of different INM treatments on
phosphorous uptake by cassava stem, leaf and tuber in addition to total uptake

during 2002-03 and 2003-04 years of study are presented in Table 32 and Fig.15.
4.2.16.1 Stem

Phosphorous uptake by cassava stem was observed to be significantly
influenced by the different INM treatments. Higher phosphorous uptake was
recorded during 2003-04 (16.62 kg/ha), compared to 2002-03 (15.96 kg/ha). Among
the treatments, T7 had recorded highest phosphorous uptake (18.81 kg/ha and 19.94
kgha, respectively), while T13 had recorded lowest phosphorous uptake
(13.92 kg/ha and 14.16 kg/ha, respectively) during 2002-03 and 2003-04 yedrs of
Study. Further, T2 (15.53 kg/ha), T3 (17.17 kg/ha), T4 (16.18 kg/ha),' T5 (15.81

- kgha), T6 (17.93 ke/ha), T8 (17.33 kg/ha) and T9 (16.86 kg/ha) during 2002-03;
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and T3 (17.94 kg/ha), T8 (18.11 kg/ha) and T9 (17.83 kg/ha) during 2003-04 had

recorded phosphorous uptake on a par with T7 treatment.
' 4.2.16.2 Leaf

A significant influence of the different INM treatments imposed in the
present investigation was observed on phosphorous uptake by cassava leaf during
both 2002-03 and 2003-04 years of investigation. Higher phosphorous uptake by
cassava leaf was observed during 2003.04 (10.7% kg/ha), compared o 2002-03
(9.31 kg/ha). Among the treatments, T7 had recorded highest uptake (11.36 kg/ha
and 12.19 kg/ha, respectively), while T13 had recorded lowest uptake (7.63 kg/ha
and 9.03 kg/ha, respectively) during 2002-03 and 2003-04. Further, T3 (11.21 kg/ha)
and T4 (10.45 kg/ha) during 2002-03; and T3 (11.53 kg/ha), T4 (11.19 kg/ha), T6
(11.08 kg/ha), T8 (11.87 kg/ha), T9 (11.29 kg/ha) and T11 (10.89 kg/ha) during

2003-04 had recorded phosphorous uptake on a par with T7 treatment.
4.2.16.3 Tuber

INM treatments studied in the present investigation had exerted significant
influence on phosphorous»uptake by cassava tuber during both 2002-03 and 2003-0’4
years of investigation. Higher phosphorous uptake was observed during 2003-04
(16.11 kg/ha), compared to 2002-03 (14.09 kg/ha). Among the treatments, T7 had
recorded highest uptake (20.42 kg/ha and 23.24 kg/ha, respectively), while T13 had
recorded lowest uptake (7.00 kg/ha and 8.27 kg/ha, respectively) during both 2002-
03 and 2003-04 years of investigation. Further, T3 (18.27 kg/ha), T4 (15.42 kg/ha),

T6 (16.84 kg/ha), T8 (18.19 kg/ha) and T9 (16.72 kg/ha) during 2002-03; and T3

P
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(18.19 kg/ha), T6 (19.21 kg/ha), T8 (21.47 kg/ha) and T9 (19.08 kg/ha) during

2003-04 had recorded phosphorous uptake on a par with T7 treatment.
4.2.16.4 Total

INM treatments studied in the present investigation had recorded a
significant influence on total phosphorous uptake during both 2002-03 and 2003-04
years of study. Total phosphorous uptake was observed to be higher during 2003-04
(43.52 kg/ha), compared to 200203 (39.36 ke/ha). Among the treatinenis, T7 had
recorded highest phosphorous uptake (50.59 kg/ha and 55.37 kg/ha, respectively),
while T13 had recorded lowest uptake (28.55 kg/ha and 31.46 kg/ha, respectively).
during both 2002-03 and 2003-04. Further, T3 (46.65 kg/ha) and T8 (45.62 kg/ha)
during 2002-03; and T8 (51.45 kg/ha) during 2003-04 had recorded phosphorous

uptake on a par with T7 treatment.
4.2.17 Potassium uptake -

The experimental results regarding influence of different INM treatments on
potassium uptake by cassava stem, leaf and tuber in addition to total uptake during

2002-03 and 2003-04 years of study are presented in Table 33 and Figure 16.
42171 Stem

The INM treatments had exerted a significant influence on potassium uptake
by cassava stem during 2002-03 and 2003-04 years of investigation. Higher
Potassium uptake was noticed during 2003-04 (61.52 kg/ha), compared to 2002-03
(48.92 kg/ha). Among the treatments, T7 had recorded highest potassium uptake
(33.17 kg/ha and 71.60 kg/ha, respectively), while T13 had recorded lowest

- Potassium uptake (45.32 kg/ha and 48.77 kg/ha, respectively) during 2002-03 and
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2003-04 years of study. Further, T3 (50.64 kg/ha), T6 (51.12 kg/ha) and T8 (51.86
kg/ha) during 2002-03; and T3 (68.77 kg/ha) and T8 (69.82 kg/ha) during 2003-04

had recorded potassium uptake on a par with T7.

42172 Leaf

2
The significant influence of INM treatments studied in ‘the present

investigation was noticed on potassium uptake by cassava leaf during both 2002-03
and ’iOOK 04 years of study. Potassinm uptake by cassava leal was observed 1o be
higﬁer during 2003-04 (23.28 kg/ha), compared to 2002-03 (21.20 kg/ha). Among
the treatments, T7 had recorded highest potassium uptake (26.98 and 28.97 kg/ha,
respectively), while T13 treatment had recorded lowest uptake (16.98 and 19.05
‘.kg/ha, respectively) during 2002-03 and 2003-04 years of investigation. Further, the
treatments, T6 (24.45 kg/ha), T8 (25.56 kg/ha) and T9 (24.46 kg/ha) during
2002-03; and T3 (25.79 kg/ha), T6 (25.54 kg/ha) and T8 (27.80 ké/ha) during

2003-04 had recorded potassium uptake on a par with T7 treatment.
4.2.17.3 Tuber

The different INM'treatments studied had recorded a significant influence on
potassium.uptéke by cassava tuber during different years of study. Higher potassium
uptake by cassava tuber was observed during 2003-04 (63.13 kg/ha), compared to
2002-03 (59.71 kg/ha). Among the treatments, T7 had recorded highest uptake
(80.39 kg/ha and 86.08 kg/ha, respectively), while T13 had recorded lowest uptake

| (45.29 kg/ha and 48.50 kg/ha, respectively) during both 2002-03 and 2003-04 years
of study. Further; T8 during 2002-03 (79.64 kg/ha) and during 2003-04 (85.29

ke/ha) had recorded potassium uptake on a par with T7 treatment.
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Fig. 16. Potassium uptake (kg/ha) in cassava as influenced by integrated nutrient
management under irrigated conditions




4.2.17.4 Total

INM treatments studied in the present investigation had recorded a
significant influence on total potassium uptake by cassava during 2002-03 and
2003-04 years of investigation. Further, 2003-04 had recorded higher uptake
(147.92 kg/ha), compared to 2002-03 (129.83 kg/ha) year of study. Among the
different INM treatments studied, T7 had recorded highest uptake (160.54 kg/ha and
186.65 ko/ha, respectively), while T13 had recorded lowest untake (10752 Lp/ha
and 116.32 kg/ha, respectively) during both 2002-03 and 2003-04. Furthér, the
treatments, T8 (157.06 kg/ha) during 2002-03; and T3 (168.22 kg/ha) and T8
(182.91 kg/ha) during 2003-04 had recorded total potassium uptake on a par with T7

treatment.
4.2.18 Correlation studies

The data pertaining to correlations studies between growth and yield
attributes, nutrient uptake and tuber yield of cassava for two years 2002-03 and

2003-04 under irrigated conditions are presented in Tables 33a and 33b. \

The correlationvstudies indicated a significant positive association of various.

growth parameters such as plant height (0.944** and 0.936**, respectively), stem
girth (0.565* and 0.882**, respectively), leaves per plant ( (0.888;"* and 0.913%%*,
respectively), leaf area index ( (0.878* and 0.712**, respectively), total dry matter
(0.908** and 0.903**, respectively), and growth analysis parameters like CGR
(0.875** and 0.860**, respectively), and NAR (0.843** and 0.814**, respectively),
and yield attributes. like tubers per plant (0.935** and 0.943**, respectively), tuber

length (0.921** and 0.958*, respectively), tuber girth (0.939** and 0.876%**,
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respectively), and nutrient uptake namely N (0.571% and 0.731%*, respectively).
P uptake (0.584**), and K uptake ( (0.835** and 0.763**, respectively) during both

the years of study, except P uptake during 2002-03 with tuber yield of cassava.

4.2.19 Cost of cultivation

The cost of cultivation, gross and net returns in addition to benefit : cost ratio

of different INM treatments studied in the present investigation are presented in

Table 34 and Tios 17 and 18,

4.2.19.1 Total expenditure

The total expenditure was observed to range from Rs 11513/- (T13) to
Rs 30601/- (T7) during 2002-03 and Rs 10420/- (T13) to Rs 28414/- (T7) during
2003-04 years of investigation (Table 34). In general, treatments involving
vermicompost component recorded higher expenditure followed by farm yard

manure, compared to the treatments involving green manure component during both -

the years of study.
4.2.19.2 Gross returns

Gross returns for different INM treatments in the present investigation ranged
from Rs 39193/- (T1) to Rs 63308/- (T7) during 2002-03 and from Rs 34416/- (T1)
to Rs 50024/- (T7) lduring 2003-04. The returns were in general observed to be
higher for treatments involving vermicompost component, compared to farm yard

manure and green manure components.
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4.2.19.3 Net returns

Net returns of different INM treatments studied ranged trom Rs 18667/- (T1)
to Rs 35796/~ (T7) during 2002-03 and from Rs 16077/- (T1) to Rs 31472/- (T4)
during 2003-04. In general, the net returns were noticed to be higher for INM
treatments involving vermicompost component and farmyard manure with

Azospirillium components.

4.2.19.4 Benefit : cost ratio

The benefit : cost ratio of different INM treatments studied was observed in
the range from 1.88 (T6) to 3.71 (T13) during 2002-03 and from 1.66 (T6) to 3.47

(T13) during 2003-04.
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CHAPTER V

DISCUSSION

Cassava is an important industrial crop of Andhra Pradesh. However, it is
mostly grown on relatively poor soils under rainfed conditions to a large extent and
under irrigated conditions to a lesser extent, wherever irrigation facilities are
avallable m the upland tracts of Hast Godavari district of the State. Traditionally,
the crop is grown with the application of organic manures only (Mohankumar et al.,
2000) and the appliﬁ:ation of inorganic fertilizers to the crop is considered a luxury
(Howeler, 1980). However, cassava is a heavy feeder and requires good amounts of
nitrogen, phosphorus and potash for realization of high yields (Mitra et al., 1990).
Nayer (1994) also reported that continuous cassava cropping without adequate soil
fertility management can result in severe reduction in growth and yield of

succeeding crops in addition to deterioration of soil fertility.

Integrated use of organic manures, bio-fertilizers and inorganic fertilizers in
cassava nutrition can help to maintain optimum crop yields and lbng term .
sustainable productivity of the crop. In this context, the present investigation on
nutrient management in cassava was undertaken with various doses of recommended
inorganic fertilizers and locally available organic manures along with the bié-
fertilizer, Azospirillum for the rainfed and irrigated cropping situations of cassava
during 2002-03 and 2003-04. The results pertaining to growth, dévelopment, yield,
quality, nutrient uptake and cost of cassava cultivation obtained in the present

studies are discussed in detail in this chapter.



51 GROWTH CHARACTERS

Growth is an irreversible increase in size of plants and it is affected by
external inputs such as nutrients. The growth characters like plant height, stem
girth, ‘number of nodes and leaves per plant in addition to leaf arca and leal area
index contribute for economic yield of the crop and the results on effect of different
integrated nutrient management treatments on these growth parameters during
200205 and 2003 04, under rainfed and Urigaied sinaiions ol cassava cultivation
are discussed hereunder.

The growth characters were in general observed to increase rapidly from
60 to 150 DAP, the grand growth period involving high physiological activity and
thereafter, the increase was marginal up to harvest during both years of investigation
utider both rain fed (Tables 1-6) and irrigated situations (Tables 18-23). However,

the number of leaves, leaf area per plant and leaf arca index (Tables 4-6 and 21-23)
showed a decline at later stages of crop growth (180 and 210 DAP) due to the
senescence of older leaves. The reduced rate of increase for plant height, stem girth,
number of nodes and leaves per plant in addition to leaf area and leaf area index
beyond 120 DAP (Tables 1-6 and 18-23) may be attributed to the rapid increase iﬂ |
root growth and also because of diversion of more photosynthates from source
(leaves) to sink (root) which is a common biological phenomenon in almost all root
crops (Ravindrababu, 1999). Further, lower plant height, stem girth, number of
nodes and leaves per plant in addition to leaf area per plant and leaf area index were
in general observed at all the crop growth stages during 2002-03, compared to

2003-04 under rainfed conditions (Tables 1-6) due to the occurrence of frequent



dryspells resulting from low and erratic rainfall (Appendix I) duriﬁg the neriod
(2002-03).

In the present investigation, application of organic manures in conjunction

with bio-fertilizer and inorganic fertilizers at different levels (T2 — T13) exerted a

significant influence on plant height, number of nodes and leaves per plant at 60, 90,

120, 150, 180 and 210 DAP; stem girth at 120, 150, 180 and 210 DAP; leaf area and

U Al U, OL, YU, i4U, 10U, 16U ahd 21U 1AL, under volh rainfed

(Tables 1-6) and irrigated (Tables 18-23) conditions during both 2002-03 and

2003-04.

The application of recommended NPK fertilizer dose along | with
vermicompost and Azospirilltum (T;) was observed to result in highest plant height,
stem girth, number of nodes and leaves per plant in addition to leaf area and leaf
area index at all the growth stages studied during both the years of investigation
under rainfed (Tables 1-6) and irrigated conditions (Tables 18-23), except during
2002-03 at 30 DAP for number of leaves per plant; at 150 DAP during 2002-03 for
leaf area per plant and leaf area index under rainfed conditions. This may be
attributed to the fact that vermicompost with its richness in both macro and micro
nutrients besides having certain growth promoters, humus farming microbes and
sustained availability of nutrients throughout the crop growth period by the nitrogéh
fixers in it might have helped in increasing various growth parameters by exerting its
synergistic effect with inorganic and bio-fertilizers (Bano et al., 1987). This could

also be attributed to accelerated cell division and elongation as well as greater



chlorophyll synthesis and higher metabolic activity as suggested by Nazeerahmed

and Tanki (1988).

The production of growth promoting vsubstances and vitamins by
vermicompost and bio-fertilizer and their favorable influences in increasing the
growth attributes had also been reported earlier by several workers (Ravingnanam
and Gunathilagaraj, 996; Kamalakarreddy, 1998 and Ramachandrareddy, 1998),
similar to the findines of the pregent investionticr Forther the spoveaiios o p ol
Azospz’riﬂum on plant height and other growth characters of cassava was also
reported earlier by Sucheta (1989). Govindan and Purushothaman (1984) ascribed
the increase in growth characters due to Azospirillum to its role in ‘N’ fixation and
also the production of phyto-hormones like substances. Further, the increase in
growth characters with the INM treatment (T7) may also be attributed to the
increased uptake of nutrients such as N (Table 14 and 31), which was made
available by the activity of inoculated bacteria (Okon and Kapulnik, 1986). The
absorbed nitrogen combining with carbohydrates synthesized by leaves through
-increased photosynthetic activity might have led to the formation of amino acids and
proteins resulting in the build up of new tissues and the consequent increase in

growth characters (Childers, 1966).

Application of vermicompost in conjunction with recommended dose of
inorganics (T6) and at different levels of inorganics and bio-fertilizer, Azospirillum
(T8 and T9) had also resulted in significantly higher growth attributes namely plant
height, stem girth, number of nodes and leaves per plant in addition to leaf area per

plant and leaf area index at most of the growth stages during the two years of



investigation under both rainfed (Table 1-6) and irrigated (Table 18-23) conditions,
compared to application of recommended dose of inorganic fertilizers (T1). This
may be attributed to (i) the higher supply of nutrients by Vermiéompost containing
higher amounts of total and available nitrogen, organic matter, total exchangeable
calcium, magnesium, potassium and available phosphorus (Joshi and Kelkar, 1952),
(ii) the plant growth promoters such as auxins, cytokinins and group ‘B’ vitamins
(Nielson, 1965; Krishnamoorty and Vajranabhaiah 1986) and (iii) wpon its
decomposition in soil besides its effect on increasing the efﬁéiency of inorganic
fertilizers (Kale et al., 1992). Gunjal and Nikam (1992) also attributed the favorable
effects of vermicompost to increased availability of nutrients, organic carbon content
and water holding capacity. These observations were also supported from results of
the nutrient uptake studies in the present investigation, where in the application of
vermicompost had significantly increased the uptake of N, P and K nutrients under
both rainfed (Tables 14-16) and irrigated (Tables 31-33) conditions during both the

years of investigation.

Application of FYM and green manure in combination with recommended
inorganic fertilizers (T2 and T10), and with Azospirillum in conjunction with
recommended (T3 and T11) / reduced levels of inorganic fertilizers (T4, TS, T12
and T13) had however, resulted in growth attributes on par with the application of
recommended fertilizer dose (T1) in the initial stages 60 DAP under rainfed
conditions, while significantly higher growth attributes were observed for the
treatments at later growth stages (120, 150, 180, and 210 DAP). This may be

attributed to the fact that initially there was rapid availability of nutrients, especially



nitrogen through inorganics and vermicompost, compared with that of FYM and
green manure due to slow release of nitrogen in the organics owing to their
relatively wider C: N ratio (Bhandari et al, 1992) and also due to in situ

incorporation of green manure at 45 days after sowing.

In contrast, significantly higher growth attributes were recorded for
application of FYM in conjunction with different levels of recommended dose of
inorganic fertilizers and his fortilizers under fieated condition 7700 T30 T4 and
T5) even in the initial stages (60 DAP) compared to application of recommended
dose of inorganic fertilizers (T1), unlike rainfed conditions probably due to faster
decomposition and increased availability of nutrients even from the early stages of
crop growth under irrigated conditions (Maskina et al., 1988). The growth attributes
recorded for green manurial treatments in conjunction with different levels of
recommended dose of inorganic fertilizers and bio-fertilizer were however, non-
significant compared to application of recommended ddse of inorganic fertilizers at
60 DAP under both rainfed and irrigated conditions, unlike with FYM component,

probably due to in situ incorporation of green manure at 45 days after planting of

cassava under both rainfed and irrigated conditions.

The increased growth attributes observed with FYM (T2, T3, T4 and T5) and
green manure (T10,T11,T12 and T13) treatments at later growth stages, compared to
the use of recommended inorganics alone (T1) may be attributed to the improvement
in soil.physical properties (Maskina et al., 1988); slow release and availability of
nutrients for absorption by the plants for longer periods with the organics, compared

to the immediate availability of the nutrients and subsequent loss through



evaporation and leaching in the inorganics at later stages, as reported by Sharma and
Mitra (1990). Further, Amanullahkhan (1997) had also reported an increase in the
growth attributes of cassava with the application of FYM along with inorganic

fertilizers, similar to the findings of the present investigation.

The application of 2/3" recommended dose of inorganic fertilizers a]ong with
vermicompost and Azospirillum (T8) was also observed to in general result in
growth attributes on par with recommended dose of inoreanic fertilizer anplied in
conjunction with vermicompost and Azospirillum (T7) during both years of
investigation and under both rainfed (Tables 1-6) and irrigated (Tables 18-23)
situations, indicating a scope for reduction in inorganic fertilizers by about
33 per cent, thereby resulting in a reduction in the total cost of cassava cultivation
under both rainfed and irrigated situations as also evidenced by ‘the cost of

cultivation results of the present investigation (Tables 17 and 34, respectively).

On comparison of the growth characteristics of cassava the responses to the
treatments imposed to the present investigation between rainfed and irrigated
sivtuation, the crop has shown better growth under irrigated situation. It could be
attributed to constant maintenance of soil moisture at optimum level without anyr

moisture stress resulted in better nutrient uptake.
52 DRY MATTER PRODUCTION AND GROWTH ANALYSIS

Dry matter production of cassava was observed to increase progressively
with advancement in crop age up to harvest, under both rainfed and irrigated
conditions during both the years of investigation. The increase in dry matter

production is attributed to the cumulative effect of progressive increase in the



growth attributes, viz., plant height, stem girth and number of nodes per plant with
advancement in crop age up to harvest; and number of leaves and leaf area per plant
up to 150 DAP. Similar results have been reported earlier in cassava
(Ammanullahkhan, 1997) and sweet potato (Nedunchezhian, 2002). Further, the rate
of dry matter production was observed to be relatively high during 90-120 DAP and
120-150 DAP, compared to other growth stages under both rainfed and irrigated
conditions during both the vears of investigation. due to the veodioiion of maximom
number of photosynthetically active [eaves (Tables 4 and 21) and leaf area (Tables 5
and 22) in addition to leaf area index (Tables 6 and 23) resulting in high NAR
(Tables 10 and 27) leading to the production of more photosynthates and thereby a
rapid increase of the growth characters, as also evidenced by high CGR at these
growth stages (Tables 9 and 26). The above findings are in conformity with the
reports of Keating et al. (1982) and Ammanullahkhan (1997) in cassava; and
Neeraja (1998) and Jayatilake (2002) in onion. Further, the dry matter accumulation
in cassava largely occurs in economically important tuberous roots from tuber
initiation stage, beginning from 30-45 DAP, while the stem and leaves are still
growing. The pattern of translocation of assimilates from the leaves determines, how
dry matter is partitioned and what fraction of the product of photosynthesis is laid
down in the economically important tuberous roots. An analysis of dry matter
partitioning in cassava at harvest in the present investigation revealed translocation
of 54-55 per cent of the ‘photosynthates to the tuberous roots, 25-28 per cent to the

ste‘m and retention of the rest (18-20 %) in the leaves.



The growth analysis barameters namely, crop growth rate (CGR), the product
of leaf area index and net assimilation rate are indicative of dry matter production
per unit time (Watson, 1958); and net assimilation rate (NAR), essentially an
estimate of canopy photosynthesis per unit leaf area and a measure of photosynthetic
efficiency also increased progressively with advancement in the crop age. Further,
maximum CGR and NAR were recorded at 120-150 DAP and thereafter both CGR
and NAR declined. The increase in CGR and NAR up to 120 150 DAP is attributed]
to the increase in growth attributes namely, plant height, stem girth, number of
nodes and leaves per plant in addition to leaf area and leaf area index (Tables 1-6
and 18-23) with an increase in crop age upon 150 DAP, while the decrease thereafter
was primarily due to a reduction in the leaf number, due to abscission of older
leaves, leading to decreased leaf area per plant and LAI (Tables 4-6 and 21-23).
Keating ef al. (1982) also reported CGR to be highly associated with LAI, similar to

the findings of the present investigation.

The application of organic manures in combination with biofertilizer and
inorganic fertilizers at different levels was also observed to exert a significant
influence on dry matter partitioning at harvest (Table 8 and 25), dry matter
production at thé different growth stages studied and shoot/root ratio, while the
effect was observed to be significant only at 90-120 DAP and 120-150 DAP for the’
growth analysis parameters namely, CGR and NAR, due to the high rate of dry
matter accumulation at these growth stages, compared to the marginal rate of dry
matter accumulation at other growth stages, under both rainfed (Tables 7-11) and

irrigated (Tables 24-28) conditions, during both the years of investigation.



Among the different INM treatments studied, application of recommended
NPK fertilizer dose along with vermicompost and Azospirillum (T7) was observed to
result in maximum dry matter production in stem, leaf and tuber at harvest and also
at all the growth stages studied, in addition to maximum CGR and NAR at 90-120
DAP and 120-150 DAP during both the yeérs of investigation under both rainfed
and irrigated conditions, except CGR at 120-150 DAP under rainfed conditions, as a
result of the syneroistic interaction hetweer ‘V"‘!'ii;:—"{\z!‘!!;:{,)f‘,?. biofertilizer and
inorganic fertilizers leading to maximum stature of majority growth attributes at
most of the growth stages studied (Tables 7 and 24). The growth attributes on
application of biofertilizer in conjunction With vermicompost and inorganic
fertilizers (T7) were enhanced by the production of bioactive substances having
similar effect as that of growth regulators besides nitrogen ﬁxatic;n through bacterial
fertilizers leading to greater dry matter production. Similar findings were reported
ty Amrithalingam (1988), Parvatham and Vijayan (1989) and Subbiah (1994).
Further, the treatment had also recorded minimum shoot/root ratio among the

different INM treatments studied, under both rainfed and irrigated conditions during

both the years of investigation.

Application of vermicompost in conjunction with recommended dose of
inorganic fertilizers (T6) and different levels of inorganics and biofertilizer (T8 and
T9) had also resulted in significantly greater dry matter production in general,
compared to application of inorganics alone (T1) in stem, leaf and tuber at harvest
and also at the various crop growth stages studied during the both the years of

investigation under rainfed and irrigated conditions. This may be attributed to the



[
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favorable influence of Vevrmicompost on the growth attributes as a result of greater
availability of nutrients (Gunjal and Nikam, 1992). Similar results were reported
earlier in onion (Jayathilake, 2002). Further, the application of vermicompost and
biofertilizer in conjunction with 2/3 (T8) and Y% dose (T9) of inorganic fertilizers
was also observed to in general result in dry matter productibn on par with the
application of vermicompost and biofertilizer in conjunction with full dose of
inorganics (17), indicating a scope for saving of inorganic fertilizers with the
conjoint application of vermicompost, biofertilizer and inorganics. Further, the
treatments had also recorded significantly lower shoot/root ratio, compared to the
application of inorganics alone, under both rainfed and irrigateci conditions during

both the years of investigation.

The application of FYM in combination with recommended inorganic
fertilizers (T2) and with Azospirillum in conjunction with recommended (T3) and
reduced levels of inorganic fertilizers (T4 and T5) had also ingengral recorded a total
dry matter production significantly higher to application of recommended inorganic
fertilizers only (T'1) under both rainfed and irrigated conditions during both thg years
of investigation. Similar results weré reported by Badrova and Gavrilova (1973) in
potato, wherein the appli'cation of FYM along with N, P and K fertilizers had
resulted in higher dry matter production, compared to the single application of N, P4
and K. Further, Mohankumar et al. (1976) reported.the effect of inorganic fertilizers
and FYM to be additive on cassava dry matter production. The studies of
Kabeerathumma et al. (1988) also revealed maximum cassava dry matter production

in experimental plots receiving continuous application of FYM and NPK. Similar



beneficial effects of FYM application in conjunction with inorganic fertilizers was
reported in garden pea by Ramachandrareddy et al. (1998). Further, the above
treatments, with the exception of T5 under irrigated conditioné had also recorded
significantly lower shoot/root ratio, compared to the application of inorganics alone
(T1), under both rainfed and irrigated conditions during both the years of

investigation.

T the present Tovesiipation the applination of 700 wnd 3% dose ol
recommended inorganic fertilizers in conjunction with FYM and biofertilizer:
Azospirillum (T4 and T5) had also resulted in dry matter production on par with the
application of full recommended dose of inorganic fertilizers in conjunction with
FYM (T2) and Azospirillum (T3) under both rainfed and irrigated conditions, during
both the years of investigation, indicating a scope for saving of inorganic fertilizers.
Vasudevan et al. (2003) also reported a reduction in the dose of inorganic fertilizers
with the application of biofertilizer along with NPK inorganic fertilizers due to
effective utilization of the applied inorganic nutrients. The studies of Nayer et al.
(2003) on the response of cassava to Azospirillum in combination with chemical
fertilizers and FYM had also revealed that the combined use of biofertilizers with
recommended dose of ITYM, K, 50% N and P had resulted in cassava dry matter
yields on par with full recommended dose of FYM and NPK suggesting the
possibility of reducing inorganic N and P dosage in cassava production, similar to

the findings of the present investigation.

The application of green manure in combination with recommended

inorganic fertilizers (T10); and with Azospirillum in conjunction with full
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recommended (T11) and reduced levels of inorganic fertilizers tT12 and T13) had
also recorded significantly higher dry matter production to application of inorganic
fertilizers alone (T1) at later stages of crop growth namely, 150 and 180 DAP under
both rainfed and irrigated conditions during both the years of investigation. The dry
matter production at early crop growth stages namely, 30, 60, 90 and 120 DAP was
however, in general observed to be on par with the dry matter pfoduction recorded
with the application of inorganice alone (71} This i atiribuicd o the wesiio
incorporation of green manure at 45 days after sowing resulting in availability of the
nutrients only at later growth stages. The above treatments had also in general
recorded lower shoot/root ratio, compared to the application of inorganics alone

(T1), under both rainfed and irrigated conditions during both the years of

investigation.

The application of vermicompost, FYM and green manure in combination
with recommended dose of fertilizers (T2, T6 and T10, respectively) and with
Azospirillum in conjunction with recommended (T3 and T11) and reduced levels of
inorganic fertilizers (T4, T35, T8, T9, T12 and T13) had however, ingeneral resulted
in CGR and NAR on par with the application of recommended fertilizer dose (T1) at
90-120 DAP under rainfed conditions, while significantly higher CGR and NAR
were observed for the treatments at 120-150 DAP. This may be attributed to the faé't‘
that there was rapid availability of nutrients especially ‘N’ through inorgnics,
compared with that of organics, ._due to slow release of nitrogen in the organics

owing to their relatively wider C: N ratio (Bhandari et al.,1992).



Significantly higher CGR and NAR were however, recorded for the
application of organics in conjunction with different levels of recommended dose of
inorganic fertilizers and biofertilizers under irrigated conditions'(TZ and T13) even
at 90-120 DAP, compared to application of RDF (T1), unlike rainfed conditions
probably due to the faster decomposition and increased availability of nutrients from

the early stages of crop growth under irrigated conditions (Maskina et al., 1988).

53 VIELD VIR D ATTRIRIITES &N 07147 77

The realization of tuber yield in cassava depends on the amount of dry matter
translocated to the sink. The ability of the sink, as indicated by the number and size
of tubers to accept assimilates is considered a major factor leading to tuber yield.
Yield of cassava relies on available solar radiation, photosynthetic capacity of the

crop and duration of that capacity. Part of the photosynthates (stored as well as

current) produced by the source (leaves) would be translocated for sink (tuberous
root) development. The amount of photosynthates that come out from the source and

the ability to accumulate in the sink determines the tuber yield.

The application of organic manures in conjunction with biofertilizer and |
inorganic fertilizers at different levels was observed to exert a significant influence
on tuber yield and yield attributes under both rainfed (Table 12) and irrigated
(Table 29) conditions during both the years of investigation, except tuber length
under rainfed conditions. The tuber quality attributes studied in the present
investigation also did not record any significant influence due to different INM
treatments studied under both rainfed (Table 13) and irrigated (Table 30) conditions

during both the years of investigation. The findings are in conformity with the



reports of Ammanullahkhan (1997). He had reported similar non-significant effect
of different INM treatments on cassava tuber quality attributes, namely starch and

hydrocyanin content.

The application of recommended NPK fertilizer dose along with
vermicompost and Azospirillum (T7) was observed to result in maximum number of
tubers per plant, tuber length and diameter, tuber weight per plant and yield per
hectare under both sainfed and irripaied conditions during voth the years of
investigation, due to maximum dry matter production, CGR and NAR recorded for
the treatment as result of maximum statufe of the different growth attributes studied
in the present investigation. Ramanujam and Biradar (1987) had also reported
significant positive correlation for tuber yield in cassava with dry matter production,
CGR and NAR. Further, Ammanullahkhan (1997) reported a strong positive
association of the growth attributes namely, plant height, leaf area index and dry
matter production; and yield attributes namely, number of tubers per plant, tuber
length and tuber girth with tuber yield of cassava, similar to the findings of the
present investigation. The high yield recorded for the treatment may also be
attributed to the synergistic interactions between vermicompost, biofertilizer and
inorganic fertilizers leading to the production of growth promoting bioactive
substances (Subbiah 1994) and improvement of soil physical conditions (Chauhan’
and Nanawathi, 1971; Maurya and Goswami, 1985) leading to greater tuber length

and girth and thereby increased yields.

Application of vermicompost in conjunction with recommended dose of

inorganic fertilizers (T6) and different levels of inorganics and biofertilizer



(T8 and T9) had also in general resulted in significantly higher yield and yield

attributes, compared to application of inorganics alone (T1) under both rainfed and
irrigated conditions during both the years of investigation. The findings are in
conformity with the reports of Shinde er al. (1992) and Jayatilake (2002). The
increase in yield with the integrated application of vermicompost either alone or in
conjunction with biofertilizer coupled with the inorganic fertilizers may be attributed

e AR PP PN e o
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to the increased availabi!
vermicopost leading to accelerated synthesis of chlorophyll and amino acids
(Devlin, 1973) and increased translocation of photosynthates from leaves to the

tubers leading to increase in the number of tubers per plant, in addition to tuber

length and girth (Singh et al.,1997) and thereby an increase in the yield.

The application of FYM in combination with Azospirillum in conjunction
with recommended dose of inorganics (T3) had also recorded tuber weight per plant
and yield per hectare significantly higher to applicationbof recommended inorganic

fertilizers only (T1) under both rainfed and irrigated conditions during both years of

investigation. Similar beneficial effects of the integrated application of inorganics, .

FYM and Azospirillum were reported earlier by Jayatilake (2002) in onion. The
application of FYM in combination with Azospirillum in conjunction with 2/3rd
fevel of inorganic fertilizers (T4) had also resulted in tuber weight per plant and
vield per hectare significantly higher to application of recommended inorganic
fertilizers only (T1) under both rainfed and irrigated conditions during both years of
investigation, indicating a scope for saving of the inorganic fertilizers under both

rainfed and irrigated conditions. The biofertilizer applied along with NPK inorganic



fertilizers helped in the utilization of applied inorganic nutrients more cfficicuily
thereby reducing the dose of inorganic fertilizers as explained by (Vasudevan ef al.,

2003).

The application of FYM in conjunction with recommended dose of
inorganics (T2) had also resulted in tuber weight per plant and yield per hectare
significantly higher to that, compared with the application of inorganics only (T1)
wader frvipated condifions. Several workers had also reported sumilar higher tuber
yields in potato (Badrova and Gavrilova, 1973; Mohankumar et al., 1976; Mandal
and Mazumdar, 1980), sweet potato (Ravindran and Balanambisan, 1987) and
cassava (Kabeerthuma et al., 1988) with the application of FYM and inorganic NPK
fertilizers, compared to the single application of NPK fertilizers. Further, application
of FYM in combination with Azospirillum in conjunction with % level of inorganic
fertilizers (TS) had also resulted in tuber weight per plant and yield per hectare
significantly higher compared with the application of inorganics only (T1) and on
par with the application of recommended inorganics and FYM (T2) under irrigated
conditions, indicating a scope for saving of inorganic fertilizers by about 50 per cent |
under the irrigated conditions. Similar results were reported earlier by Nayer et al.
(2003) in their studies on the response of cassava to Azospirillum in combination
with chemical fertilizers and FYM. They had also reported that the conjoint use of |
biofertilizers with recommended dose of FYM, K, 50% N and P resulted in cassava
tuber yields on par with full recommended dose of FYM and NPK suggesting a
possibility for reducing of inorganic N and P dosage in cassava production.

However, the above treatments (T2 and T4) had recorded tuber weight and yield per



hectare on par with the application of inorganics alone (T1) under rainfed
conditions, probably due to unavailability of sufficient nutrients in these treatments

under rainfed conditions.

The application of green manure in conjunction with Azospirillium and
different levels of inorganic fertilizers (T10 to T13) had also in general recorded

yleld and yield attributes on par with the application of recommended inorganic
fertilizers onlv (T1Y under rainfed conditions during both the vears of investigation,
probably due to unavailability of sufficient nutrients in these treatments under
rainfed conditions, resulting from the slow and delayed decomposition of organic
material applied under restricted moisture conditions. In contrast, the treatments
(T10 to T12) had recorded significantly higher yield and yield attributes, compared
to the application of recommended inorganic fertilizers only (T1) under irrigated
conditions during both the years of investigation. The findings.are in conformity
with the reports of Chatterjee et al. (1979), Meerabai et al. (1992) and
* Kabeerthumma et dal. (1999). The increase in yield and yield attributes with the
application of green manure under irrigated conditions may be attributed to the
faster decomposition and greater availability of the nutrients for enhanced growth
and dry matter production leading to significantly higher yield and yield attributes
under irrigated conditions. The beneficial effects of green manure on the yield and |
yield attributes noticed in the present investigation may also be attributed to the

increase in organic matter content and available plant nutrients in addition to

improvement in the microbiological and physical properties of the soil, besides



enhancement of the soil fertility status upon green manuring (Gaur et al., 1984;

Joseph, 1986; Krishnamoorthy and Mathan, 1995).

A perusal of the different INM ftreatments involving application of
vermicompost, farm yard manure and green manure organics in conjunction with
different doses of the inorganic fertilizers and Azospirillum had also revealed tuber
yield and yield attributes recorded with the application of vermicompost in
combination with A-ospirillim in conjunciion with 2/ secommnended dose of
inorganics (T8) treatments to be on par with the INM treatment resulting in
maximum yield and yield attributes (T7-application of recommended inorganics in
conjunction with vermicompost and Azospirillum) under both rainfed and irrigated
conditions during both the years of investigation, indicating a scope for reduction in

the dose of inorganic fertilizers needed for cassava production under both rainfed

and irrigated conditions by about 33.33 per cent.
5.4 NUTRIENT UPTAKE

The application of organic manures in conjunction with biofertilizer and
inorganic fertilizers at different levels was observed to exert a signiﬁcant influence .
on the total N, P and K nutrient uptake in addition to the uptake of the nutrients by
the stem, leaf and tuber under both rainfed (Tables 14-16) and irrigated (Tables ,
31-33) conditions during both the years of investigation. Further, the uptake of P
was observed to be relatively lower, compared to N and K under both rainfed and
irrigated conditions during both the years of investigation. Howeler (1981) reported
that cassava being a tuber crop, its P requirement and consequently the P uptake are

relatively low, compared to those of N and K, similar to the findings of the present



investigation. The uptake of P and K by stem and tuber was also noticed to be higher
in the present investigation, compared to leaf, irrespective of the treatments studied.
Similar results were reported earlier in onion (Jayatilake, 2002). Further, the
application of inorganics in conjunction with organic manures and biofertilizers (T2
to T13) had in general resulted in higher total N uptake under both rainfed and
irigated conditions during both the years of investigation due to the favourable
effect of N in promoting the growth parameters such as plant helohi leaf arca and
number of leaves which in turn might be due to the fact that NAR of N fed plants
was accelerated by their increased chlorophyll content and the absorbed N helped in
the formation of food reserves due to higher photosynthetic activity which improved
carbohydrate content (Kumar ef al. 1998). Similar findings of higher N uptake with
higher N doses applied through organic manure and chemical fertilizers were also
reported ¢arlier (Subbaiah et al., 1982; Amirthalingam, 1988; Minahas and

Amilsood, 1993; and Mallangouda et al., 1995).

Uptake of P and K nutrients also recorded a similar trend to that of N uptake
in the present investigation. Further, Ammanullahkhan (1997) attributed the '
increased uptake of nutrients under integrated application of organic and inorganic
fertilizers to the increased supply and availability of nutrients by the applied organic
and inorganic fertilizers. The beneficial effect of organic manurés in increasing the
available N content was also reported by Grewal et al. (1981), while the increased
availability of K due to applicationf of FYM was reported by Sandhu and Meelu

(1974).



The application of recommended dose of inorganics in conjunction with
organic manures and Azospirillum (T3, T7 and T11) was also observed to in general
result in higher total N uptake, compared to the application of recommended dose of
inorganics in conjunction with organic manures (T2, T6 and T10) due to
contribution of N by the applied biofertilizer through its fixation in the soil (Subba
Rao, 1984). Similar results were reported earlier (Jayatilake, 2002). Further, an
increase in Pouptale it facrense 1 S upiake was copocied by oubbatan (1994) and
Jayatilake (2002). Similar results were also observed in the present investigation.
The uptake of K by cassava tubers was also reported to increase with increasing N
and K application (Rajendran et al., 1976). The findings of the present investigation
are also in conformity with the above reports. Further, the existence of significant
positive correlation for K uptake with tuber yield and dry matter production was also

reported by Thampatti and Padmaja (1987), similar to the findings of the present

investigation.

The application of recommended NPK fertilizer dose along with
vermicompost and Azospirillum (T7) was in general observed to result in maximum
total N, P and K uptake in addition to uptake of the N, P and K nutrients by stem,
leaf and tuber under both rainfed and irrigated conditions during both the years of
investigation, due to maximum dry matter production recorded for the treatment aék
result of maximum stature of the different growth attributes studied in the present
investigation. The treatment had also recorded maximum tuber yield in the present
investigation under both rainfed and irrigated conditions during'both the years of

investigation. Similar results were reported earlier in onion (Jayatilake, 2002),



wherein a positive and significant association of bulb yield was observed with total
N uptake. [Further, application of vermicompost in conjunction with recommended
dose of inorganic fertilizers (T6) and different levels of inorganics and biofertilizer
(T8 and T9) had also in general resulted in significantly higher total N, P and K
uptake, in addition to uptake of the nutrients by stem, leaf and.tuber, comparod to
application of inorganics alone (T1) under both rainfed and irrigated conditions
during both the years of investigation Tncreased uptake of M, ¢ and £ wiih the
application of vermicompost and inorganic fertilizers may be due to better
availability of the nutrients due to adequate supply of nutrients and increased
mycorrhizal activity (Kale ef al., 1987) resulting in better adsorption of water and
nutrients. Organic manures were also reported to increase the availability of
nutrients in the soil leading to increased uptake of N, P and K by the plant
(Ravindrababu, 1999) due to an increase in the activity of native soil nutrients as a
result of organic matter decomposition and also due to the high N, P and K content
in vermicmpost (Sugiv ef al., 1994). Similar beneficial effects of vermicompost
application in cassava on nutrient uptake by the crop were reported earlier by
Ammanullahkhan (1997). Several workers had also reported the uptake of different
nutrients to be significantly higher with vermicompost, compared to FYM
(Srinivasreddy and Umamahesh, 1995), similar to the findings of the present
investigation. Ravindrababu (1999) attributed the increased nutrient uptake with
vermicompost to increased amount of dry matter in leaf, root and total plant due to
release of more nutrients into the soil upon its decomposition. Further,

vermicompost application was reported to render plant nutrients and growth



substances into plant assimilable forms resulting in greater uptake of the nutrients
(Kale et al., 1987). Lee (1985) also reported that vermicompost application had
resulted in an enhancement of the soil properties such as water holding capacity and
porosity of the soil resulting in the higher availability of N, P and K nutrients

leading to their greater uptake.

The application of FYM in combination with Azospirillum and different
doses of the inorganic fertilizers (TD.TSY wwas slac ohseroed ngrnosal 1o vesull
increased total N, P and K nutrient uptake, compared to the application of inorganics
alone (T1) under both rainfed and irrigated conditions during both the years of
investigatidn due to an increase in dry matter production, resulting from increased
stature of the growth attributes. Similar results were reported earlier by

(Ammanullahkhan (1997) and Renuka (1998).

A perusal of the different INM treatments involving application of
vermicompost, farm yard manure and green manure organics in conjunction with
different doses of the inorganic fertilizers and Azospirillum had also revealed
nutrient uptake recorded with the application of vermicompost in combination with
Azospirillum in conjunction with 2/3™ recommended dose of inorganics (T8)
treatments to be on par with the INM treatment resulting in maximum nutrient |
uptake and yield (T7 - application of recommended inorganics in conjunction Withv
vermicompost and Azospirillum) under both rainfed and irrigated conditions during
both the years of investigation, indicating a scope for reduction in the dose of
inorganic fertilizers needed for cassava production under both rainfed and irrigated

conditions by about 33.33 per cent.



5.5 CORRELATION STUDIES

Correlation studies are useful 1o ascertain the real components of yield which
is a complex character. The correlation coefficients indicate the degree of
relationship between characters but it alone does not give clear picture of
associationship between yield and its attributes.

In the present investigation correlation studies showed that the tuber yield of
cassava had in general recorded a significant positive associaiion with all growth
and yield attributes and also with N, P and K uptake during both the years of study
under both rainfed (Tables 16a-16b) and irrigated (Tables 33a-33b) conditions.
Tuber yield of cassava had recorded highly significant positive correlation with plant
height, stem girth, leaves per plant, leaf area index and total dry matter during the

two years of study under both irrigated and rainfed conditions. This shoardy indiviees

that increased leaf number per plant and leaf area index might have helped in better
light interception and thereby increased photosynthetic efficiency and better
translocation of carbohydrates from source (leavés) to sink (tubers) resulted in
increased yield. The existence of positive significant correlation between yigld and
growth attributes namely plant height, leaf number per plant, LAI and total dry |
matter production was earlier reported by Ramanujam and Biradar (1987) and
Ammanullahkhan (1997) in cassava and Jayatilake( 2002) in onion, similar to the
present findings.

The growth analysis parameters CGR and NAR have also recorded
significantly positive association with tuber yield of cassava during both years of

study under irrigated conditions. Similar positive significant correlations were



reported earlier by Chowdhury and Ravi (1990) which are in conformity with the

present findings.

A highly significant positive correlation existed between tuber yield and
yield attributes namely tuber number per plant, tuber length and tuber diameter
during both the years of study under both rainfed and irrigated conditions. Similar
significant positive correlations were reported earlier by Ammanullahkhan (1997) in
cassava and Naskar of o/ (1002Y i sweet polaio. 70 1o obvious that mcicased iber
number per plant and tuber size might have contributed for increased tuber yield of

cassava as a result of enhanced translocation of carbohydrates from source to sink.

| Further, tuber yield of cassava recorded positive significant correlation with
N and P uptake and strongly significant positive association with K uptake during
both 2002-03 and 2003-04 years of investigation under both rainfed and irrigated
conditions. This clearly indicates that the increased ability of cassava crop to uptake
sufficient nutrients results in the increased growth attributes especially, leaf number,
leaf area and leaf area index thus resulted in enhanced synthesis of photosynthates
and its translocation from source to the sink. The present findings were in
conformity with earlier reports by Jayatilake (2002), who reportéd similar positive

significant correlations between yield and nutrient uptake.
5.6 ECONOMICS

- The different integrated nutrient management treatments studied in the
present investigation were observed to profoundly influence the gross and net
returns in addition to benefit : cost ratio of cassava (Tables 17 and 34). Higher gross

and net returns were found with the application of inorganics in conjunction with



organics and biofertilizer (T2 to T13), compared to application of inorganics alone
(T1) under both rainfed and irrigated conditions during both the years of
investigation due to the high yield recorded for application of organics in
conjunction with inorganics and biofertilizer, compared to the application of
inorganics alone. Ammanullahkhan (1997) also reported higher gross and net returns
in organic manurial combinations, compared to no organic manure control. Further,
application of recomimended dose of morganics 1 conjuuciion with vermicompost
and Azospirillum (T7) was observed to result in maximum gross returns under both
rainfed and irrigated conditions during both the years of investigation due to
maximum yield recoded by the treatment, in comparison to other INM treatments
studied. However, the total expenditure was also noticed to be high for the

treatment, owing to the high cost of vermicompost (Rs 2.000/- per ton), in

comparison to farm yard manure (Rs 200/- per ton) and green manuring (Rs 1175/-
per hectare), under both rainfed and irrigated conditions during both the years of
investigation, resulting in relatively reduced net returns for the treatment. The
findings are ‘in conformity with the reports of Ravindrababu (1999). He however,
opined that application of vermicompost in the long run may result in increased net
returns due to a reduction in the quantity of vermicompost required in subsequent
years. He further opined that the cost of vermicompost treatment could still be

reduced through the preparation of vermicompost by the farmer himself.

In the present investigation, maximum net returns were recorded for

application of 2/3" dose of recommended inorganics in conjunction with farm yard

manure and Azospirillum (T3) under both rainfed and irrigated conditions during



both the years of investigation due to the relatively average cost of the organic
component and considerable reduction in the cost of inorganics coupled with the
relatively high tuber yields recorded for the treatment. In contrast, maximum benefit
- cost ratio was recorded for the application of 2 dose of recommended inorganics in
conjunction with green manure and Azospirillum (T13) owing to the minimum cost
of the organic component and large savings in the cost of inorganics in spite of
relatively low yields in general, compared to the application of vermicompost and
FYM applied either alone with the inorganics or in conjunction with inorganics and
the biofertilizer under both rainfed and irrigated conditions during both the years of
investigation.

5.7  CONCLUSIONS

In the present studies on integrated nutrient management of cassava under
rainfed and irrigated conditions during two consequent years, the beneficial effects
of conjoint application of organics, inorganics and biofertilizers (T2 — TI13),
compared to the application of inorganics alone (T1) was clearly established on
growth attributes, dry matter production and partitioning, growth analysis, yield and
yield attributes in addition to NPK nutrient uptake. The economic advantage of
integrated nutrient management with the integrated application of organics,
inorganics and biofertilizer was also established in the present investigation.

Among the organic manures studied, application of vermicompost in
conjunction with inorganics and Azospirillum (T6 - T9) had ingeneral recorded
greater growth attributes, dry matter production and partitioning, in addition to

growth analysis and NPK nutrient uptake resulting in enhanced yield attributes and



thereby increased tuber yield of cassava. Further, application of vermicompost in
conjunction with recommended dose of inorganic fertilizers and Azospirillum (T7)
was observed to result in maximum tuber yield, yield attributes and NPK uptake in
addition to maximum dry matter production, CGR, NAR and growth attributes under
both irrigated and rainfed conditions during both the years of investigation
indicating the potential of the INM treatment in enhancing cassava crop yields under
both rainfed and irrioated conditions Application of 772 done ot HOFEames i
conjunction with vermicompost and Azospirillum (T8) was also observed to result in
yield and yield attributes on par with the application of vermicompost in conjunction
with recommended dose of inorganic fertilizers and Azospirillum (T7) under both
rainfed and irrigated conditions during both years of investigation indicating a scope
for realization of higher cassava yields with reduced dose of inorganics resulting in
reduced cost of cultivation and maintenance of soil health. The gross returns were
also observed to be higher with the adopﬁon of INM treatments involving
vermicompost component (T6 — T9). However, the net returns and benefit : cost
ratio were low in the INM treatments with vermicompost component owing to the
high cost of vermicompost indicating the need for reducing the cost of
vermicompost through encouragement of vermicompost production by the farmer
himself, prior to adoption of the above superior INM treétments involving
vermicompost component (T7 and T8) for improvement of cassava yields under

rainfed and irrigated conditions of the Andhra Pradesh state.

- The application of farm yérd manure in conjunction with different doses of

inorganic NPK fertilizers and Azospirillum (T2 — T5) had also recorded significantly



higher yield and yield attributes in addition to growth attributes, dry matter
production, CGR and NAR, compared to the application of inorganics alone (T1).
The net returns were also in general higher with INM treatments involving farm yard
component due to the relatively high yields coupled with the average cost of the
organic component involved corroborating the existing recommendation for use of
farmyard manure in conjunction with inorganic fertilizers for increased, economic
and sustainable production of cassava under hath rainfod and freieated conditions of

the state.

The application of green manure in conjunction with different doses of
inorganic NPK fertilizers and Azospirillum (T10 — T13) had also ingeneral resulted
in higher yields, compared to the application of inorganics alone (T1). The benefit:
cost ratio was also ingeneral higher with INM treétments involx)ing green manure
component in spite of the relatively low yields, compared to INM treatments
involving vermicompost and FYM organic components, due to the low cost of green
manure, indicating the feasibility for use of in sifu green manuring with cowpea in
conjunction with inorganic fertilizers and Azospirillum for economic and sustainable

production of cassava under both rainfed and irrigated conditions of the state.



Chapter VI

Summary



CHAPTER Vi

SUMMARY

The present investigation on integrated nutrient management of cassava was
undertaken at Agricultural Research Station, Peddapuram, East Godavari district of
Andhra Pradesh under rainfed and irtigated conditions during f(harif 2002-03 and
Kharif 2003-04. The experiments were carried out with cv. Sree Prakash (S-856) of

3 odifferent (MM treatinents including the application of iccommended

cassava with
dose of inorganic fertilizers (T1); application of recommended dose of inorganic
fertilizers in conjunction with the organics, namely, farm yard manure (T2),
vermicompost (T6) and in situ green manuring with cowpea (T10); application of
recommended dose of inorganics and Azospirillum in conjunction with the organic
manures, namely, farm yard manure (T3), vermicompost (T7) and in situ green
manuring with cowpea (T11); application of 2/3 dose of recommended inorganics
in conjunction with Azospirillum and the organic manures namely, farm yard
manure (T4), vermicompost (T8) and in situ green manuring with cowpea (T12); in
addition to application of 1/2 dose of recommended inorganics in conjunction with
Azospirillum and the organic manures namely, farm yard manure (T5),
vermicompost (T9) and in situ green manuring with cowpea (T13) on well drained
sandy loam soils in a randomized block design with three replications and data was
recorded on effect of the different treatments with regards to growth characters, dry

matter production and partitioning, growth analysis parameters, yield, yield

attributes, quality and nutrient uptake. Further, correlations among growth and yield



attributes, nutrient uptake and yield of cassava and economics of the different

treatments was also worked out.

Plant height, stem girth, number of nodes per plant, dry'matter production,
crop growth rate and net assimilation rate were increased progressively with an
increase in the crop age up to harvest. However, the rate of increase was in general
rapid from 60 to 150 DAP for the growth attributes; 90-120 DAP and 120-150 DAP
for dre motter peoduciion and 120150 TAT for crop growth rale and net
assimilation rate. Thereafter, the increase in growth attributes and dry matter
production, was marginal, while number of leaves, leaf area per plant, leaf area
index, CGR and NAR were declinéd at the later stages of crop growth (180 and 210
DAP) due to the senescence of older leaves. An analysis of dry matter partitioning at
harvest also revealed the translocation of major share of photosynthates to the
tuberous roots (ranging about 54-55 per cent), and retention of méderate amounts in
the stem (25-28%) and in the leaves (18-20 %). Further, a perusal of results on N, P

and K uptake revealed lower uptake of P, compared to N and K. Further, the uptake
of P and K by stem and tuber was noticed to be higher, compared to leaf.

The application of organic manures in conjunction with bio-fertilizer and
inorganic fertilizers at different levels (T2 — T13) was in general exerted a
significant influence on growth attributes, CGR, NAR, dry matter partitioning at
harvest, dry matter production at the different growth stages, shoot/root ratio, tuber
yield, yield attributes and nutrient uptake under rainfed and irrigated conditions,
during the different years of investigation. The different integrated nutrient

management treatments studied in the present investigation were also observed to



profoundly influence the gross and net returns in addition to benefit : cost ratio of

cassava. However, the tuber quality attributes did not record any significant

influence due to the different INM treatments studied.

The application of recommended NPK fertilizer dose along with
vermicompost and Azospirilltum (T;) had in general resulted in maximum growth
attributes, dry matter production, CGR, NAR, yield, yield attributes and nutrient
uptake in addition to minimum shoot/root ratic f‘]m‘ii. 1w both the yvears of investipation
under both rainfed and irrigated conditions indicating the potential of the INM
treatment in enhancing cassava crop yields under both rainfed and irrigated
conditions. The treatment was also observed to result in maximum gross returns.
However, total expenditure was high for the treatment, owing tlo the high cost of
vermicompost resulting in relatively reduced net returns. Further, the application of
2/3" recommended dose of inorganic fertilizers along with vermicompost and
Azospirillum (T8) was also in general resulted in growth attributes, dry matter
production, tuber yield, yiéld attributes and nutrient uptake on par with
recommended dose of inorganic fertilizer applied in conjunction with vermicompost
and Azospirillum (T7) during both years of investigation and under both rainfed and
irrigated situations, indicating a scope for realization of higher cassava yields with
reduced dose of inorganics resulting in reduced cost of cultivation besides
maintaining of soil health. The application of vermicompost and Azospirillum in
conjunction with recommended dose of inorganics (T6) and 2 dose of inorganics

(T9) had also resulted in significantly higher growth attributes, yield, yield attributes

and dry matter production at most of the growth stages in addition to higher nutrient



uptake, during the two years of investigation under both rainfed and irrigated
conditions, compared to application of recommended dose of inorganic fertilizers
only (T1). The gross returns were also observed to be higher with the adoption of
INM treatments involving vermicompost component (T6 — T9)'. However, the net
returns and benefit : cost ratio were low in the INM treatments with vermicompost
component owing to the high cost of vermicompost indicating the need for reducing
the cost of vermicompost through encouragement of vermicomnost nroduction by

the farmer himself.

Application of FYM in combination with recommended i'lnorganic fertilizers
(T2), and with Azospirillum in conjunction with recommended (T3) / reduced levels
of inorganic fertilizers (T4 and T5) had however, resulted in growth attributes on par
with the application of recommended fertilizer dose (T1) in the initial stages
(60 DAP) under rainfed conditions, while significantly higher growth attributee were
observed for the treatments at later growth stages (120, 150, 180, and 210 DAP). In
contrast, significantly higher growth attributes were recorded for application of
FYM in conjunction with different levels of recommended dose of inorganic
fertilizers and bio-fertilizers under irrigated conditions (T2, T3, T4 and T5) even in
the initial stages (60 DAP) compared to application of recommended dose of
inorganic fertilizers (T1).

The application of FYM in combination with recommended inorganic
fertilizers (T2) and with Azospirillum in conjunction with recommended (T3) and
reduced levels of inorganic fertilizers (T4 and T5) had also resulted in total dry

matter production significantly higher to application of recommended inorganic



fertilizers only (T1). Further, application of 2/3" and % dose of recommended
inorganic fertilizers in conjunction with FYM and Azospirillum (T4 and TS) had also
resulted in dry matter production on par with the application of full recommended
- dose of inorganic fertilizers in conjunction with FYM (T2) and Azospirillum (T3)
under both tamnted and wrigaied conditions, duriig boih the years of investigation,
indicating a scope for saving of inorganic fertilizéré.

The application of FYM and Azospirillum in conjunction with recommended
dose of inorganics (13) and application of FYM and Azospirillum in conjunction
with 2/3rd level of inorganic fertilizers (T4) had also recorded tuber weight per plant
and yield per hectare significantly higher to application of recommended inorganic
fertilizers only (T1) under both rainfed and irrigated conditions during both years of
investigation. However, the application of FYM in conjunction with recommended
dose of inorganics (T2) had also resulted in tuber weight per plant and yield per
hectare significantly higher to that, compared with the application of inorganics onlyb
(T1) under irrigated conditions. Further, application of FYM in combination with
Azospirillum in conjunction with % level of inorganic fertilizers (TS) had also
resulted in tuber weight per plant and yield per hectare significantly higher
compared with the application of inorganics only (T1) and on par with the
application of recommended inorganics and FYM (T2) under irtigated conditions,
indicating a scope for saving of inorganic fertilizers under irrigated conditions. The
above treatments (T2 and T4) had however, recorded tuber weight and yield per

hectare on par with the application of inorganics alone (T1) under rainfed



under rainfed conditions. The application of FYM in combination with Azospirillum
and different doses of the inorganic fertilizers (T2 - T5) was also observed to in
general result in increased total N, P and K nutrient uptake, compared to the
application of inorganics alone (T1) under both rainfed and irrigated conditions
during both the years of investigation due to an increase in dry matter production,
resulting from increased stature of the growth attributes. The net returns were also in
general higheo with (NM freatiments involving farm yard component due 1o the
relatively high yields coupled with the average cost of the organic component
involved corroborating the existing recommendation for use of farm yard manure in
conjunction with inorganic fertilizers for increased, economic and sustainable

production of cassava under both rainfed and irrigated conditions of the state.

Maximum net returns were also recorded in the present investigation for application

d . . . . . . . N
of 2/3" dose of recommended Inorganics 1n conjunction with farmyard manure and

Azospirillum (T3) under both rainfed and irrigated conditions during both the years

of investigation.

Application of green manure in combination with recommended inorganic
fertilizers (T10), and with Azospirillum in conjunction with recommended (T11) / |
reduced levels of inorganic fertilizers (T12 and TI13) had resulted in growth
attributes on par with the application of recommended fertilizer dose (T1) in the
initial stages (60 DAP) under rainfed conditions, while significantly higher growth
attributes were observed for the treatments at later growth stages (120, 150, 180, and
210 DAP). The growth attributes recorded for green manurial treatments in

conjunction with different levels of recommended dose of inorganic fertilizers and



hio-fertilizer were however, non-significant compared to application of
recommended dose of inorganic fertilizers at 60 DAP under both rainfed and
irrigated conditions, probably due to in sifu incorporation of green manure at 45
days after planting of cassava under both rainfed and irrigated conditions. In
contrast, the application of gfeen manure in combination with recommended
inorganic fertilizers (T10); and with Azospirillum in conjunction with full
recomimended (111) and reduced levels of morganic fertilizers (T172 and T13Y) had
recorded dry matter production significantly higher to application of inorganic
fertilizers alone (T1) at later stages of crop growth namely, 150 and 180 DAP under
both rainfed and irrigated conditions during both the years of investigation. The dry

matter production at early crop growth stages namely, 30, 60, 90 and 120 DAP was

however, observed to be on par with the dry matter production recorded for

application of inorganics alone (T1). The above treatments had also in general
recorded lower shoot/root ratio, compared to the application of inorganics alone
(T1), under both rainfed and irrigated conditions during both the years of
investigation. Application of green manure in conjunction with Azospirillium and
different levels of inorganic fertilizers (T10 to T13) had also in general recorded
yield and yield attributes on par with the application of recommended inorganic
fertilizers only (T1) under rainfed conditions during both the years of investigation.
probably due to unavailability of sufficient nutrients in these treatments under
rainfed conditions, resulting from the slow and delayed decomposition of organic
material applied under restricted moisture conditions. In contrast, the treatments

(T10 to T12) had recorded significantly higher yield and yield attributes, compared



to the application of recommended inorganic fertilizers only (T1) under irrigated
conditions during both the years of investigation. The benefit : cost ratio was also in
general higher with INM treatments involving green manure component in spite of
the relatively low yields, compared to INM treatments involving vermicompost and
FYM due to the low cost of green manure, thé organic cdmponent involved
indicating the feasibility for use of in situ green manuring with cowpea in
conjunction with inorganic fertilizers and Azospirillim for economic and sustainable
production of cassava under both rainfed and irrigated conditions of the state.
Maximum benefit : cost ratio was also recorded for the application of ¥ dose of
recommended inorganics in conjunction with green manure and Azospirillum (T13)
under both rainfed and irrigated conditions during both the years of investigation

indicating its potential for enhanced returns to cassava farmers.

The correlation studies have shown a significant positive association between
yield and various characters studied viz., plant height, stem girth, leaves per plant,
LALI, total dry matter, CGR, NAR, tubers per plant, tuber length and diameter and N,
P and K uptake during both the years under both rainfed and irrigated conditions

indicating that the tuber yield of cassava largely depends on these characters.

Future line of work

*  (Cassava being well adapted to a wide range of soil and climatic conditions, it
can be introduced into various cropping systems and nufrient management
practices under such systems need to be studied.

e  To reduce the cost of cultivation, recycling of different crop and animal wastes
and their possible inclusion in the INM package has to be tested.

e Residual and cumulative effects of different INM practices have to be studies

on succeeding crops.
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Yuring 20062-83 cropping period
M Temperature (°C) Relative humidity (%) Rainfall NO.' of
onth/year : _ , (mm) rainy
Maximum Minimum | at 7.16 hr _ at 14.00 hr days
June 2002 354 26.6 86 65 60.6 3
July 2002 35.6 26.7 70 50 8.8 1
August 2002 31.5 24.7 89 74 175.3 12
38 o 85.% 7
October 2002 32.1 22.0 89 66 198.3 9
November 2002 3t4 18.0 87 45 7.2 1
December 2002 31.2 15.5 91 59 - -
January 2003 29.6 15.3 93 57 11.2 2
Total 536.0 35
Weather during 2003-04 cropping period
Month/year » Te.mperatur? (."C) Relative humidity (%) Rainfall T:in(;,f
Maximum Minimum | at 7.16 hr at 1400 hr  (mm) days
June 2003 38.2 26.7 83 50 77.5 . 4
July 2003 31.2 24.5 93 79 314.6 17
August 2003 32.0 25.0 89 75 66.7 9
September 2003 335 24.6 88 67 287.6 8
October 2003 31.8 24.5 91 71 . 208.5 10
November 2003 32.1 20.3 90 50 - -
December 2003 30.2 16.6 88 49 69.2 2
January 2004 29.1 16.2 94 55 - -
| Total 1024.10 50
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