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CHAPTER V
DISCUSSION

Dry root rot of mungbean, an important fungal disease causing viold
losses upte 25 per cent. became one of the magor constrainis in mungbean
growmg tracts of India. The endemic and serious nature of the disease i niost

of the areas particularly in some districts of Telangana region of Andhra Pradesh

prompted taking up nvestigations on "Biological control of dry oot rot of

.
mungbean

Currently with increasing awareness of possible deleterious effects of

fungicides on the ecosystem, growing interesi in pesticide free agricultural
products and time consuming breeding programmes. the mtegrated blological
control of plant pathogenic fungi have received considerable attention (Ba b o
and Cook. 1974; Henis er ol 1978 Flad ¢7 o) 1980, Chet o7 af. 1982) A Iajiy
challenge m plant disease management is to imtroduce or develop new discase
strategies as the more traditional controls become obsolete and to do so without

greater use of chemicals.

Bilogical control offers many advantages (o the growers and (o soviety
in general and must be pursued on all fronts. It offers durable. environmentaiiy
safe and cost effective alternative to chemicals, introduction of a propct
tungicide tolerant strain of antagonist at a time when the pathogen is more
vuinerable. might delay disease development. Potential of such bioagents need
to be exploited and utilized as 2 component in the miegrated management of the

pathogen. It is now a widelv recognised fact that biological control of plant

ey

o



pathogens s a distinet possibility for the future and can be suceesstully evpioied
momodern agriculture within the frame work of integrated disease IANAZC I
module. The use ot the 7richoderma spevies as a potential bioconteol ageut w
the itegrated biological control of plant pathogens along with other pos
managenent practices has been discussed (Papavizas, 1985 Chet and Henis
1985y Since Tochoderma dominates i <01l treated with a sublethal dosage ot
pesticides. proliferates easilv to produce antibiotics. competes for nutrieats and
acts as a mycoparasite. the role mntegrated biological control is of practival

significance.

Integrated approach seems to be the only possible solution for effoets
management of the dry root rot pathogen {Chandra and Kher. 1990} duc (o
its extreme prevalence. wide host ramge and ewtensive enviroumoental
adaptability Hence, an attempt was madce 1o develop an mtegrated disease
management strategy for drv root rot of mungbean and the results obtamed f1om

the present investigations are discussed bere under,
5.1 SYMPTOMATOLOGY

In the present mvestigation. the course of development of SVINPLOnTS
over a crop growth period was studicd under field conditions in OV, M]-76"
Fhe disease appeared at all stages of vrop growth starting from seedbing 1o
maturity. At early stages (10 DAS) germination failares, pre- and poste-
emergence damping oft of scedlings and seedling rot (charcoal rot) are ihe
characteristic symptoms observed  Similar type of charcoal rot svmproms dus
to dry root rot pathogen, M. phaseciing has already been reported by Bhargav
{1965) in potato. Philip e o/ (1969) and Scholefield and Griffin ¢ 19791 in

mungbean and Sharada and Shetty (19873 in urdbean



Svimptoms on grown up plants ¢ 20-45 DAS ) manifested as [ormation
of irregular feaf spots with brows margins and grevish centres svhich expandod
and caused necrosis of feaves with or without extbiting oot rot symplonis
Similar type of leal blight symptoms in mungbean was reported by Philip (1905
Grover and Sakhuja (1981) and by Kumar o7 af. {1909), Vidvasehharan and
Anunan (1978) in urdbean. At advanced stages of mfection wilting of the whole
plant. vellowing. droopping of leaves. discolouration of basal porilon of the
stem. rotting of under ground plant parts followed by drying and death of the
whote plants. The affected roots were dark, brittle. devoid of lateral and it
roots and decay of the sccondary roots and shreddimg of the cortex of the rap
oot When the affected plants were uprooted. the tap root was hlack wnd
usually remains in the soil. Presence of numerous tungal fruiting bodies vis
sclerotia. pyenidia and myveelium on the atfected plant parts are the conspicuous
symptoms of dry root rot that are associated with adult plant nfection. e
present results are inconfirmity with descriptions made by Philip er aif {1uau)
who reported the presence of numerous, minute black sclerotia on infected roofs
and stem. In the present studies both sclerotia and pyenidia were frequsent iy
observed on the affected plant pants. The presence of sclerotia and pyenidia on
the affected plant parts 15 an important feature which could be used 2 2

diagnostic key for identification of the pathogen.
5.2 ISOLATION AND IDENTIFICATION OF THE PATHOGEN

The fungus was 1solated from infected plant parts showing drv reot rot
symptoms and single spore cultures were maintained on PDA. Pathogenivity
was established by imoculation and veiselation of the pathogen from infecied

plant parts.

chid



The fungus produces spherical hyvaline colonies which later hevame
lufty. carbonaceous. brown (o black with numerous small biack selerotiy on
PDA. Mveehia were hvaline to brown, branched. septate and ran parallel 1o cach
other Sclerotia were 67 % g in size. minute, black and pyenidiz were dark
brown with pigmented wall and an apical ostiole | Pyvemdiospores from pyvinidia
were oval. hvalime. non septate and thin walled, The morphofogy oi the
pathogen observed was in accordance with the desciiptions given by Philip o

/. (1969) in mungbean and by Jatn 7 of {1973} in urdbean
5.3 PATHOGENICITY TESTS

Soil and spray moculation technigues were tried to prove pathogenvin
m mungbean CV . MI-267. Out of the twe methods, soll inoculation miethod wax
tound best. Maximum seedling infection of 90 per cent was observed when fresh

moculum of the pathogen grown on PDB was mcorporated 1o the soil

Formation of pycuidial and sclerotial bodies were observed at collar regian of

the mtected plant parts Similar type of symproms were observed inimunghoan
by Grover and Sakhuja (1981) and Hoods and Grover {1983) Plants spraved
with spore suspensions have shown symptoms on leaves as circular brown Spois
with greyish centres after 48 h of inoculation Witting, drving of leaves,
complete blightening of the whole plant and seedling death were observed In
spray inoculation technigue. 70 per cent of the seedlings exhibited nfection
This apparently indicates that the fungus had gaimed eniry into the plant svsiens
through natural openings that are preseni on leaves and stem and became
systemic resulting in the death of the whole plants. The results also are in
agreement with those of Grover and Sakhuja (1981 ia mungbean due to 4/

phaseofina
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5.4 [ISOLATION OF RHIZOSPHERE MICROFLORA FROM
MUNGBEAN CULTIVARS

the total number of rhizosphere mucroflora (fungi. bacteria and
actimomyeetes) were more in the thizosphere soil of the mungbean ¢cv. Mi .07
(704 x 10%g dry soil) than in Pusa Baisakhi (66 1 x 105 dryv soily The
thizosphere microflors increased with increase age of the plants Highow
number of microflora from rhizosphere were avcounted in both the mingbean
cultivars at pod formation stage. Similasiy. the lowest sumber of rhizosphere
microflora were observed at seedling stage (Table 193 Fourteen different B
were isolated at seedling, flowering and pod formation stages from mungbean
cvs. ML-267 and Pusa Baisakhi. Ram Singh er /. ¢ 1993} also made shnilas
observations who isolated 17 rhizosphere microfiora a seedling. lowering and

pod formation stages from munghean cultivars SML-32 and Ml.-5 during spring

season in Punjab.

The rhizosphere microflora to 3 large extent is influenced by tho plant
species, plant age. the nature of root exudates. vutrient status of the soil and
above all the physiology and the tyvpe of stress on the host plant The variatons,
m tungal flora of mungbean cultivars under cenain conditions were possibly due
to the differences in chemical composition of root exudates. The quaniiy of rooe
exudates produced is more at flowering stage of the plant (Mall, 107
Blackman, 1981). Root exudates have a direct influence on thizosphoere
microbiota (Sadasivan. 1960; Schroth and Hilderbrand. 1964 Rovira, (9ns:
Fhus. in the present investigation. qualitative and quantitative vhanges m the
rhizosphere microflora could be auributed to the alieration in the patiern of rou

exudates of the two culfivars,

i
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Fhe metabolic activities of microbes i root region a1e of vital
importance for plant growth and management of soil-borne plant pathogens
(Balandrean and Knowies. 1978} The presence of large nomber of antagonisi s
in the rhizosphere of several crop plants suppressed dry root rog pathogon
{Dhmgra, 1971 Dhingra and Khare, 1973 Mukhopadhvay, 1977 Siagh and
Mehrotra. 1980: Gangawane and Salve. 1987 Dubey and Dwivedi, 1983
harmar and Khare, 1990 and Ram Singh o7 ol 1993} Thus, it is evident thu
mungbean plants under the influence of dry root rot pathogen could suppoit 4
significant increase in the antagonistic rhizosphere microflora Ihis turther
suggests that the occurrence of increased populations of beneficial fungal flors
in the rhizosphere at later age signifies the role of these organisms m the betre
management of the disease. Since Trichodermia hevianm alse oceurred
rhizosphere. the scope for mereasing s population for biologival conirel of 4 I
root rot of mungbean was exploited in the present investigation

5.5 INTERACTION OF SOIL MICROFLORA ISOLATES (SMI) WITH
M. PHASEOLINA

When soil microflora isolates { SM1) were t(ested against A1 phaseoiin:
four types of interactions were observed. namefy. mutoal mtenminglng, ovor
growth of pathogen. over growth of SMi and slight inhibition at # distance
(Fig. 1. Similar type of interactions between two organisms were reporied by
other workers. When two or more organisms were growe in close proximity. the
mteractions could be antagonistic. sndiflerent or tavourable {Smith, 1905y,
stmulating. inhibiting, over growing and non-influencing (Zeller and Schnuis

1919). Porter (1924) while studying the characters of non-pathogenic fungi


file:///ital

when grown m the presence of other such fungi. could distingaish five tvpes of
mhibition. namely, intermingling. over grovwing with inhibiton of slowes

growmg organism. slight inhibition. growth sround the contending organmism and

inhibition at a distance Sharma and Sen (199 F) sehife studving the imeraction of

SMI with Fusariwm solam, could distinguish similar types except the fourth
type re. growth around the contending orgamsm. foteraction of soif micro
orgamsms with a pathogenic fungus. namely Scieratiun rolfsi were classition
{Chaffar, [96R) as nternunghing. over growmg and production of pathogen froc
zones. Dubey and Dwivedi (19883 observed colony  growth nhibaion

coagulation of cytoplasm. hvphal discolouration and dissolution of the hvpliae
of A1, phaseolina by eight antagenistic rhizosphere fungi of sovbean due 1o the
secretion of toxin (s), antibiotics and/or cell wall Ivtic enzvmes. The rhizosphere
microflora could ateract with each other for nutrients, space, ag and orher
resources and play a significant role in the biocontrol of soil-borne plani
pathogens (Balandreau and Knowles. 1978}, Soil micro organisims interfere with
the activity of pathogen. directly by their growth mhibitory products, predation and
parasitism and mdirectly by competition for nutrients and space. The organisim showg
type HI mteraction was classified as potential mhibitor of A7 phaseoling and ihis was
dentified as Trichoderma harzicomm (F.) native isolate with the help of nucroscopic
structures (Rifan 1969; Cook and Baker. 19833 This native isolare agrees with R

(1969} concept of T harzinon aggregate.

The tendency of Trichoderma 1o overgrew and produce volatile and
non-volatile compounds as metabolites is well known (Papavizas, 1985
Papavizas and Lewis. 1989} and henvce this native SMJ 0y prove (o be g

promising biocontrol agent of Macrophomma phaseniin inciting dry root roi



of mungbean. Classification of sod mucro organisms into sproific mteraviion
groups forms the first essential step in identifving the potential antagonisis fog

all soil-borne pathogens {Sharma and Sen. 19913

5.6 IN VITRO EFFICACY OF BIOCONTROL ACENTS AGAINST
M. PHASEOLINA

Biocontrol through the use of native and exotic antagomsis has of late
gained importance and is poised for successtul application in modern agriculiure
(Cook. 1985). Trichoderma sp. have received considerable attention as possible
brocontrol agents of several soil borne pathogens. and their LECOERZod
antagonistic potential often has been used as a means of 17 virre serecsing lin
the selection of' best biocontrol candidates.  Mycoparasitism or hyperparasitism
of munbgean dry root rot pathogen by 7richoderma and Ghocladivm spo s
been well documented (Elad er /. 1986 ikotun and Adeakunle Faoug

Deshmukh and Raut, 1992 Ram Singh o7 2/ . 1993

In dual culture technique. among all the species of frickoderig and

Glrocladium sereened. the native 7. ftarziamum (1) igolate was found SUPCTI0

.
o

m completely overgrowing the pathogen within 4 davs followed by 7 voade
(Vo and Goovirens (Gy) while 7. pseudokonmen (VPR 7 hamaion (110,
I harcianum (H,), T virde (VO T dongibrachianomn (YL, 7 harziamon (M)
(Ho (H) G ovirens (G)) and 7. kormmgii (1K) ook § days 10 pvergrow the
pathogen. (Table 9. Fig 2y Trichoderma and Glivcladivm are kiown to be
mycoparasitic over a range of fungt. Hyper parasitisim between bioagents and

M. phaseolina has been reported by several workers while working with

7 harzianum.
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Trichoderma and Ghocladmim are known to be mycoparasitic ovee 3
range of fungi. Hyper parasitism between broagents and A4 phuzseciing has been
reported by several workers while working with 7 harzicsmm {Weinding
1O32. 19340 Elad er i 19860 lkotun and Adenkunic. 1990 and Deshnwkh and
Raut 19923 7 vernde (Vasudeva and Sikha, 1930y and 7 Aasertion (Rukian

and Mariappan. 1994y against AL phaseolizg was reported. In dual culture

technique. 7 harziaomon (Ho) native isolate. 7viride (Vo) and € wrens (G

showed a strong hyperparasitic potential than other isolates. This tvpe of

vanation w hyper parasitic potential within 7richodermea sp. has already buen

well established (Dennis and Webister, 1071 by

The features of mycoparasitism observed were tight appression. coting
penetration of AL phaseolia hyphae by Jrichoderma hvphae, penetration o
comdia  of  Irichoderma o myeehum of Af phaseolmia. sclerotial
parasiization and dissolution and disintegration of pathogen mveclivnm, The o
observations are m accordance with earlier reports (Norton, 1954 Ulad ¢ 2/
1980 Ramsingh e7 /. 1993). The morphological disturbances abserved such
as dissolution and disintegration of A7 phaseofina hyphac on interaction with
! harzeamem are mdications of the production of cell wall ltic enevies and
myolutions leading o the utiization of cell contents. These resulis are
accerdance with Ghaflar (1968) who reported that the hvphace ot 7 Jigrorn
and 1o virsde parasitized and coiled around AL phaseoiing cesulting i
coagulation of protoplasmic contenis of the hyphal celis followed by cell wall

dissolution.



The bioagent 7. Aarzicran (H) native tsolate showed effective cotling
and penetration into AL phaseaiing hyphae compared to other two isolates.
I harzianum. was more effective in parasitizing ihe hyphae of M. phaseoion
compared to [ virade (V) and G virenss (43,) and exhibited greater invper

parasitic potential

Inhibition zones were observed between the (wo fest fungs aflyy =
days of mcubavion in dual culture plates (1able 20) Among them, the wvathve
I harzanum (e isolate exhibited maximum zone (4 mm) of inhibition u-
compared to other antagonist isolates. Campbell {19897 vpined that such an
inhibition zone could be taken as a clue for the productien of antibiotics and
thereby screening and selecting antagenisis. Similar gbservations on inhibition
zone were made by Sankar and Jevarajan (1996 while studving with (7 2o
and AL phaseoling T viride and I hamatum stromgly inhibited AL phoseciiiu
(Rukmani and Mariappan. 1994). Majumdhar er o/ ¢ 1995) repoeried  tha

I harzianum and T viride showed strong antagonism against 41 phaseciing

All species of /richoderma and Gliocladiwn used in the present studics
whibited AL, phaseoiina by direct parasitism with mino: inhibition by antibiosis
Different mechanisms of 7Trichoderma have been well documented {Avers and
Adams, 1981; Cock and Baker. 1983) However, 1t is rare to find a smgle
iso!al¢ exhibiting all the mechanisms. Because of such aggressive nature of this
native isolate of 7. harzianum, it was chosen for biscontrol of A7 Pursvoling
along with other two exotic bioagents namety 7. virede and (7 virens for whans

flouse experiments.



Culture filtrates of 7. harzicnm had significantly higher toxic effecs on

the radial growth of A/ phaseoina. tncorporation of different concentrations

of filtrates into PDA mednim exhibited varying degrees of colony mhibition of

M. phaseoling. There was a positive correlation between the amount of cell-free
culture filtrate and growth inhibition of Af phaseoiing. Inhibition of 15 1o 100
per cent growth was obtained using § (o 40 per cent culture filtrate, The extent
of growth inhibition of the pathogen depends on the relative volume of filirate
and their concentration gradients { Dennis and Webster, 1971a), Culture filtrates
of Irichoderma and Gliocladium spp. showing antibicsis against A7, phasesioe
was reported by several workers with [ Zgroren (Vasadevas and Sikka, 1941,
£oviride (Dubey and Dwivedi, 1681 Pande. 1985). 7 har-ianum (Flad ¢7 o/
YO86). [ hamamm and 1. pseundokoningii { Rukmani and Marappan, 19941 in
the present studies { Table 21; Fig. 3) radial growth inhibition (15 1o 100 e
cent) and loss in mycelial dry weight (178.75 to 3.1 rmg) of the pathogen with
mereasing volumes of culture filtrates (5 (o 40 per cent) might be attributed to
the production of toxins. antibiotics and cell wall degrading enzymes, mdicating
the strongest antibiotic potential of 7. /rziaman (H,). as suggested by Duboey
and Dwivedi (1988) The culture filtrates of bicagent produces certam
metabolites which are pernicious to A1 phaseciina. This provides a superfhuous
chemical weapon to the bioagent 16 suppress the pathogen (Kumar and
Mukhopadhyay, 1964). The present study also revealed thai the ancifugal
activity could be due to the antibiotics diffusible in solid agar and produced
extracellularly mm liquid media indicating that 7 harzrarum holds great promise

m the biocontrol of 3 phaseolina.
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5.7 EFFECT OF pH ON GROWTH OF PATHOGEN AND
BIOACENTS

It is 2 well-known fact that hydrogen ton concentration of the medimn
has a profound influence on the growth of fungs. As per Lily and Bainoew
(1951). fungi in general tolerate avidic than an alkaline reaction. 1his
experiment was designed to study the range and optinum pH for growtl of tie

pathogen and bivagents.

All the 1solates of selected bicagents and pathogen, showed masimnom
growth at pH 5510 6.5 The growth of the pathogen and bioagents was ooy
at high acidic and alkaline pH than at slightly acidic vaiues ro moederately acui
values of pH (6.5 - S5} The bivagents and pathogen could grow over a wiulde
vange of pH (4.5 - 8 %) with the optimum at 6.5 At pH 2 and below and pli g
and above. there was considerable decline in growth (Table 22 Fig. 4+ Cher and
Baker (1981). Aslmol er ai {19923 and Oupta e7 «f (19955 reported thit
growth of [richoderma and Gliocladium spp. vccared at pH S5, Philip (1963
and Singh and Chohan {1982) reported S to 6 as optimum pli for pathogen

growth,

5.8 EFFECT OF TEMPERATURE AND WATER POTENTIALS ON
THE GROWTH OF PATHOGEN AND BIOAGENTS

in plant disease development. temperature and water potential
interaction bas been considered (o e one of the most mmportant facios
mituencing growth and reproduction of all pathogens. All the isolates

of bioagents and pathogen showed ideal growth at temperature range of 2510
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30 °C and water potential range of -80 10 - 100 bars. Decline in growth of alf

isolates ovcured at a temperature range of 15 to 20 °C and water potential range
of -60 1o -70 bars { Table 23 Fig 5y Hadar vf g/ (1984) and Aslmot o7 o/
(1992} reported the optimum temperature for the growth of Prichoderm SE
as 25 1o 30 "C. Maximum vegetative growth of broagents occurred at -8 (o -

104 bars (Chet. 1987

Similar observations about the temperatuse requirements of the p athogen
was made by Philip (1963) and Grover and Sakhuja (198 1) who reported best
growth at 30 to 35 “C. The water potential requirement for maximam vegetatine
growtl of the pathogen varied between -13 (o -40 bars, In contrary, m the
present study, the pathogen produced maximum vegetative growth at -80 1o -

100 bars. This could be due 10 variation in pathogenic behaviour at differet

environments.

5.9 EFFICACY OF FUNCGICIDES ON THE GROWTH OF THE

PATHOGEN AND BIOAGENTS

Most crop diseases have been commonly controlled by the application
of chemical compounds. However. recently new approaches are being attempted
as an alternative or supplementary to pesticides 10 avoid or minimise the crep
diseases. In this context. biolegical control is of significance. Therefore. it has
been contemplated to evaluate the efficacy of fungicides against pathogen ax
well as its bioagents with a view to formulate an infegrated approach. the
results i this direction obtained m the present investigations are discussed

hereunder.
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Stgnificant differences among the test fungicides were established in
mhibitg the niveelial growth of the pathogen. Carbendazin: was found to be highiv
effective (100 per cent inhibition) even at lowest concentration (25 g ol Ty
Thiophanate methyl at 75 g ml 7 also resulted in 106 per cent mhibition of the
pathogen. The effectiveness of benzimidazoles m wthibiting the myveelial growth
was reported by several workers. While Sutha and Khave (1977) establishod the
sensitivity of carbendazim at 625 gg o 7 against AL phaseolina dry root 1ot
of cowpea. Taneja and Grover (1982} reported the eftectiveness of carbendazing
and thiophanate methyi at EC 0.01 and 5.9 2 M ml ) respectivety against the
same fungus on mungbean. The present findings cleardy revealed the superiony
of' the carbendazim even a1 25 pg mj agamst dry root rot of muagbean. Hooda
and Grover { 1983) demonstrated the efficacy of the carbendazim at 300 @y mi
" complete mhibition of the dry root rot pathogen of mungbean. Kirkpatrick
and Sinclair {1973} showed that carbendazim and thiophanate methyl were
found effective at 50 pg ml * agamst A phaseolina, Hyas ef al (1975} reportsd
that thiophanate methyl was more effective in inhibiting the colony diameter ax

well as mycelial growth of AL phaseoling at SO yg mi

Among the non systemic fungicides. thiran ¢ 100 per cent ). mancozeb (81 per
cent). captan (80.1 per cent) and captafol (7513 per cent) were in order of ment in
checking the growth. Sinha and Khare (1977) tound that thiram and captan ar 300 g
ml " and captafol at 500 geg mil "' inhibited the dry root rot pathogen of cowpea tu an
extent of 100 per cent. In contrast, relatively high per cent inhibition of pathogen was
obtained with thiram {100 per cent). mancozeb {81 per cent). captan (80§ per cent}
and captafol (7513 per cent) in the present study. which can be attribused to the

ditferences in the dosages used {Table 24: Fig. 6} Peshney f af, (1992) observed that
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mancozeb. thivam and captan were effectsve w inhibiting the growth of A7 phiciseodisio
at 200 we ml 7.

In the present study. 7 svstemics and f non svstemic fungicides were
evaluated for their inhibitory effects on (he mycelial growth ot /7 harzicunun
Carbendazim (30 gg ml 7 ) and thiophanate methyl {73 gg ml conmplerel:
inhibited the mycelial growth of 7 harciamum, Thiram and Captan. unou-
systemic fungicides. at 100 gg mi ' inhibited the mycelial growth to an extent
of 7422 and 76 88 per cent respectively On the other hand. captafol and
mancozeb were found to be compatible with 7 barsiwinm at all the

concentrations tested (0.1 to 100 geg ml 'y (Table 2%, Fig 7).

These findings are in corroboration with the observations of Kuruvills
Jacob (1989) who reported the complete inhibition of 7. Aarzramum with
carbendazim at SC g ml ™ Papavizas and Lewis ¢ 1983) observed that wild

strain of /. viride was sensitive to thiophanate methyl at SMygap ol 7

Kay and Stewart {1994} observed thar 7. harzianum. 7 viride and
[richoderma spp. were insensitive to thiram. In contrast, the present study
results  showed that thiram was found toxic to the mycelial growth of
[ harzianum. Singh et ol (1995} also reported the toxicity of thiram which
mhibited the mycelial growth of 77 7 per cent at 100 pg ml . While captan gnd
mancozeb (500 gg ml ) showed 633 and 944 per cent reduction
respectively. Sharma e af (199%)  showed  that captatol caused hude
inhibition of mycelial growth of 7. harzranen. However. in the present studs,
/. harzianum was insensitive to captafol ar all the concentrations tested (0. 1o

100 g in] 'y,
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5.10 DEVELOPMENT OF FUNGICIDE TOLERANT STRAINS OF
T. HARZIANUM TQ CARBENDAZIM AND THIOPHANATE

METHYL

An attempt was made to mduce new isolates of 7. /uprzianum tolerani to
varbendazum and thiophanate methyl using prolonged and repeated exposurc
to mcreasing concentrations of the fungicides and 1o evaluate their ability 1o

control dry root rot of mungbean incited by Af. phaseoling.

The native 1solate of 77 Agrzranm was acquived 8 ~ fold (25100 g mi
) tolerance to carbendazim and 2 - fold talerance to thiophanate methyi ¢ 50-
(00 pg ml ) (Table 27, 28) New biotypes of /. harzanum tolerant 1o
fungicides such as. chiorothalonil. procymidone, iprodione and vinclozolm hsve
been developed by Abd Kl Moity ¢z of (1982). Exposmg conidia 1o incressing
concentrations of the fungicides m culture media during  subsequent
subculturings resulted i the stability of some of them. Carbendazint tolerans
strains of I° Aarziann and 1. virsde (Vyas and Khare, 1986) was developed

which possess enhanced biocontrol capabilities than iheir wild tv.es

Some changes in morphological and cultural characters were obseryved
during the process of successive subculturings. In some experiments vonidia
were confined to the inocalation zone and periphery of the plate.  Abd-ti-
Moty er @/ {1982 also noticed that continuous exposure of wild straims of
[ harzianum to fungicides resulted in some morphological changes in colony

characters.

The natrve 1solates of 7 harziaman tolerant to carbendazioy a1 200 pa
mi "' {equivalent 1o 0.04% Bavistin 30 WP was evaluated for its antagoniseie

and biocontrol properties under glasshouse and field conditions in combmation



with carbendazim @ 0 02 per vent against dry  root 1ot of munebean

Integrating bivagents with sublethal doses of fungicides not only improves the
efficiency but alse reduves the dependence on chemicals (Mukhopadhvay,
1093} There are few reports avadable where purposeful tolerance was
developed in bivagents and used along with fungicides for the biocontro! of
plant diseases Papavizas e/ a/ (1982 developed for the first time purposelud
tolerance by UV irradiation of 7. A zicrmm 10 benomyl (109 e ml Y and used
for the control of & sofami. Carbendazim toletant straing of 7. viride and
I harzianum were developed by Vyvas and Khare (1986) by serially transferring
the antagonists from sublethal fo high concentration and used along with
carbendazim for controt of dry root rot of sovbean ineired by Af piuseciing

Abd EL Moity er a/ (19823 developed inteprated disease management by
combining small amounts of chemicals with a bioconirol agents tolesant 10
fungicides which effectively controlled white rot of union than either was used

alone.

5.11 EFFICACY OF T HARZIANUM, 7. VIRIDE and G. VIRENS on
DRY ROOT ROT OF MUNGBEAN BY SOIL APPLICATION
UNDER GLASS HOUSE CONDITIONS

[ vitro screening 15 not always reliable as there offen exists vy
correlation between performance in iz viro and disease control potentisl o
glass house ( Lewis and Papavizas. 1985}, There is no general. rapid and reliable
test. and considering the variability in pathogens, soils and temperatures. the
ultimate tests are still those using ‘test plants’ (Chet. 19873 iy the present

mvestigation. three isolates were selected based on their 6 vitro performanae

to test their efficacy under glass house conditions 3 10 g/kg soil in conbination



with AL phaseoling resulted in sigoiticant improyement in discase control
I harrzianion native solate showed the maximum disease reduction (82 76%:}

3

over controb which was followed by 77 viride (63 14% ), and O virens {48 37%)
(Table29: Fig 8} This reduction in discase m the sterilized soil ar maturity stage
of mungbean plants could be attributed 16 the suppression of the activity ol the
pathogen by the antagonists and possibly the absence of imerference of the
mdigenous microflora in the sterilized soil whicl allowed a full expression of
the pathogen and bioagent. This protection  of mungbean  plants  from
infection of Af phascoling throughoui  the crop growth period by

{oharzianum, Toviride and G virens clearly indicated the longer viability aad

effectivity of Trichodernu propaguies in the soil.

The efficay of Trichoderma species inwntrolling soil borne pathogens
of many crops has been well documented. Hadar er af (1979 aj reporied tha
7. harziconom effectively controlled damping ofl of besn, tomato and egg plant

seedlimgs caused by R sofar but not 8. roifsii by sesl application. Chet o7 o/

{1979} found a more efficient isolate. capable of decreasing the incidence of

plant diseases caused by S rolfsir and R solorn i natarally nfected soils, Hens
er al (1978) found that successive radish plantings induced soil suppressivencss
to R solani. L and Baker (1980}, working with a ssmilar svstem found that

[ harzicomem population increased with the morease in suppressivencss

Treating pea and radish seeds with 7. harzianrs conidia in a methocs!
sturry protected seeds and seedlings from Fvthaun spp. and K solon
respectively nearlv as effectively as fungicides treatments. 7 hamaim

propagules mcreased approximately 100 - {old m soils planted  with 7 Aars i
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treated seeds (Harman o7 of 19800 R sodani and Pyiqurom densmies were lower

m soils containing 7. hamatum than m soils without this antagonist, Sivan and
Chet (1982) found that a preparation of /. hamatam based ou the wheat-
bran/peat mixture controlled £ aphanidermatim i pea, cucumber, iomate.
pepper and gypsophila and R soloni and 5 rolfsi in beans, Loating pes aud
cucumber seeds with 77 hamaruni conidia suspension reduced Pyrhium diseasy

m the soil trom 1 5 to 4.7 times.

A mew asolate of 7 harzanum. capable of controthug
Faphamdermanon bewter than 7 samaren at higher remperatures, wis alse
tound. This led to the idea that a mixture of several isolates should be prepared
1 order to achieve activity at a wide temperarure o pHl range {Sivan ¢ o/
1984} Stvan and Chet ( 1985) found a new isolate of 7 har=icamom and apphed
it either as conidial sced coating or a bran: Peat (1-1 ypreparation, to naturalh
infested soil. The isolate significantly reduced diseasc incidence caused By
Fusarium oxvsporum 1 sp. melonis in melons. /7 OXVIPOrIIN LS Vasinfections
m cotton and £ cudmaorion m wheat 1 was also etfective against X sofom and
5. rolfsir attacking seedlings. . Aarzianum as peat bran preparation reduced
the meidence of AMacrophominag root rot of beans by 37 to 74 per cent {Had
et al. 1986). Parakhia and Vaishuav ( 1986) found that 7 Aar-ranum swhen
applied as seed treatment. soil drenching and wheat husk bran culture reduced
dry root rot in chickpea to an extent of 18, 28 and 14 per eent as compared {o
70 per cent in the check. The introduction of frichoderma with differen:
methods of application reduced disease to an apprecisble level compared with

checks,

Y



Stvan and Chet {19871 ohserved that the poidence of vrovwn vo
of tomatoes reduced by upto 80 per cent after 75 davs of sowing when
[ harzianun was applied either as seed coating or wheat bran peat preparation

Maiti er o/ (1991} found that wheat bran culture of 7 harwanunr | virnde

reduced betelvine stem rot effectively when applied at low doses (Sg/kg soil}

Kheri and Chandra (1991) reported that 7. virede when applied as seed
coating reduced nortality due to A phaseadma rom 19 o & per vent in
mungbean varieties T 44 and from 19 10 10 per vent in Pusa Baisaht i
unsterilized soil. The biocontrol efficacy of the antagomst showed an
improvement m sterilized soil. Soil amendment sith 7 Aarziconim and 7. v
reduces M phaseoiing m urdbean (Kousalya and Jevarajan. 19015 Fhe ssolares
[overide and 1 harziamen reduced dry root rof of urdbean to an exient of 30
and 2 8% as against 24% in control (Rukmant and Manappan, (994} Dinakaran
ef af (19958} found that treatment of sesamuim with AVIALONISTE 37
frichoderma harzianum, T virde and 5 subiidis was significantly reducod
AL phaseolna. Among them, 7 viride was most effective (21 0% followed by
B osubtilis (24 7% and 1 fwarcianum 25 3%

5.12 EFFICACY OF 7. HARZIANUM, T. VIRIDF AND G. VIRENS ON

GROWTH PARAMETERS OF THE HOST PLANT UNDER
GLASS HOUSE CONDITIONS.

The selected three bioagents 7 harmicnm, 1 virsde and & viresss either
atone or in combination with pathogen gave better germination and protection
of mungbean seedlings and adult plants from rottmg. The plant hieight and div

weight also increased in these treatments compared to wmovulaicd and
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T'his positive etfect of the bicagent on plant growth could serve as u
valuable factor m using 7richoderpiy as a blocontrol agent for eilociine
management of dry root rot 7 Aarziconon was the best antagonist m
suppressing the dry root rot in glass house. Based on this observation. it was
finally selected for further studies under glass bouse and field conditions. The
results further indicate that correlation exists between performance of an
antagomist in dual culture and ability to control the disease in glass house, 1he
selected antagonist 7. farzignum did not have any adverse effect on growth
parameters of mungbean thus making it suitable ax a biocontrol agent fu
management of dry root rot discase.

5.13 TESTING THE EFFICACY OQF T  HARZIANUM IN

CONTROLLING DRY ROOT ROT OF MUNGBEAN BY SOIL
APPLICATION AND SEED TREATMENT

I harzianurm applied to soil at 102 50 5 and t0g/pot and as seod

treatment at 10", 16% 10" ¢/mb 10 g seed provided final seedling stands of (92 9,
87.03. 98 14 and 90 per cent) and 74, 7770 35 per cent) respectively sver
control. /. harziconam (& & g/'kg in sterilized soil provided 97 per cent protection
in glass bouse, Such a high degree of disease control with such a4 low dose of
antagonist conclusively proves that 7 Awrzionnm 18 a bologival control agent
of very high potential. Similar type of protection was achieved by simply coating
seeds with conidial suspension of 7 harziguuem (107 omlA 10 g oseedy, oo
mteresting to note that there exists a negative correlation between the
concentration of conidia and degrec of protection { Table 31 Fig 10). This s

be due to the phenomenon of self inhibition (Harman ef o/ 1981} ience an

optimom dose of 10" ml was selected as seed treatment since the quantity of

e
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antagonist required is very less and can be easily adopted for large seale Held

applications.

Comparnison  between sotl or seed treatments as mode of treatment
mdicated a better response with soil application. Similar sbservations were obtained
m chickpea (Parakhia and Vaishnay, 1986), and mungbean (Samivappan o7 o/
1987). Parakhia and Vaishnav (1986) found that 7 Aarzianum, when applied
as seed pelleting. soil drenching with a spore suspension and application as wheat
husk bran culture superior to other methods for chickpes root rof caused by
M. phaseolina. T harziamem and 7. viride as seed treatment was inlerior 1o soil

application (Samivappan er al. 1987 1 controlling dry root rot of nmngbeas

In the present investigation. soil application @ 3 g/ kg soil and seed
treatment @ (10°Cml) of 7. harzianum provided better control of the disease

under giass house conditions.

For seed treatment with antagonists. vanous stickers like carbosy methyi
cellulose (CMC), methocil. pelgel and gum arabica have been used provigusly
(Krishnamoorthy, 1987} In the present study, CMC gave good responsc. as the
surface of mungbean seed is smooth in texture, the spores stick well 1o the veed

coat and improved the disease control.

5.14 INTECRATED CHEMICAL AND BIOLOGICAL CONTROL OF

DRY ROOT ROT OF MUNCBEAN UNDER GLASS CONDITIONS

Integration of biological control with other costrol methods mav be
required to increase vield and quality and to minimise environmental hazards

Efficacy of a biological control svstern can be improved by utilizing the


http://increa.se

antagonist as & compoenent of integrated disesse management systen
Integrating broagents with sublethal doses of fungicide not onlv improves the
etficiency but also reduces dependence on aerochemicals (Mukbopadbvay
1995). T the present study carbendazim was highly effective against test pathogen,
compared to all other fungicides tested in the laboratory.  As 1 harzionue
was sensitive to carbendazim. fungicide tolerant strains of 7 Aarcurirs vwas

developed and used in mtegrated control trial under glass house condtions.

Apphication of 7. harzianem o soil {3 gipor) and seed (10 comidy i
combmation with sublethal doses of carbendazmm (0.02%) recorded loss
mortality and gave significant improvement in the protection of numghbean
agamst A7 phaseoling than soil application or seed treatment alone { Table 3.
Fig 11} Integration of biological and chemical control seems to be very
promising way of controlling pathogens with minimal interference with the
brological equilibrium {Papavizas, 19733 Similar results on miegration o

frichoderma with chemicals was reported by several workers

Curl er al {1577) obtained a slight additive besefic o biological control
of the antagonist towards £ soflan: in cotton by addition of PONB at 2 and 10
pg/g soil. together with 7Trichoderma sp integrating low doses of PONB {0
to 4 g kg'yand 7. Aarzienom reduced the moculum potential of R sofaur and
mmcreased disease control in radish {(Hemis of of  1978). Chet vf ¢f {1979
reported a synergistic eftect resulting from the interaction of 7 harzianum and
sublethal doses of PONB when applied against & solwn in beans. Hadar o7 o/

{1979) observed that PONB (1-2 g kg soil) together with 7 Aarzicoim

o



{31 UOLIMPIE ISEISI( ]

I . P -
s i 1. L It

997493707200 ta ¥ %5077 402 %009",

Si-
A5

{2,) AljRLIOW ULy

o
%
+

Swad treaiment

Sl trumtinent

 Drisease reducnond )

4
i

Effect of mntegration of control methods on dry root ot of mungbean.

e



meracts svinergisticaily with sublethal doses of dungicides and controlied
K_osolanm m egg plant than either was applied alone. Application of lungicide
tolerant stram of 7. harziamom (o carbendazim {100-500 e i’y w
combination with carbendazim effectively controlied 72 solan in cotton and
radish {Papavizas ef o/ 1982} Papavizas and Lewis ( 1983} found that 7 virade
and carbendazim (100 ppmy controlled 5. ro/fsic in beans. Lewis and Papay ias
{1984) also reported similar phesomenon that in the approach of an integrated
control the pathogen was first weakened by the chemical was subsequently
controlled tor longer periods by Trichoderma. lad vr al (1986) reported that
7 harzianum was as eftective as the chemical and combiuation of bivagent and
low doses of PONB (25 pg g ' soil) slightly enhanced disease control m begns
and melons from M. phaseoling. Integration of PONB {5 mg kg’ soil} with
sorghum culture of 7 Aarzianum (0 g kg™ soily reduced S roffsi in sugarbeot

and ultimately increased the growth paramciers of the host plant (Upadhvay and

Mukhopadhvay, 1986)

Alagarsamy and Sivaprakasam ¢ {988} observed that seed pelleting with
carbendazim m combination with 70 virrde reduced the seediing mortality i cowpe:
from A7 phaseolina besides enhancing growth characters like shoot fength. roos
length and drv matter production 7 farzicrme and 7 veride in combination with
thiram reduced the incidence of seed borme fungi in clusterbean (Shivanna and
Shetty. 19893 Rukmani and Manappan (1904) found that 7. Jfwamainn:
carbendazint recorded the least disease incidence {2.38 per cent) of dry root

urdbean as against the control which recorded 32.07 per cent.
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515A MACROPHOMINA SICK PLOT

The poison distribution has been shown to be an approximate model fos
bmary data when u is much larger than mean This is espectally an approxinate
model for random pattern of fungal propagules in sampling units. Madden o
al {1995y have conclusively shown that the poison distribution forms an
appropriate model for binary data when n s much larger thay mean  The
distnbution 1s approxmmate for count data that had no upper bound or one which
1s much larger than obsenved data. The results of the present investigation also

confirm the same patiern of distribution of the fungal propaguies in the sod

515 B INTEGRATED CONTROL OF DRY ROOT ROT OF
MUNGBEAN UNDER FIELD CONDITIONS

@

An “Integrated Disease Management Strategy”
eftective management of dry root rot of mungbean using carbendazim tolerant
tsolate of 7. Awarzwernnum, sublethal doses of carbendazim. neem cake and soil
solarization as components. During Ahacrif 1994 carbendazim - tolerant isolaie
of 7 hwerzianum was used as a component of 1M strategy while m rabr (905
the carbendazim - 1olerant 1solate of 7 Aarziamem was used with wild

mtroduced iselates of 7 viride and €5 virens as a wisture with carbendazim

Under field conditions, a maximum disease reduction of 6746 aud
6215 per cent  dry root rot and 6879 and 69 90 per cent leal bhght

respectively were achieved by integrated application of soil solarization,

was developed tor

PN



/o harzianum and carbendazim duriug Aharif 1994 and combination of three
bloagents with carbendazim in rads 1995 (Table 33, 34; Fig. 12, 13} {he
combination  of breagent with pathogen. solarization. carbendazim. neem cake.
with other bioagents viz | 7 virde and <& vurens were found significanth
supertor over check and on par with each other in reducing the discase in boih
the crop seasons The plant height and bromass increased substantially ove
checks in all the treatments mvolving bioagent alone and in combination with

other treatments

[ harziarum alone and i integration with  soil solavization,

carbendazim, neem cake and other bioagents gave significantly higher vields
over chiecks in both the crop seasons, Maximum vields of 655 and 5 99 4 hy

respectively were recorded in the treatments involving hicagent el
solarization + carbendazim, combination of three bioagents and carhendsm

during kharif 1994 and rabi 1995 respectively |

Although it 1s well established that cenain diseases can be controiicd
cither completely or partially by the use of hiocontrol agents. 1t is undersiood
that the best method to control diseases is through integprated discasc
management wherein a biocontrol component would be significant. In the past.
biocontrol agents have been used alone to control diseases. their integrated e
with other management practices has been inadequately stadied and practiced
The results of the present investigation revealed that 1DM strarepy is greatiy
promising in the management of dry reot rot of mungbean which s not possible

with either of the existing management practices alone.

B3
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The miegrated brological control of plant pathogens has been discussed
by several workers {(Baker and Cook. 1974, Elad ¢/ o/, 1980; Kiassen, 19%1:
Chet o7 wl 1982 Cook and Baker. 1983 Sivan er ¢/ 1984 Strashnov o7 af
1985, Sawant and Mukhopadhyay, 1990, Upadhvay and Mukhopadhvay, 1936,

Vyas and Khare, [986: Kaur and Mukhopadhyay, 1992 Vyas, 1994 Jayraj and

Rambadran, 19963,

The use of Trichoderma sp. as a potential biocontrol agent i the
integrated brological control of plant pathogens along with other discsse
management practices has been discussed by Chet and Henis (19851 and
Papavizas (1985). It has been pointed out that since 7richodernia donunates i
soil treated with a sublethal dosage of pesticides, proliferates easily to produce
antibiotics, competes for natrients, and acts as a mycoparasite, its role in

meegrated biological control may be of practical significance.

Disease management practices used jointly with biccontrol agents
includes the use of fungicides and resistant varieties as well as other caltural
methods (Klassen. 1981) including solarization (Katan, 1981 Chet 07 2/ 19823
Integrating biological and chemical control scems a very promising way of
controlling pathogens with minimal interference with biological eyuilibric s

(Papavizas, 1973 Henis and Chet, 1975, Baker and Cook. 1982).

Important pathogens have been successtully controlled by an integrated
approach using brocontrol agents and fungicides. These molude Armilicris

mellea on citrus by Trichoderma + methvl bromide {Ohv o7 al. 1973, 5 roifs
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and K. solam in beans and carpation by [ Acrzianum & PONB (Flad ef of
LGB0, 19813, K solanr on radish by 7 Aarzianun: + PONB (Harman <7 o/
P98 1) R solani in strawberry by 7. Jwerzicron + methyd bromide (Munneeckhe
et al 1981). R solam and 8 roffsy in groundout by 7 harzianum and methyvi
bromide (Flad er al. 1982). Phviophthora capsici on pepper by 7 harzionon
“ metalaxyl (Papavizas and Lewis, 19813 5 cepivorum  in onion by
[ harzianum + Ipro dione (Abd-Fi-Meity e al. 1982), Pythion ultimum in
pea by 7. harzianum -« metalaxvlt (Krafl and Papavizas, 1983). Pvihian in
gypsophilla cuttings by 7 Aarzicmgn + prothiocarb (Sivaw of af.. 19841
R solamiin beans by 7. harzianum + methy] bromide {Strashuoy o7 af 19833,
Pyvthoum  aphanidematum in sugarbeet by 7. hartianum - metalaxy
(Mukhopadhyay and Chandra. 1986), 5 rofisiz in sugarbeet by /. Ay
“ PONB  (Upadhyay and Mukhopadhvay, 1986). AL phasev/pw
soybean by [ harzianmum, Tovirde + carbendarim (Vyas and Khare

1686}, P aphanidermatum m canliflower by 70 Jwrniarmem + metalasyl oy
thiram: (Mukherjee ef o/ 1989). 17 dhalue in potato by T harcianum ¢ captan
(Ordentlich er al. 1990). P. phamdermanon in sugarbeet by 7 harziconim
metalaxyl (Sawant and Mukhopadhvay. 19903 Fusarin oxvsporum fsp, cicers
R solani and S. rofisii in chickpea by 7 harzicomm + vitavax 200 (Kaur and
Mukhopadhyay. 1992). Pyvtiium v tomato by G virens + thiram and Cobos 1
{Kumar and Mukhopadhvay, 19943 At phaseoiing in sovbean by 7 virde, !
harzianum + carbendazim {Vyas, 1994, Al phaseociing in mungbean by [

harziarm -+ carbendazim (Javraj and Rambadran. 1996). § roifsii in

groundnut (Muthamilan and Jevarajan. 1996} ln the present studies successful

i
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contred of dry rool rot of mungbean was achieved by integratation of 7.

harzicnum with carbendazim,

Carbendazim tolerant strain of 7 harzianum was developed and was
blended with carbendazim i the development of [DM strategy for management

of dry root rot of mungbean under field conditions.

For enhanced control of soil-bome diseases by blending techaology
using Trichoderma sp. and fungicides. the biocontrol ageat should be
compatible with such fungicides and possess the required tolerance
Trichoderma sp. are known to have greater tolerance for broad spectrum
tungicides than many other soil biota and to colonize the treated soils muore
rapidly than other soil competitors (Mannecke, 1973). Trichoderma was
predommant 1 the soil after treatment with the biocides. but also persisied tin
more than half an vear. Induced mutation is is onw of the most commonly uscd
practice to modify the genetic composition of microorganisims meluding
antagonistic fungi (Alikhanian, 1962 Ball, 1980 Papavizas, 1981) Purposetul
mduction of tolerance to fungicides in [richoderma species and the selection of
stable biotypes for use in combination with fungicides is one of the several
options available for establishing an effecrive management systen. These
tolerant strains possess enhanced biocontrol capabilities than their respeciise

wild types.

Different fungicides and soif fumigants are widely used for contraling

soil-borne diseases. Because of the concern regarding the toxicity of thuse



compounds, there is a general irend to reduce the amounts applied to seil In
the present study. carbendazim was used at sublethal doses (0.02%) foy
developing an IDM strategy. One of the most attraciive ways of reducing the
amounts of tungicides is the integration of sublethal doses of chemtcals with
Trichoderma sp. which is resistant to relatively high doses of methyl bromide
(Munnecke, 1973} and PONB (Elad ¢r o/, 1681 = o Davet er af (1981
found that benonyl inhibited Trichoderma growth while thiram enhanced it
Papavizas ef ¢/ {1982) found mutants resistant (o benomyl. These indicate the

posstbility of combining some appropriste chemicals with this biocontref agent.

Many workers have obtained successtul control of soil-bome diseases
m various crops by imtegrating bioagents with sublethal doses of fungictdes
Introduction of /. choderma with sublethal doses of fumigant such as meiby!
bromide has shown better resuits than use of Trichoderma alone for
management of sotl borme pathogens {Strashnov ¢7 af . 1983} This has hesn
attributed to higher tolerance of 7richoderma 10 sublethal doses of funigani.
which kills most of the other soil microorganisms feaving richoderma io
fluorish with mimimal competition (Munnecke, 1973 OGhr er ai, 1973). Sawant
and Mukhopadhyay (1990} obtained good control of Pythinum damping off n
sugarbeet by the addition of 7 Aarziamten and metalaxyi at low doses. which
were less effective individually, but when used o combmation, they had an
additive effect providing 84- 100 per cent disease control Vyas (1994 reporied
that simultaneous application of 7. harzianmm or T viride with carbendazim as

soil drench (125 ppmy) reduced dry root rot of soviean effectively under field

’ LS d



conditions. Dry root rot of muangbean was also effectively controfled by
fungicide tolerant strain of Trichoderma and S00 ppm of carbendazim (Javig

and Rambadran ( 1966

The common control freatment of K sofani in strawberry s soi
fumigation of nurseries and fruiting fields with methy]l bromide {Wilhelm and
Poulus, 1980). However, because planting material is usually 1aken from fast
vear's fields. a build-up of the pathogen population in fields and the strawberry
plants themselves can result a phencmenon which can enhance adverse soil
reinfestation. Successful application of Trichoderme in commercial nurseries
and fields (Elad er a/ 1981 ) revesled the possibility of using this bioconiral
agent for reducing such reinfestation landeed. Trichoderma spp. is the most
common antagonist to reappear after sodl fumigation, since they have few
competitors and can reproduce rapidiyv {Munnecke ¢z of . 1981). Application of
{ harzianum after soil funygation with methyl bromude improved the contral
of both S rolfsii and R. solani in a peanat field Although soil fumigation
controlled the diseases caused by these pathogens, rapid reinfestation followed.
7 harzianum prevented reinfestation of the fumigated soit (88 per cent
reduction both n a controlled environment and under field conditions)y. iy
combined treatment. fumigation and application of 7 harciczmom caused
almost total morality of sclerotia in the soil Transpianting of tomato plants
treated with 7. Aarzianum into soil funugated with methyl bromide reduced
disease incrdence caused by S rolfsi and B solan: by 93 per cent and mereascd

yield by 160 per cent {Elad er o/ . 1982}, A combination of 7 harzianum and a



reduced dose of methyl bromide (200 kg/ha) gave a significant svnergistic
effect in carrot seedlings against dampmg-off caused by B solan and had s
stmilar eflect on growth, vield and diseases control as that of the reconmmended

dose (Strashnov ef af. 1983}

The positive effect of integrated control was also observed sith
Pythium. Application of I' harzianum preparation combined with the fungicide
prothiocarb to a rooting mixture infected with P aphamdermamm resufted in
a synergistic effect, reducing disease incidence m gvpsophilla cuttings beter
than either treatment alone {Sivan er /. 1984} Imtegration of dexon with seed
coating of 7 harzianum reduced the percentage of diseased cucumber planis
from 53 10 9, results superior to those of each treatment alone (Flad ez o/ |

19833,

Data from most expeniments {Grinstem e/ </, 1979) indicated tha
integration of low doses of fungicides with 7richoderma improves control of

soil-bome diseases

Enhanced control of several soil-borne diseases by the integrated use of
the frichoderma species and soil solarization has been demonstrated (Chet 1
al. 1982 Elad er /.. 1980: Katan, 1985). These workers have observed an
enhanced control of the diseases caused by R solowr and S rolfsii by a
combmation of 7. harzianum and selarization. The solarization technique has
a great potental in biological control particularly when used i conjunction with

the biocontrol tactics (Katan, 1981, 1983} In this process the pathogens arc



weakened or killed by a synergistic effect of the two components The
solarization. which involves solar heating (a phyvsical phienomenon), makes tiwe
pathogens more vulnerable to antagonisim by the biocontrol agents Another
practical applicaton of this techmque is that at tmes the population tevel of the
resident antagonist 15 augmented by natural solanization and therefore, by usmg
this technique, using alien antagonists which are not generally acceptable to the
new habit can be avotded. Thus. the results of the present study olearly broughi
out that the native isolate of 7 hgrziamun was more effective 1o mhibibing the
growth of K. bataticola in vitro and reducing the mortality of mungbean plants

under glass house conditions compared te the 1solates of 7. Aarzianum . 1 viride

and (. virens obtamned from Pantnagar. Commbatore and Rajahmundry.

Due to solarization. the average soll temperatures under poly thene
mulching exceeded 35 °C. which is in the lethal range of masy soil borae
pathogens. The increase in soil temperatures during solarization has been
considered as the major driving force for various biclogical changes i the soil
(Katan, 1981). Accumulated hours of bigh temperature was considered 1o be
primarily responsible for sclerotial mortahty under meist conditions. This was
found to be coupled with annulment of fungistasic.s at high temperatures leading
to germination of scierotia. Germinated sclerotia arc more prone Lo attach in
antagonists and also to high temperatures (Lodha, 1989) Solar heating of the
soil may involve both physical and biological methods of control of seil-berne

pathogeus (Elad er al.. 1980). Populations of richoderma micreased with

increasing time and maximum population of 34 x {0 and 28 x 10’ cfu/g soil was

IR
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recorded 1n the plots with a combination of bicagent + soil solarization

fungicides in kaarif and combination of three bioagents with fungicides in rahs
observed i pathogen checks during two seasons. respectively {Table 3¢ 37
Fig. 14). Conversely, the dechine in the population of 1/ phaseo/ma from 16 34
x 10" and 17.83 x 10" respectively. in pathogen checks during dhari/ 1994 apd
rabi 1995 10 1.26 x 10" and 2.26 x 10" in plots with a combination of biosgent
“ solarization ~ fungicide in Asarif, combination of three bioagents with
fungicide m rabs which could be attributed to the enhanved amagonistic aciivity
of the bioagent (Raghuchander of ol 1993 Theradimani and Marimuihu,
1993 Muthamilan and Jeyarajan. 1996) Sbhetkh and Ghaffar {1984) also

reported successful control of A/ phaseolina by s6il solarization.

The mtegrated use of Trichoderniz. neem cake and carbendazim reduced
pathogen survivability., favoured the proliferation of native isolare of the
bioagemt and ultimately reduced the disease mcidence. These resalts are in
agreement with the findings of Arvjunan e7 o/, {1987), Raghuchander ¢; o/

{1993}, Ratnoo and Bhatnagar ( 1993) and Theradunani and Marimutha {1993}

There was a remarkable improvenient in the accamulation of dry maiter
and plant height in all the treatments myolving broagent combinations over
uninoculated and pathogen checks { Table 33, 34 Fig. 15}, Similar mereases in
total plant height and dry matter production was observed by using binagents
and other methods i beans (Elad ¢/ o/ 1980}, sugarbeer {Upadhyay and

Mukhopadhyay, 1986). munghean (Raghuchander ¢/ @/ 1993 Javaraj and

Ramabadran, 1996} and cucumber (Chattopadhivay and Sen. 1896).



(F) 1dom LIy

e,
o] r— —

: AN
R A s

ATRERIINITITHE R

Treatmenis

i with other

ght of mungbean during

i harz

" bivagent

ntegration of

3
i

fect of
treatments on plant height

kharif 94 and rahr 95

r

Fig 19

ot

and dry wey

-,



The btoagent combmations mereased yield of mungbean m both the
seasons {Table 33, 34: Fig fo} KSimilar vield increases with bioagem
combinattons have been reported earlier in different hosts (Elad 7 o/ | 1980
1986, Kraft and Papavizas. 1083, Upadhyayv and Mukhopadhvay  [9%0
Ordentlick er @/, 1990; Kumar and Mukhopadhyay. 1994 Javaray and

Ramabhadran. 1996 )

It s evident from the results discussed that the mregrated use of
biocontrol agents with other diseases control practives is a better strategy than
either was used alone. Because of this, in recent years there has been much
emphasis placed on the integrated biological vontrol of plant pathogens using
different useful components This approach may prove more effective where no
single component is effective in controlling seil-borne diseases such as dry root
of mungbean. As stated by Klassen {1984, "high priority should be given in
systems research to optimize the joint use of biocontrol agents with other
control methods in mtegrated pest management for insect pests. plang

pathogens, nematodes and weeds'

Although successful management of dry root sot of mungbean has been
demonstrated in the present investigation by developing an 1DM strategy by
blending a carbendazim tolerant strain of native isolate of 7. Aarzranum proved
to be more effective than alien species. sublethal dose of carbendazim and
soilsolarization, such as empirical approach needs further refinement 10 be very
promising for agricultural application. There is need to induce stable mutanis of
I harzianum tolerant to carbendazim. It is at once fairly obvious that the
prospects for blending such isolates in IDM strategy would be very promising

for agricultural application
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5.16 INFLUENCE OF WEATHER FACTORS ON THE INCIDENCE OF
THE DISEASE

Envirenmental factors have profound influence on the development of

the disease i mungbean crop. Dry reot rot disease increased gradually and
reached maximum at the time of harvest during both the seasons of kharif 1694
and rabi 1995 The spread of the disease was found maximum when the
temperatures vaned from 29 4 to 30°C with relative humidity between 83 1o 00
per cent accompanied by low rainfall {0 1o 40 mm) resolting in maximum disease
intensity ie. 254, 6.94 and 27 82, 7 41 per cent root roi and leat Blighe.
respectively during the two crop seasons. High temperatures prevailing during
the crop growth pertod probably caused withering of the mungbean crop in
control plots. Ramnfall at different time iotervals of dry spelis favoured the
germination of sclerotia which  might have infected the pre-disposed
susceptible roots of the host plants. The present findings indicate that relatively
high ambient temperatures and Tow relative humidity accompanied with fow
ramfall contributed to soil moistureswater deficit edaphic factors and vesulted
in high incidence of the disease in control plots. Environmental factors
attributing to soil moisture stress are known to he congental for developmen
of Macrophomina blight (Dhingra and Sinclair, 1878 Grover and Sakhusa
{1981} reported that foliage blight of nmngbean was favoured at 3¢ -35 °C with
90 per cent relative humidity levels. The observations regarding the role of high
ambient temperatures and low relative humidity and fow rainfall on the
development of dry root rot of mungbean are in accordance with the present

findings.

£y,



The results of the present study indicated the need for future research i

directions as suggesied below:

&

Mass multiplication of the bivagents has (o be standardised.

Commercialization  of the product formulation of the bivagent by

meorporatingslowly utilizable nutrient source (o permit long duration

survival and proliferation i storage has to be exploited

Concerted efforts are needed (o develop effective fungicide tolerant

strains through genomic modification.

Fforts should be made 1o utitise all feasible componentz of discase
management viz.. chemical, physical. cultural, biological and resistant

varieties to develop an IDM strategy.

Efficacy of bacterial and actinomyveete antagonists in combating the dey

root rot pathogen can be explored.

None target effects of 70 harziarnmm on other soil borne pathogens can

aiso be studied.
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CHAPTER I
INTRODUCTION

By the turn of the century, India’s.population is
likely to cross the one billion mark. More than 220 million
tons of food grains are required to be produced for meeting
the food needs of the ever increasing population by then. At
the current level of production of around 190 m.tonnes the
country is expected to push up its food production by more
than six million tonnes annually to meet the target of 220
m.tonnes by 2001. Keeping in view the past pchievements on
the food front this phenomenal growth in food production is
not beyond reach. With the scope for expansion of cultivated
area further being a very much limited, the need of the hour
is to optimise productivity of crops particularly in the well
endowed irrigated areas where high yielding varieties of
crops with better biological yield potential have been
successfully introduced and popularised along with the other
management practices, for obtaining higher yields of crops.

According to Brown and Roy (1982), fertilisers
contributed upto S0 % rise in crop yields. More recently,
Randhawa (1992) credited fertiliser to be responsible for 60
% of the increased yield output. Despite 175 fold rise in
fertiliser use since Independence {FAI statistics) soil
fertility management continues to be the important agenda for

scientists and farmers. Wherever irrigation water has been



available improper and even excessive fertilisation is a
common practice which is causing concern.

It is estimated that the target to produce 220
million tons of foodgrains and other non-food crops by the
year 2001 will mean an expense of 28.8 million tons of major
plant nutrients wviz., nitrogen, phosphorus and potassium.
Among the three nutrients, nitrogen use itself accounts for a
lion’s share of about 18 m.tonnes.

Consequent upon green revolution, the importance of
fertilisers for increased crop production was well recognised
by the 1Indian Farmer, In the fertiliser dependent
agriculture, nutrient use efficiency has to be addressed with
both the short term goal of increasing yield and economic
return and the long term need to sustain and improve the
productivity of the most basic resource - the soil. Rice
yields have increaged dramatically since 1966, with the start
of the green revolution. Most of the gain in yields can be
attributed to two factors viz., improved wvarieties ang
increased use of nitrogen fertiliser. In India, with the
growing popularity of improved high yielding varieties of
crops, a phenomenal increase in the fertiliser consumption is
evident.

Nitrogen fertilisers account for the major portion
among the fertilisers used because most Indian soils are

impoverished particularly with respect to N and P.



Farmers have been using disproporticnately large
quantities of fertiliser N compared to that of P and K.
Therefore, any reduction in the cost on manuring necessitates
among others, more rational use of nitrogenous fertilisers.
To evolve proper nitrogen fertilisation schedules for
different crops, a precisgse estimate of native (soil) nitrogen
availability has to be worked out.

There is a need for a more rational approach to
fertiliser N recommendation. Fertiliser N use practices are
influenced primarily by such considerations as crop response
to N rate, expected crop yields, cost of fertilisers and
their availability. The amount of mineralisable (available)
native soil N and residual fertiliser N also contribute
significantly towards meeting the N reguirement of crops.
But these aspects are largely ignored in formulating
fertiliser N recommendations.

A rational approach to more a meaningful N
fertiliser recommendation requires a knowledge of three
criteria viz., N requirement of crops for a particular
targetted yield, potential of the soil to supply N in
mineralised or available form and the amount of resgidual
fertiliser N available from previous application. An estimate
of the efficiency of N use for a specific set of crop, 8goil,

climate and management conditions is also essential .



Scientists have long recognised the need for a
method that would provide a reliable index of soil N
availability, an estimate which would allow for an accurate
prediction of the amount of fertiliser N necessary to produce
the desired yield 1levels. The suitability of a so0il test
procedure in general 1is judged by obtaining the correlation
coefficient between the s0il test values and yield/nutrient
uptake and response to added fertiliser nutrients. With the
price of N fertiliser closely related to the riging cost of
of energy, the development of reliable soil test for nitrogen
has a lot of relevance. Review of the many suggested N
availability indices indicate that there is no universally
accepted method which can be adopted for wvarious situations.
The necessity for conducting systematic research on soil
testing was fully recognised when the All India Coordinated
Research Project on Soil Test Crop Response (STCR)
Correlation was initiated in the year 1967. Since then, a
number of studies have been conducted by the network of
research programmes under the project at the different
locations of the country. The main purpose of these studies
was to screen and select the most appropriate soil test
procedure and to calibrate location specific fertiliser
recommendations for different crops for yield optimisation

and rationalisation of fertilisation. A basis was also



developed to evolve soil-test based fertiliser
recommendations for targetted yields as early as 1967, by
Ramamoorthy et al (1967). However, there is a continuing need
to revise fertiliser recommendations for increased crop
yields because of the changing scenario of cropping, cropping
intensity and fertilisation practices adopted by the farmers
throughout the length and breadth of the country. Velayutham
et al (1985) have identified a number of research gaps in the
STCR correlation studies.

In Andhra Pradesh, STCR experiments have been
conducted in farmers fields in the districts o©of Hyderabad,
Guntur, Nizamabad, Khammam, Medak and Kurnool. In order to
improve fertiliser use efficiency, similar soil test
calibrations need to be developed for different soils, crops
and cropping systems in the state. The need for such studies
is all the more appropriate in large irrigation commands for
optimising crop yields and to prevent imbalanced
fertilisation practices. If excessive fertilisation is
adopted, which is common 1in larxrge irrigation project
commande, the practice, in addition to being economically
wasteful is also ecologically unsustainable causing large
scale pollution of water bodies and soil degradation. If the
fertilisers are not used to the desired extent, the yield

potential of crops remains unexploited. To evolve appropriate



fertilisation practices, targetting the individual commands

are more appropriate. With these aspects in view, the studies

have been conducted with the following objectives

1. To conduct a survey of rice soils in Sreeramsagar Project
for determining fertility status and classify soils into
different fertility groups.

2. To evaluate the utility of currently adopted N availa-
bility indices in so0il testing laboratories in Andhra
Pradesh for recommending N fertilisation to rice.

3. To assess the yield response of rice to N applications in
s0ils with varying native nitrogen availability status.

4. To develop a realistic approach for recommending N ferti-
liser application based on native soil fertility status,
crop reguirements of N and targetted yield of rice.

It is presumed hopefully that from the studies
carried out it would be possible to recommend an appropriate
s0il testing procedure for adoption by the State Soil Testing
Laboratories to determine the N availability indices. Based
on this indices N fertilisation schedules can be recommended
for rice crop in the Sreeramsagar Project command which is
one of the largest irrigation projects in the state. The
project has in its command 3.97 lakh ha spread over four
districts in the state. The results of these investigations

are presented and discussed in the thesis.
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CHAPTER II

2. REVIEW OF LITERATURE

Nitrogen as a plant nutrient is considered as one
of the major requirements to realise the yield potential of
high yielding genotypes of crops. Most of the rice soils 1in
the world are recognised as deficient in N (Patnaik, 1978) and
in India about 67 per cent of rice soils are estimated to be
deficient 1in Nitrogen (N) (Mahapatra et al - 1985). Enhancing
the fertiliser use efficiency is essential not onty for
increasing the agricultural production but also for realising
the maximum returns from the investment on fertilizers at
individual farmer’s level. Fertilizers are becoming expensive
and account for a major portion of cultivation costs. Advice
to the farming community on the guantity of fertilizers to be
applied 1is normally generated from field ¢trials using
different levels of fertilizer nutrients and deriving a mean
optimum dose as a general recommendation from the soil test-
crop response correlation in a given agro-climatic region.
Recommendation based on Jocal soit test crop response
relationship data commonly provides the site specific

fertiliser requirements for crops.



With the objective of evaluating utility of
currently adopted N availability indices in s0il testing
laboratories 1in Andhra Pradesh and derive a basis for
recommending N fertilizer based on native soil fertility
status, N uptake and yield of rice under Sreeramsagar Project
Command Area, the present study was undertaken. The relevant
Titerature has been reviewed here under two separate heads
namely

i) Soil test methods ; and

ii) Response of rice to N fertilization.

As the present studies relate to Soil Test Crop
Response Programme, the relevant data generated under the A1l
India Coordinated Soil Test Crop Response Correlation Project

is also reviewed here.

2.1. SOIL TEST METHODS
On a global basis, the total N content of soils
range from 0.02 percent in tropical scils to more than 2.5
percent in soils of temperate regions. The surface layers of
most cultivated soils contain total N ranging between 0.06
and 0.5 percent. The total reserve of N in soil 1is almost
entirely restricted (about 95 %) to organically combined form

(Bremner 1965).



Indian soils have very low N content because of
tropical climate. The low level of nitrogen in Indian soils
is attributed primarily to climate and secondarily to

sropping (Jenny and Roya Chaudhury 1960).

A sound soil test methodology 1is essential for
recommending dependable fertiliser use. Scils all over the
world would probably more often be deficient in N than any
other nutrient and yet there is no universally accepted
laboratory method to test soils for available N. This is
reflected 1in part on the fact that 97 to 99 per cent N in
soils is present in complex organic matter and conversion to
organic compounds that are not available to plants. Thus, N
slowly becomas available to plant through microbial
decomposition of the organic matter and conversion to
available inorganic form of N,

Three important steps in soil test methods are
i) Selecting an extractant
ii) Correlating the amount of nutrient extracted (test value)

with the amount taken up by the plant and
iji) Calibrating the test value in terms of its effect on
some desirable crop characteristics, usually yield of
marketable product (Coney, 1987). A measurement

quaiifies to be termed a soil)l test for a particular

1



nutrient if and only if, it provides information on the
fertilizer reqguirement of a crop for that nutrient
(Colwell, 1967).

The fertilizer requirement of a crop 1is not a
static one but changes depending upon the marginal rate of
return expected by the farmer on the investment made on
fertilizer. Soil testing may therefore, be defined as a tool
for rapid soil chemical analysis to assess the available
nutrient status of a soil, interpretation of the test results
and making fertilizer recommendations based on crop responses
and economic considerations. For this, the soil tests have to
be calibrated. The process of evolving the relationships
between so0il test and crop yields 1is commonly referred as
calibration of soil test values. A calibrated soil test value
for a particutar nutrient will 1indicate the degree of
deficiency of that nutrient to achieve a desired yield goal
and the amount of the nutrient needed as a fertilizer to
correct that deficiency depending upon the expected marginal

ratio of return.

2.1.1. SOIL TEST METHODS FOR NITROGEN
It is essential to know the N supplying capacity of
paddy soils for judicious and efficient use of fertilizer

nitrogen. Many biological and chemical laboratory methods of

10



testing soil for available N have been proposed for
predicting soil N availability (Bremner, 1965, Chang, 1978,

and Sahrawat 1983).

It is important to evaluate nitrogen soil tests for
selecting the best method which can be used in soil fertility
evaluation programme for deriving optimal benefits from
nitrogen fertilizers (Dubey et al, 1972). Most of the Indian
soils have been categorised as low to medium with respect to
available N content.

The chemical indices include simple methods such as
measurement of organic carbon and total nitrogen content of
soils. The logic behind using organic carbeon as an index of
s0il N availability is that the availabile N pool in soil
ultimately comes from organic matter through the process of
mineralisation, Soil testing Tlaboratories 1in India use
organic carbon content as an index of nitrogen availability
to rice (Sahrawat, 1983, and Minhas and Bora 1982). Other
methods include Total N (Sahrawat,1980}, mineral N (Bajaj and
Singh, 1980), alkaline potassium permanganate digestion
(Ssubbiah and Asija, 1956), Acid KMnO4 extraction (Sahrawat,
1978), Hydrogen peroxide oxidation (Sahrawat, 1980), acid

dichromate extraction (Sahrawat, 1878}, Autoclave method



{Sarma and Pomaraes, 1992), extraction with dilute sulphuric

acid (Sahrawat, 1982), boiling CaC] (0.01 N) extraction
2

{Dolomat et al, 1980), alkali hydrolysis with <Ca(OH) , or
2

NaOH (Prasad, 1965), sodium pyrophosphate 0.5 N extraction

(Dolmat et al., 1980), boiling H O (Ghosh, 1980), and NaHCO
2 3

{Gheosh, 1970).

Biological indices include incubation of soils with
out and under submergence at different ambient temperatures
(361 35" and 40 C) for varying periods of time ranging from 6
to 14 days and in some cases for as much as 12 weeks. Aerobic
{submerged ) incubation methods are at 30° ¢ for 1-2 weeks
(Sahrawat, 1983). Simple methods of N supplying of soils
capacity based on biological and chemical indices were also

15
proposed (IRRI 1965), The A-values determined wusing N

labelled fertilizers could also be used to determine the N-
supplying capacity of the soils (Fried and Dean, 1952). The
recent techniques on Electro-uUltra~-Filtration (EUF)
facilitates extraction of nitrogen from scils with varying
voltages and temperature (Nemeth, 1979). Plant analysis is
yet another accepted method of determining nitrogen supplying
capacity of soils for diagnosing and correcting nutrient
deficiencies based on critical nutrient values (Chapman,

1971).



Subbiah and Asija (1956) observed a significant
correlation between KMNO#4 oxidisable N and yield responses of
paddy and wheat. Bajaj et al.(1967) found that alkaline KMnO4
method was correlating significantly with percent yields of
wheat and paddy. They also observed that for the surface
sotl, the NO’ potential gave significant and positive
corretation (0.856 xx) with the yield of rice (IR-8).

Prasad (1965) estimated potentially available N in
soil wusing Ca(OH)g, for hydrolysis and obtained significant
correlation with N uptake by millet grown on sandy and silt
loam soils under green house conditions and N mineralised on
incubation for 6-weeks. The correlation coefficient values
{(R-values) for these relationships were 0.717 and 0.610
respectively. Results obtained from the A11 India Coordinated
Soil Test Crop Response Correlation Project (1968) have,
however , 1indicated that the method did not correlate
significantly with percent yield of wheat and paddy grown on
heavy black soils of Jabalpur, where as the alkaline Kanq
method correlated significantiy with percent yield of wheat
and paddy. It was further reported that the Ca(OH)q method
correltated significantly with percent vyield of wheat
cultivated on an alluvial soil of Delhi.

Keeney and Bremner (19568) used a chemical

extraction procedure with Iowa soils, involving extraction of

13



s0il N with boiling water and potassium sulphate solution and
found that they were closely related to N uptake by ryegrass
and indicated that this procedure deserves consideration as a
routine method of obtaining an index of soil N availability.
Ghosh (1966) observed that the total nitrogen uptake of wheat
linearly related to the amount of applied nitrogen 1in the
range of 0 to 134 kg N/ha. He used thres chemical tests for
available soil nitrogen using the "N value” as a standard of
comparison.

Sims et al. (1967) predicted nitrogen availability
to rice by laboratory measurement of N availability. Seven
different methods were employed and it was concluded that
correlations were better with clayey soils than silt loam
soil. Organic matter content as a measure of total N in soil
were having poor prediction of N availability in rice.

Colwell (1967) calibrated soil tests for estimating
fertilizer requirement using statistical models to describe
the ralationship between yield of crop, fertilizer
application rate and soil tests and found only non-
significant relationships (P>0.05) with N soil test. Bajaj et
al. (1967) evaluated methods of determining available N and
found that alkaline KMnO4 gave the best correlation of N

uptake in wheat and rice with soil available N status.

4



Robinson (1968B) determined simple available soil
nitrogen index in cultivated East African soils emplwing
laboratory and green house studies and concluded that
mineralisable N was correlated more with total N than organic
N. Subbiah and Bajaj {(1968) reported that paddy yields were
highly correlated with organic¢c matter content of solils
inspite of varying conditions of crop growth. Jenkinson
{1968) found that the amount of organic matter extracted by
Ba(OH )z might serve as an index of potentially available N
in sotls.

Ghosh (1970) reviewed the evaluation of chemical
soil tests for nitrogen and merits were discussed with
empirical nature of various extractants employed by different
workers on various crops. Better correlation has been
observed with methods employing boiling water, NaHCOz,
Ba(OH);, (for soluble glucose estimation) and CalOH)g as
extractants rather than two alkaline KMnG4 methods employed.
This may be due to the higher efficiency of alkaline
extractants in attacking the humid acid fraction.

Smith and Stanford (1971) studied the surface soils
from U.S5.A. for assessment of soil organic N availability
under aerobic and anaercbic N mineralisation and reported
that alkali distillable N correlated considerably better with
aerobic {(‘r’ value > 0.90 *%) than with anaerobic

mineralisation,
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Bajaj (1872) and Dubey et al.(1872) evaluated three
N soil test methods viz., Alkaline KMnO4 and Ca{OH)yg
extraction and organic carbon content and observed that
alkaline KMnO4 extraction gave better and significant
corretation (r = 0.642 xx) between soil test values and
percent yield. Next in performance was organic carbon content
which showed a significant correlation coefficient of the
order of 0.573 (*x). Therefore it was concltuded that these
two tests in that order are suitable for assessment of
nitrogen status of black {(clayey)} scils. Bajaj (1972)
reported signhificant negative c¢orrelation for Ca(OH)g,
alkaline permanganate N and organic carbon with the yield of
wheat, whereas Iowa nitrification index was positively
correlated with the yield of wheat.

Baljit Singh (1973} observed significant negative
correlation between the percent yield response and available
s0il nitrogen by alkaline permanganate method.

Kyuma and Kawaguchi (1973} tried a method of
fertility evaluation for nitrogen in submerged paddy soils
and found that a test of 1Jlinear models with different
combinations of independent variables revealed that the
organic matter status has no relevance to the yield of paddy
but the best linear model with inherent potentiality and
available nitrogen status explained about 40 percent of the

variance of yieid.
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Gupta et al. (1975) developed a new colorimetric
procedure for determination of scoil organic carbon which 1is
simple and rapid and was found suitable for soils of varying

texture containing CaCO content upto 10% and chlorides upto
3

0.4%. A very significant correlation (0.996 %%} was observed
between the corganic carbon values and yield of c¢rops and the
procedure was also reported to be simple and less expensive.
Fox and Preklelek (1978) tested several nitrogen
availabilty indices at field 1level 1in south eastern
Pennsylvania (USA) soils using corn (Zea mays L) as test crop
in 1976 and 1977 taking into account of N-supplying capacity
of soils and recorded signifcant corrletions with N-supplying
capacity of a s0il in a green house or laboratory experiments

with boiling 0.01 m CacCi and 0.01 M NaHCO extractable N
2 3

at 1 % level (r=0.88 and 0.77 respectively),

A laboratory method for assessment of nitrogen
availability index determined as nitric acid potential gave
significant correlations with the yield of bajra, wheat and
rice crops in experiments conducted on altuvial soils of
Delhi at IARI farm (Bajaj and Hasan 1978).

Relating available soil nitrogen to rice yield
(Dolmat et al. (1980) using six chemical and two bioclogical
extraction methods in Louisiana (USA) soils it was reported

that average percentage recovery of total soil nitrogen
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ranged widely from as high as 16.74 percent by the hot
alkaline permanganate method, to the lowest value of 1.08
percent by boiling soils in 0.01 CaCl2 solution. The best
prediction of yield appeared to be anaercobic 1incubation
method which correlated highly with total soil N value (by
Kjeldahl! method) with an ‘'r’ value of 0.814 (xx}, followed by
the aerobic incubation me thod (r=0.764 *%k} . The
relationship was also established between yield increase
from application of 112 kg/ha N and available soil N
determined by the anaerobic¢ incubation method.

Negi and Sud (1982) tried a new method which is
based on the principle of micro diffusion (Conway,1947) and
found that the proposed methoed correlated positively with
percent yield and percent N uptake than other methods wviz.,
readily oxidisable N and alkaline KMnO*. The main advantage
of this extraction procedure is the elimination of
distillation step, which 1is a time consuming and more
laborious.

Sahrawat (1982 a) found that amount of available N
in Phil ippines rice soils extracted by alkaline permanganate
method was significantly correlated with organic carbon,
total nitrogen and potentially mineralisable N content
determined by the anaerobic incubation methods. Alkaline

permanganate N was highly corretated with N uptake and

8



drymatter of rice grown under flooded conditions (r=0.81 *x
and (.40 * respectively).

Sahrawat and Burford {(1982) found that standard
alkaline permanganate method could assess the availability of

801l N, including nitrogen from amino acid and NH4+ but not

nitrogen from wurea, NOy oOr N03 in the available N pool.
They suggested the non-inclusion of NOz-N that commonly
accumulate 1in upland seils in the available N pool might be
the reason for the poor predictability usually obtained by
the method for upland crops. Nitrate formed in wetland soils
are of little consequence to rice because they would be lost
by denitrification, however NOi;N could be important for
upland crops specially in the post-rainy season. Therfore,
they proposed simple modification to use Devarda's alloy to
include nitrate and nitrite N. Results showed that the NQ3‘N
content of the soil contributed to 40% of the available N
assessed by the modified method.

Sahrawat (1983) investigating - = the relationship
between available soil N, total N, organic carbon percent, N
uptake and drymatter yield obtained a c¢lose correlation
between all available indices of s0i1 N and N uptake by rice
while the correlation coefficient was found to be less for

drymatter yield.
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Faquir Hussain and Malick (1985) proposed
modification of acid permanganate method for obtaining an
index of s0il nitrogen availability that allows for the
estimation of soil mineral N simultaneously. The N values
obtained by the modified method correlated highly and
significantly with the mineral N of incubation test (r =
0.80 xx, P<0.01) and plant uptake (r=0.69 *x*x, P<0.01).

Singh (1988) used modification in rapid calori-
metric method of determination of nitrate in soil and plant
extracts which eliminated the use of barium sulphate and
introduced diazatization of sulphaniiamide by the nitrite ion
obtained by the reduction of nitrate and subsequent coupling
with N-t1-napththalene~diamine dihydrochloride. Results provad
highly reproducible with coefficient of variation of 2.2 and

2.9% for soil and plant extracts respectively.

Gupta et al. (1989) determined the critical values

of so0il test methods of nitrogen for rice from 15 different
sites of Ludhiana and Gurdaspur districts of Punjab by
employing 21 methods. The results show that organic carbon

followed by alakii hydrolysable N, dnitial NH -N and
4

hydrolysable NH -N were found syitable soil test methods of
4

predicting N availability to rice. The critical value for
rice was 0.45 % organic carbon, 30 ug/g alkali hydrolysable

N, 22.3 pg/g initial NH and 93.3 pg/g of hydrolysable NH -N.
4 4
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Treating the soils with 2 M KC1 at 100° c for 4
hours with a phosphate~borate buffer at pH 11.2 for 8 minutes
was not found to be suitable for prediction of N supplying
capability of soil to maize (Harg et al. 1930).

Nazirkar and Sonar (189t) worked a calibration of
soil test methods for available N in black soils

(Inceptiscols) for sorghum and proved that atkatine KMnO
4

method as the best method for estimating available N in
atkaltine calcareous soils belonging to Sawagoan saries
(Vertic Ustopepts). An application of N fertilizer to sorghum
was beneficial where the available N in soil was less than
230 kg/ha by alkaline permanganate method.

Sarna and Pomaraes (1992) compared the percent
organic nitrogen extracted in the bioclogical methods i.e.,
maize plants grown in pots and soil sludge mixtures incubated
at 2, 4, 6, 8, 12 and 16 weeks with four chemical methods

viz., autoclaving, 0.5 M KMNO , pepsin and 0.6 M HC1. They
4

concluded that the HCT and pepsin methods predicted the
availability of organic nitrogen in sludge better than
biclogical methods. They suggested the use of pepsin and HCI
extractions, because of high correlations obtained with
biological measurements of N availability and considered that

total N can be taken as a chemical index of N availability.
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Sharif Zia et al (1992) working on rice soils of
Pakisthan(}ow in organic matteﬁ)under green house study used
several extractants for NHa-N and concluded that they were
correlated very well with each other and also with 2 N KC1,
the most common extractant used for mineral N extraction
{Keeney and Nelson 13882).

vickary et al (1995) described simple procedure for
colorimetric determination of organic carbon in s0il which is
a modification of the wet oxidation/digestion method based on
potassium dichromate combined with a co0lorimetric method for
determination of chromic oxides (Stevanson and Clare,1962). A
segmented flow analysis for the calorimetry was used and this
procedure 1is capable of automated rcoutine analysis of large
number of samples and was shown to give high and acceptable
recoveries of organic carbon from a range of compounds.

Available soil N measured by biological methods and
chemical methods of N extraction by boiling water and boiling
water + K2804 solution and dilute Ba(OH)p solution revealed
that biological methods correlated with organic carbon and
Total N content of the soil studied from wheat, corn and
cotten field experiments {Setaton and 81mon13,1996).

2.1.2, SOIL TEST METHODS FOR PHOSPHORUS
Several methods have been suggested from time to

time to estimate plant available phosphorus in soil, but all
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these cannot be adopted for routine soil testing for
different crops and their suitability largely depends upon
physico-chemical characteri-sation of the soil. Estimation of
available P status of soil is necessary for delineating the
areas of P-deficiency for developing P-recommendation and
monitoring P fertility changes.

Olsen et al-(1954) in crop correilation studies
found that 0.5 M NaHCOg and Bray’s extractants are superior
in their correlation with the response of wheat compared to
other extractants. The Olsen’s P was found to correlate best
in relation to yield and P-uptake of paddy. Sodium
bicarbonate extractable P was found to be a better index of P
availability by many workers (Bajaj et al, 1967, Ramamoorthy
and Bisen 1971, Goswami et al.1971, Pathak et al 1976, and

Ekpet¢,19?6).

2.2. PADDY YIELD RESPONSES TO N FERTILIZATION IN RELATION TO
SOIL FERTILITY

Soils of India have low total N content (0.02 to

0.1%) due to the tropical and sub-tropical climate prevailing

in the country (Prasad and Thomas , 1982) though relatvely

higher values are encountered in some hilly regions of north-

east and north-west.
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2.2.1. SOILS RATING

S0i1ls are rated for their fertility as low, medium
and high in respect of their available nutrient and organic
carbon contents. Muhr et al.(1965) suggested the following

soil ratings

Nutrient Low Medium High
Organic carbon < 0.5 % 0.5 - 0.75 % > 0.75 %

Avaitable N < 280 kg/ha 280 -~ 560 kg/ha > 560 kg/ha
Available P < 10 kg/ha 10 - 25 kg/ha > 26 kg/ha
Avaitable K < 108 kg/ha 108 - 280 kg/ha > 280 kg/ha

Paddy, 1in general and HYV of paddy in particular
respond significantiy to the application of nitrogen
fertiltizer. In a pot culture experiment grain yield of paddy
was shown to be significantly influenced by extractablie NH4-N
{Sims et al, 1967) and the yield of paddy (IR-20) was
significantly correlated with amino acid nitrogen (Rani
Perumal;1975).

Different soils with given soil test values for
nutrients differ in their capacity to supply nutrients to
crops and to produce yield. Crops vary 1in their nutrient
requirement after a certain level of yield. However, one
point is common in the soil test value for a particular

nutrient, the higher is the response to the fertilizer



nutrient with lower available nutrient content (Biswas and
Mukherjee, 1987). Sharma and bev (1976) observed highest grain
yields of rice variety ‘Padma’ at 150 kg N/ha. Further
increase in N rates gave no additional yield while
Krishnamoorthy et al. (1979) reported higher yields at 180 kg
N/ha. The grain yields of a rice dwarf variety increased
significantly against a nitrogen level wupto 120 kg/ha in
two successive seasons. The yields recorded were 6265
and 6867 kg/ha respectively for both the seasons.

Bhattacharya and Rudra (1977) conducted a field
experiment on HYV paddy {var : Ratna) during kharif season in
red soil tract of West Bengal and calculated Tutrient
requirement {NR}, Contribution from 8011 (C8) and
Contribution from fertilizer (CF) with the plant uptake,
yield, soil test values, and fertilizer doses using the
following formulae for attaining targetted vields paddy thus
viz.,

Total uptake (kg/ha)

NR (kg/q) = -————————mmmemmm o
Grain yield {(g/ha)

Total uptake of a nutrient (kg/ha)
in control plot

So0il test value (kg/ha) of
control plot
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(Total uptake of a nutrient) - (soil test value X CS)
(in treated plot (kg/ha))

Fertilizer dose (kg/ha)

From the data obtained using the above formalae,
the amount of fertilizer required for production of one

quintal of grain were found to be 2.1 kg N, 0.58 kg P O and
2 5

3,5 kg K O. The efficiencies of nutrients available from soil
2

in respect of N, PO and K O for contribution to grain
25 2

production of paddy under the experiment were 20, 50 and 53
percent respectively. Similarly, the efficiencies of
fertilizers were calculated separately which were 75 ¥ for N,

10 % for PO and 60 % for K O, The low efficiency of added P
2 5 2

fertilizer could be due to higher soluble P content in such
soils.

Dhillon et al. (1878} established fertilizer
adjustment equation with field experiments on paddy (IR-8)
and have shown possibilities of making precise fertilizer
recommendations based on soil test values to get maximum
yiaelds, maximum profits and marginal returns on fertilizer
investments from multiple regression equations with good R}
values (significant at 1% level).

Gopalakrishna Pillai and Vasudevan (1978) in their
field studies on an integrated nutrient supply system for

rice at Hyderabad (India) found enhanced N-use efficiency
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by root zone placement of urea supergranules.

Studying nitrogen uptake at different growth stages
of rice at Tirupathi, Ramakumar Reddy et al.(1978) observed
that maximum nitrogen uptake of 413 mg/3 hills was 1in

‘vijaya’ followed by ‘Ratna’ (363 mg/3 hills) and ‘IR-20’

(361 mg/3 hills). Among the Ffertility levels, max imum

nitrogen uptake (487 mg/3 hills) was observed in 200 N : 100

PO : 100 K 0 kg/ha which was signhificantly superior to 150
2 5 2

N : 75 PO : 75 K O (380 mg/3 hills) and 100 N : 50 P O
25 2 25

50 K O kg/ha level (270 mg/3 hills). Maximum uptake of N was
2

recorded at harvesting as compared to maximum tillering and
panicle initiation stages.

Results of experiments conducted at CRRI, Cuttack
on response to increasing levels of nitrogen over a period of
three years involving short duration high yielding varieties
of rice grown under ideal management practices {optimum stand
establishment, perfect weed control, split application of
fertilizer and incorporation into soil) indicated that the
mean yield with a level of 30 kg N/ha produced a grain yield
of 2496 kg/ha, representing grain response of 33.2 kg per kg
N applied (Pande, 1978).

For soils which are deficient in N and P, it 1is
necessary to supply both nutrients through fertiltizers 1in

order to achieve maximum response to these nutrients. The
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positive N x P interaction s therefore of great
significance. Singh and Verma (1971) found 160 kg N/ha and 60

kg P O /ha as optimum doses for paddy grown on ctlay loam
25

soils, while Subba Rao et at-(1878) obtained maximum yield at

120 kg N and 120 kg P O /ha for black clayey soils. Mahatim
25

Singh et al.{(1979) noted an increase in grain yields from
3.16 to 4.3 t/ha.

Dev et al. (1978) studied fertilizer requirement for
different yield targets of paddy based on soil test values in
tropical arid brown soils at Punjab Agricultural University
farm, Gurdaspur. It was reported that for the production of
one quintal of paddy grain, on an average, the nutrient

requirements were 2.11 kg N, 0.75 kg P QO and 4.41 kg K Q.
2 5 2

Further, the efficiency of soil available nutrients for
contribution +to grain production of paddy was 47% from
alkaline KMn{4 available N, 99% from Olsen-P and 220 % from
ammonium acetate K. Similarly, the efficiency of applied

nutrients was 83 % for N, 33 % for P O and 167 % for K 0.
25 2

Balasundaram (1979) employed Mitscherlich's Model
for efficient and economic fertilizer N use 1in a field
experiment at six different locations with sorghum as test
crop. Interpretation of site specific recommendation for
sorghum was possible based on initial soil test value,

Utilising the mean C1 and € values for the loamy and sandy
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Joam soils, fertilizer requirements were computed for the
common range of soil test values from 100 to 400 kg/ha of
alkaline permanganate N, The optimum rate of N application
was alsc calculated taking 1into account the cost of
fertilizer nitrogen (X) and the value of produce (Y). To
calculate the most profitable fertilizer application, the
differentiation of ‘Y’ with respect to ‘X' in the
Mitscherlich equation was obtained and eguated with the ratio
of unit price of fertilizer to the unit price of sorghum

grain and the resulting equation was sclived for ‘X' (Balba et

al, 1972).
b
dy -Ct1 .10-CX
Ci = -—==~ = = A.10
dx
Price of X
in 10(-C) = ~———cmcmme

Price of Y
where X is price of 1 kg of fertilizer, and Y is value of 1
kg of produce,.

Subbaiah et al. (1979) conducted a field experiment
to determine the effect of neem cake blended urea application
at different levels to rice (IR-20). The studies indicated
that neem cake blended urea increased the grain and straw
yield of rice over untreated urea. N and P uptake of grain

and straw were also increased.
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Pathak et al.(1976) obtained progressive increase
in yield by N fertilizer even upto its highest level of
application. The soil test values of alkaline KMnO4 method of
available N showed significant correlation with percent yield
response (r=0.58 xx*),

Bajaj (1982) attempting an evaluation of various
methods of making fertilizer recommendations for cereal crops
in the cultivator's fields in vilttages around Delhi
arrived at the conclusion that application of recommended
fertilizer dose of the urea gave a higher net profit than the
farmer’s actual practice of fertiltizer application. Methods
of fertilizer recommendation which take into account the soil
nutrient status along with the fertilizer nutrients were
superior to those where fertilizer application was made on an
ad-hoc basis. Among the methods based on s0il tests, the
method using muitiple regression approach was superior to the
one presently being adopted by the soil testing laboratories
in India. Padmaja et al. (1982) predicted the yield of rice
crop from N concentration in the different plant parts at
major growth stages and grain yield at harvest. Among plant
parts studied, top three leaves appeared to be the best
indication of the grain yield at maximum tillering and
flowering stages of growth of rice. Optimum N concentration

in entire plant at initial tillering stage, top three leaves
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at maximum tillering and flowering stages were 3.0, 3.8 and
3.38 % respectively. At harvest maximum grain yield
corresponded to 2.19 and 2.4 % N in grain and straw,
respectively. Maximum grain vyield was obtained when N
percentage 1in the entire plant increased from 1.5 to 2.0 in
the tillering stage and 2.5 to 3.0 in top three leaves at
maximum tillering and harvest stages. Hence, the maximum
response to applied N can be obtained for high yielding dwarf
rice varieties at the above range of concentration of N 1in
the plant tissue.

Re]atjonship between available N determined by two
anaerobic incubation methods (30°* C for 2 weeks, 40° C for 1
week) and seven chemical indices (Organic Carbon, tbta] N,
ammonia released by acid dichromate, acid permanganate,
alkaline permanganate, hydrogen peroxide and dilute Mo SQy )
and N % in rice plant, N uptake and drymatter yield of IR-26
rice grown under submerged conditions in pots were
investigated. It was reported that all the availability
indices were best correlated with nitrogen uptake of rice,
followed by N ¥ in rice plants at 55 days after seeding.

Prasada Rao (1984) conducted four field experiments
to study the efficient use of integrated nutrient supply
system for rice-rice rotation by using blue-green algae,

farmyard manure and chemical fertilizers in kharif-rabi and
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rabi-kharif rotations. There was direct response to FYM
application (response ratio = 14) equivalent to 10 kg/ha of
inorganic N was observed in ‘rabi’ season where the available
sail nitrogen was low. The following fertilizer adjustment
equations based on regression analysis were developed for N
and P to derive optimum doses for maximum profit/ha for any

given soil test value.

Kharif rice : FN = 225 - 0.1725 SN - 9.58 R
FP © = 219 - 2.6200 8P - 17.10 R

2 5
Rabi rice : FN = 213 - 0.0400 SN - 4.31 R
FP O = 156 - 1.0800 SP - 10.30 R

25

The following fertilizer adjiustment equations for

desired yield targets were derived for N and P.

Kharif rice : FN = 5,30 T - 0.30 SN
FP O = 4,78 T - 4,37 SP
25
Rabi rice : FN = 3,82 T - 0.54 SN
FP O =1.82 T - 2.72 SP
2 5
where F = fertilizer ; S = Soil ; T = Target
R = cost of 1 kg of fertilizer / value of 1 kg of the

produce,
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Anjaneyulu Goud (1991) studied rice crops grown 1in
vertisol under Sreeramsagar Project area, Warangal for
ascertaining the advantage of the integrated use of organic
manure (FYM) with fertilizers. The following fertilizer
adjustment equations were developed.

Fertilizer adjustment eguations for maximum yield are

FN 266 - 37.00 SN (OC (%)-N})

Ih

FP O 2561 - 7.18 8P (Olsen-P)

2 5
Fertilizer adjustment equations for maximum profit are
FN = 266 - 37,00 SN - 18.53 R (OC (%)-N)
FP O = 261 - 7.18 SP - 14,79 R (O1sen-P)
2 5
Fertilizer adjustment equations for desired yield targets are

FN 6.66 T - 363.69 SN (OC (%)-N)

FP O 3.88 T - 7.33 8P (O1sen-P)

where R 1is the ratio of cost of one kg of fertilizer and
value of one kg of produce ; SN = so0il N as estimated by OC
{%) and SP = soil phosphorus as estimated by Olsen's method)
Renuka Rao (1990) also confirmed KMn04 oxidisable N
as better index of available N for paddy in black clay Tloam
soils of Warangal, and maximum N uptake observed was 126
kg/ha for a yield of 4934 kg/ha in the treatment N200-P30.

The following fertilizer adjustment equations were developed
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based on regression analysis for N and P to derive optimum
doses for maximum yield and maximum profit/ha for any given

soil test vatue.

Maximum yield : FN = 4589 « 0,87 SN {(KMnO4-N)
FF © = 85 - 0.97 SP (modified QOlisen’'s P)
25
Maximum profit : FN = 459 - 0.87 SN - 21.80 R (KMNnQO4-N)
FP O = 83 - 0.97 8P - 4.84 R {(modified
2 5

Olsen’s P)

Studying the influence of N-levels on the yield and
uptake by certain crops including rice and their impact on N-
efficiency and recovery, Rani Perumal et al.{1985) observed
the 1increase in yield and uptake of N by rice upto 150 kg
N/ha where as such influence was not indicated as regards N
recovery and N efficiency,

Umar et al.(1988) obtained higher yield of rice
under the treatment N120-P40-K20 which was significantly
higher than that at N80-P40-K20.

Saravana Pandian and Rani Perumal (19%3) obtained
higher grain yield response of 1931 kg/ha with 100 kg/ha 1in
rice, thereafter the response decreased upto 200 kg N/ha. The
same trend in response was reported by Biswas and

Bhattacharya (1987).



2.3. SOIL TEST CALIBRATION

Soil testing is one of the several practical
applications of scientific and technical knowledge of soil
science to crop production. In other words, it is a tool for
analysing the so0il for its fertility evaluation. The
diagnostic value of soil testing is both general and specific
in the sense to give site specific fertilizer recommendation
based on soil analysis of a farm holding and general in the
sense to identify soil fertility problems and constraints in
an area (Randhawa and Velayutham,K 1982).

A calibrated soil test value must answer two
questions for each sample analysed.

i) Is the nutrient supply in the soi! adequate for the crops
to be grown 7

it} If not, how much should be applied for the crop or for
the rotation to follow ?

In soil testing, T"available” is defined as an
amount that 1is directly proportional to that taken up by
growing plants in a given season. This means the extractant
must remove from the s6il in a few seconds, or a few minutes
at most, an amount of nutrient that is proportional to that
which a crop spends the growing season taking up (Cope and

Evans,; 1985).
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A soil testing programme comprises of the following
stages
i) Soil sampling ;
ii) So0i11 analysis ;
iii) Interpretation of the soil test values using various
“information on crop response to nutrients ;
iv) Fertilizer recommendation ;
v) Writing of soil test report and communication to the
farmers ;
vi) Follow—-up ; and
vii) Preparation of soil test summaries, soil fertility
indices and soil fertility maps (Biswas and Mukherjee,
1987).

For this s0il tests have to be calibrated. The
process of determining the crop-soil relationship is commonly
referred to as calibration of soil test values. A calibrated
s0il test value for a particular nutrient will indicate the
degree of deficiency of that nutrient to achieve a desired
vield goal and the amount of the nutrient needed as a
fertilizer to correct the deficiency depending upon the
expected marginal rate of return. The soil testing advisory
service in India started in 1955-56. By 1385-86 in all 402
soil testing laboratories (330 static and 72 mobile) were

established under various agencies in the country and the



annual capacity of these is about 4.0 million samples. There
is a need to do soil calibration on a continuing basis. The
existing rating of low, medium and high had outlived their
utility. The need for reevaluating the ratings is obvious.
The concept of critical limit of nutrients in soil

and plant is a better approach than the three tier ratings,
For each element, there are the upper and the lower critical
limits. At moderate levels of management and fertilization
the lower critical 1imits are adequate (Cate &and Neison
1971). There are different approaches to soil test
interpretation and formulation of fertilizer recommendation
such as :

1) General recommendation ;

i) S0il1 test rating and

fertilizer adjustment (Muhr et al 1965) ;

iii}) Critical 1level of a nutrient in soil as sufficiency

concept (Goswamy and Bajaj 1988)

-

iv) Build-up and maintenance concept ;
v) The concept of basic cation saturation ratio
vi) Recommendation for a certain percentage of yield
maximum {(Bray 1954) ;
vii) Fertilizer recommendation for max imum profit

(Ramamoorthy et al 1871)
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viii) Fertilizer recommendation for targetted yield {Troug

1960 and Ramamocorthy et alt.1967). ;

38

ix) Fertilizer recommendation for crop-sequences {(Ramamoorthy

et al. 1975) ;

x) Mechanistic or modelling or gystems approach (Tujeda

et al. 1981).

2.4, SOIL TEST CROP RESPONSE CORRELATION STUDIES :

With the advent of establishment of so0il1 testing
laboratory during the year 1955-56, soil test crop response
correlation work in the first phase started functioning at
IARI with an objective of generalised calibration evolved for
fertilizer recommendation based on limited number of green
house and field experiments. With the introduction and spread
of high yielding varieties of crops during the mid-sixties,
the emphasis for efficiency in fertilizer use through soil
testing became apparent and relevant. A coordinated programme
on 8011 test crop response research was hence initiated 1in
the country from 1967. The studies 1in the project have
provided quantitative relationship for adjusting fertilizer
doses with varying soil test values for obtaining maximum
yield/ha, maximum profit/ha, for targetted yields of crops

and for multiple cropping (Velayutham et al. 1984).



From the scil test crop response experiment with
rice (var.IR-20) Duraiswamy et al.{1990) reported that the

amount of N, P O and K O required to produce one quintal of
25 2

rice ¢grain were 1.61, 0,43 and 1.42 kg/gq respectively. The

contribution from the soil and fertilizer for N, P O and K O
25 2

are 29, 58.8 and 39.5 % and 30, 17 and 48 % respectively.
They also reported that it is possible to achieve vield
targets upto 4.5 t/ha in case of short duration and more than
5 t/ha in medium duration varieties based on prescription
procedure without much alteration to the soil fertility

status.

2.4.1. FERTILIZER RECOMMENDATION BASED ON SOIL

FERTILITY CATEGORIES

The scil tests are calibrated into different
fertility categories such as low, medium and high. The
general fertilizer recommendation is equated to the soil
rated as medium. For so0il testing low or high category, the
fertilizer recommendation is increased or decreased by 30 to
50 % of the general recommendation {Muhr et al. 1965}.
2.4.2. FERTILIZER RECOMMENDATION BASED ON SOIL CRITICAL

LIMITS

Soil tests were also calibrated from the data of

multilocation fertilizer rate trials to deduce a critical

limit for the soil test value below which there is will be
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positive or economic response to added fertilizer and above
which the response either diminishes at a much faster rate or
there is no response (Cate and Nelison ,1965). Krishnamurthy et

al. (1963) suggested an upper critical limit of available P O
25

as determined by Olsen’s method between 60 and 80 1bs/acre.

2.4.3. FERTILIZER RECOMMENDATION BASED ON TARGETTED YIELD
CONCEPT

According to Bray (1954) only relatively mobite
nutrients lTike N tends to follow Liebig’s law of Timiting
nutrients and the relatively immobile nutrients like P and K
follow the percentage sufficiency of Mitcherltich-Baule. He
defined the limits within which Liebeg and Mitscherlich-Baule
concept can be expected to hold. Ramamoorthy et al- (1867)
have defined the procedure of fertitizer prescription as
given by Troug (1960) and tater extended to different crops
and soils (Ramamoorthy et al 1975, Velayutham , 1982). The
procedure is a scientific basis for balanced fertilization
and provides balance between applied nutrients and soil
available nutrients.

Ramamoorthy et al.(1975) reported that the vyield

target and the required fertilizer dose can be calculated as
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where T = targetted yield (q/ha)
n = ratio between the % contribution from soil and
fertilizer nutrient

nutrient requirement in kg/ha for grain production

a =

m = ratio between nutrient requirement and contribution
from fertilizer nutrient

8 = s0il test value in kg/ha, and

Fd = fertilizer dose of a nutrient in kg/ha.

Velayutham (1379) presented the results obtained at
various test centres of the A1l India Coordinated Soil Test
Crop Response Schemes working on targetted yield approach. He
indicated that fertility gradient has been obtained at the
test centres with regard to phosphorus. It has been shown
that the nutrient requirement per quintal of grain production
was hearly the same for a given variety although variations
between varieties o¢f a crop and wvariations in the same
variety between two seasons have been obtained. The nutrient
requirement (kg/q of grain production) of rice varjety IR-8

was 1.46 kg N, 0.62 kg P 0 and 3.82 kg K O whereas the
25 2

corresponding figures for rice variety IET-1991 were 1.78 kg

N, 0.49 kg P O and 4.34 kg K O 1in Raipur centre. By
25 2

following soil analysis for fertilizer application for

targetted yield and maintaining goocd crop husbandry it is
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possible to achieve the targetted yield within variations of

t 10 percent,.

Agarwal and Ramamoorthy (1978) and Reddy et al.

{1987) found significant linear relationship between the
yield of grain and uptake of nutrients. This implies that for
obtaining a specific yield (grain or any other econhomic
produce) a definite quantity of the nutrient must be taken
up.

From 43 experiments, Reddy et al. (1987) reported
the mean nutrient requirement of different varieties of rice

as 1.96, ¢.85 and 3.01 kg/ha of N, P O and K O respectively
2 5 2

indicating a ratio of 2.3 : 1.0 : 3.5 of these nutrients 1in

rice plants. They also reported that the percentage

contribution of N, P and K was 25.3, 52.0 and 31.1 from soil

and &66.0, 19.0 and 222.2 from fertilizers. Dev et al. (1978)

reported a nutrient requirement of 2.1i, 0.75 and 4.41 kg of

N, PO and K 0 per quintal of paddy grain.

25 2

2.4.4, FERTILIZER RECOMMENDATION FOR A MAXIMUM PROFIT
The amount of fertilizer that produces the greatest

profit per hectare is called the optimum dressing (Cook

1972}. Ramamoorthy et al- (1974) established a significant

relationship between soil tests, the added fertilizers and

“2



the crop yields by fitting a regression of the quadratic form

as

Y = a+ bt SN £ b2 SN2 * b3 SP t b4 SP2 + b5 SK *+ b6 SK?

b7 FN = b8 FN® = b3 FP % b10 FP? * b11 FK

I+

I+

bt2 FK* + b13 FN SN ¢+ b14 FP SP &t bi15 FK SK
where Y is crop yield (kg/ha) ;

a is intercept (kg/ha) ;

b1,b2,b3 ....b15 are regression coefficients (kg/kg) ;

SN, SP and 8K are soil available N, P and K test values
{kg/ha) ;

FN, FP and FK are added fertiliser N, P and K nutrients

(kg/ha).

2.5. SOIL TESTING AND FERTILIZER RECOMMENDATION FOR RICE 1IN
ANDHRA PRADESH

In Andhra Pradesh, during the two year period of
1956-58, two s0il testing laboratories were established, one
at Rajendranagar and the other at Bapatla. Subsequently, in
1965 under IADP, a so0il testing laboratory (STL) was
estabTished at Tadepalligudem in West Godavari district.
During this period a policy decision was taken to establish

one soil testing laboratory in each district. Currently, over



a period of time during the decade starting in 1965, 27 soil
testing iaboratories (23 static and 4 mobile) were
established 1n the state. This laboratories have annual

analysing capacity of 3.44 takh samples in the state,.

The initial 3 8TLs located at Rajendranagar,
Bapatla and Tadepalligudem are now designated as Regional
Soil Testing Laboratories (RSTL}. The s011 testing
laboratories analyse the soil samples for texture by feel
method, EC, pH, OC%, available P, available K and gypsum
requirement (if necessary). The laboratories also perform
testing of irrigation water. The cost of analysis of each

soil sampie was estimated as Rs.16.75 (Sithapathi Rao, 1988),

Based on 22.74 lakh soil samples analysed 1in the
state 8TLs from 1975 to 1982, it was found that Andhra
Pradesh soils were universally deficient 1in availtable N.
About 63.9 and 16.3 percent were deficient in available P and
K respectively (Soil Correlator, 1984). The fertility index
of organic carbon was low in the districts of Prakasam,
Nellore, Anantapur, Cuddapah, Chittoor, Kurnool, Karimnagar,
Ranga Reddy and Khammam and the rest of districts were

medium, The rating of fertility index was low when the value
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was less than 1.5, medium when 1.5 to 2.5, and high when the

value was more than 2.5.

Soil testing laboratories in the state recommend
fertilizer N based on crop response data with less emphasis
on s0il test value (8TV). The general recommendation is
slightly modified for so0ils testing low and medium with

respect to organic carbon percent.

23
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CHAPTER 111

3.0. MATERIALS AND METHODS
In order to evolve appreopriate fertilizer N
recommendation for rice crop under Sreeramsagar Project
command area with different nitrogen availability indices,
the present investigation was undertaken with the following

objectives

1. To conduct a survey of irrigated rice soils in
Sreeramsagar Project for determining N fertility status and
to classify the soils into different fertility groups ;
2. To evaluate the utility of currently adopted N
availability indices in soil testing laboratories in Andhra
Pradesh for recommending N ferilizers teo rice ;
3. To assess yield response of rice to nitrogen fertilization
at different levels of N availabiliity by conducting field
experiments in two districts of the state which are served by
the command of Sreeramsagar project ;
4. To develop a basis for recommending N fertilizer based on
soil fertility, uptake of N and yield of rice.

The materials and methods adopted in the 1investigation
are described in two parts as

1. Survey of Sreeramsagar project command to determine

native soil fertility status ; and



Table 1. Villages selected {mandal & distributory-wise) for the survey

47

V No. Unit No. District Village name | Mandal name D.allotted
| 1. SARAGWATHI CANAL MANDALS

1. 1 Adilabad Pakapatla Nirmal D-1

2. Adilabad Scan Nirmal D-13

3. Adilabad Kadthal Nirmal

4. 2 Adilabad L.chanda L.chanda D-16

5. Adilabad Vadiyal L.chanda D-17

6. 3 Adilabad Ponkal Mamda D-25

11, EAKATIYA CANAL MANDALS

7. 4 Nizamabad Mandora Balkonda D-6,8,9

8, Nizamabad Doodgaon Balkonda D-9

9. Nizamabad Yeragatla Morthad D-18,19,20
10, 6 Karimnagar | K.Kondapur I.Patnam D-20,21,22
11. Karimnagar | I.Patnam I.Patnam D-22,24,25
12, Karimnagar | Thimmapur 1.Patnam D-25

13. Karimnagar | Gudur 1.Patnam b-29

14. 7 Karimnagar | Mutyampet Mallapur D-29

15. Karimnagar | Raghavpet Mallapur D-29

16. Karimnagar | Nadukude Mallapur D-29

17. Karimnagar | Mogilipet Mallapur D-29

18. 8 Karimnagar | Metpally Metpally D-29,30,31
19, Karimnagar | Vempet Metpally D-29

20. Karimnagar { Vellulla Metpally D-32

21. Karimnagar | Chowlamaddi Metpally D-34

22. 9 Karimnagar | Itkyal Rajikal D-29

23, Karimnagar | Raikal Raikal D-53

24, Karimnagar | Alipoor Raikal D-53

25, Karimnagar | Kummarapally | Raikal D-53

26. 10 Karimnagar | Koratla Koratla D-53

27, Karimnagar | Sangam Koratia D-38
28. i1 Karimnagar | Polasa Jagityal D-61
29, Karimnagar | Chelgal Jagityal p-61

30. 12 Karimnagar | Beerpur Sarangpur D-53
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31. Karimnagar | Kolvai Sarangpur D-53

32. 13 Karimnagar | Dharmapuri Dharmapuri D-53

3. Karimnagar | Donnur Dharmapuri D-53

3. 14 Karimnagar | Rapalle Gollapalle D-~53

35. Karimnagar | Gollapalli Gollapalle D-~64

36. 15 Karimnagar Arevally Pegadapalli D-67

a7. Karimnagar Pegadnpally Pegadapalli D-76

38. Karimnagar | Thirumalapur | Pegadapalli D-83

39. 18 Karimnagar | C.koluvala Sultanabad D-86

40, Karimnagar | Narayanpur Sultanabad D-86

41. 17 Karimnagar | Wadkapur Julapally

42, Karimnagar | Kajapur Julapally

43. Karimnagar | Lokapet Julapally

44, i8 Karimnagar | Katkampally Dharmaram D-83

45. Karimnagar | Sayampet Dharmaram D-8§3

46, 19 Karimnagar | Peddapally Peddapally L~-8,9,10
47. Karimnagar | Peddabankur Peddapally 1.-12 to B-83
48, 20 Karimnagar | Parepally Kamanpur D-83

49, Karimnagar | Gundaram Kamanpur D-83

50. 21 Karimnagar | Puttapaka Manthani RHE

51. Karimnagar | Nagaram Manthani RHE

52. 22 Karimnagar [ Huzurabad Huzurabad DBM-17
53, Karimnagar | P.reddypet Huzurabad DBEM-13
54, 23 Karimnagar | Jammikunta Jammikunta DBM-15
55. 24 Karimnagar | Dandepally Elkathathurthy | DBM-21,21A
56, 25 Warangal Vallampally Chityal DBM-13
57. Warangal Gummadavally | Chityal DBM-186
58. 26 Warangal Pubial Mogulapally DBM-~16
59. Warangal Parlapally Mogulapally DBM-186
60. 27 Warangal Pembarthy Hasanparthy DBM-24




Table 2. Wet area details of command area under Sree Ramsagar
Project {SRSP)

Unit No. Percentage of paddy No. of villages
(Grid) command area under SRSP | allotted
1 9.61 6
2 0.39
3 0.15
4 9.99 6
5 3.156 2
6 16.51 10
7 6.72 4
8 0.59
9 0.18
10 0.15
11 3.36 2
12 0.14
13 1.55 1
14 0.23
15 _ 0.46
16 0.28
17 0.69 1
18 ' 6.23 4
19 1.85 1
20 5.78 4
21 32.02 19




2. Field experiments to evolve appropriate fertilizer

recommendations.

3.1. SURVEY OF IRRIGATED RICE SOILS OF SREERAMSAGAR PROJECT
COMMAND

A detailed survey of the area under the project
command was undertaken by delineating the area into different
categories based on scoil type in the four districts viz,,
Karimnagar, Warangal, Adilabad and Nizamabad. The four
districts are the main beneficiaries of the project command
accounting to 2.55 lakh ha of land area irrigated by the
project out of the total command of 3.97 lakh ha. The project
command area maps and index maps showing wet cultivated area
of distribution under two canals studied viz., Saraswathi
canal, Kakatiya canal of Sreeramsagar project were wutilized
for undertaking the survey. The maps are prepared by the
Command Area Development Authority, Govt. of Andhra Pradesh,
Percentage of paddy command area under Sree Ramsagar project
was divided 1into 21 units and 60 villages were selected
covering from four districts of command area viz.,
Karimnagar, Warangal, Adilabad and Nizamabad. The selection
of villages mandal wise, distributory wise under Sree
Ramsagar project command area are shown in Table 1. Wet area

details of command area are given in Table 2. A question-
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naire was prepared for the survey which 1is included in

Appendix 1.

3.1.1. SREERAMSAGAR PROJECT :

Sreeramsagar Project reservoir is constructed
across the Godavari river near Pochampad village of Nizamabad
district in the northern Telangana zone of Andhra Pradesh. It
is proposed to utilise 200 TMC of Godavari waters through
this Project to irrigate an area of 8.48 Jakh hectares under
its command spread over the districts of Adilabad, Nizamabad,
Karimnagar, Warangal, Khammam and Nalgonda under the
following canal systems which are depicted in SRSP command

area maps enclosed within.

3.1.1.1. KAKATIYA CANAL :
The canal will cover an area of 5.87 lakh hectares
in the districts of Nizamabad, Karimnagar, Khammam and

Nalgonda.

3.1.1.2. SARASWATHI CANAL :
This canal will cover an area of (.89 lakh hectares

in the district of Adilabad.

3.1.1.3. LAXMI CANAL :
This canal will cover an area of 0.0867 lakh

hectares in Nizamabad district.
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The topography of the command area is rolliing type
with wundulating physical features. The slope of land ranges
from 1 to 3 percent. The nature of soils in the command area
is 65 percent red soil comprising of red sandy loams and red
Toamy sands and 35 percent black soils comprising of clay and

silty clay soils.

3.1.2. CLIMATE :
The <c¢limate of the command area is semi-arid with
dry hot summer and fairly severe winter (minimum temperatures

recorded 9-10° C). The average annual rainfall is 944 mm.

3.1.3. 8SOILS :

The soils of the command area are red and black
s80ils with sandy loam to clay loam in texture. Alfisols (red)
usually cover elevated area and vertisois (black) occupy Ttow

Tying flat region.

3.1.3.1. LOCATIONS :

Totally 60 villages consisting of four districts
viz., HKarimnagar, Warangal, Nizamabad and Adilabad under
command area where rice is cultivated were covered and from
each village soil samples from 5 locations from rice fields
were collected. Thus total number of 300 soil samples were

collected.



The survey work which was undertaken on two
occasions i.e., 1) collection of initial soil samples for
s0il1 characterization before transptantation of rice ; and
ii) rice plant sampling (third leaf from above) at panicle
initiation stage from the same place where the soil samples
were c¢ollected. Supporting information regarding fertilizer
practices and other details were collected simultanecusly
through a questionnaire prepared for the purpose, The
locations for soil sampling were selected using Sreeramsagar
command area maps to cover second soil sampling and spread
out to cover the command area. Enough care was taken by way
of either fixing land marks or otheriwse to identify the
sampled site at a later date for collecting yield data. Yield
data was also obtained by organising crop cutting at the
concerned farmer’'s fields at the harvest of rice crop and
also so0il samples for the third time at post-harvest stage
with the help of departmental field assistants/officers from

as many sites as possible through communication.

3.1.3.2. SELECTION OF VILLAGES / SITES :

The sampling sites lie between 17°42° and 19°84°
north latitude and 77°35° and 8t°16’ east longitude.
Selection of 60 villages were done by grids/ units mapped in

Sree Ramsagar Project command area taking avacut road map of
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SRSP with the help of toposheets. Base maps were also
prepared and area was calculated from the grids. Total number
of grids selected were 21. Total area of wet land as per unit

is 965.75 sq.km.

3.1.3.3. COLLECTION OF SOIL SAMPLES:

The so0il samples were collected from the farmers'’
fields 1n the months of May and June when there were no
standing crops. Representative soil samples from 300 contact
farmers’ fields of 60 villages of command area were collected
from 0-15 cm depth by grid system following quartering method
even at the time of panicle initiation stage for estimating
s0il test values for N by two methods and soil samples for
the third time at the time of harvest were also coltected,
They were brought to laboratory and were air dried in shade
and then powdered in wooden mortar to pass through 2 mm sieve
and stored in polythene bags. Proper labelling was done and
estimation was carried out following standard methods and

results were expressed on air dry basis.

3.2. METHODS OF SOIL ANALYSIS

The soils were studied for physical, chemical
characteristics viz., soil reaction, socluble salt content,
texture, total N, organic carbon and availtable nitrogen by

alkaline permanganate method and calcium hydroxide

i
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distillation methods. Nitrogen estimation and other 1initial
characterisation of soils as followed for routine analysis in
the so0il testing laboratories in Andhra pradesh were also

carried out., Analysis for available P and K contents were

also carried out.

3.2.1. SOIL REACTION (pH)
The pH of soil was determined in a 1:2.5 soil water
suspension using a digital pH meter with glass electrade

assembly (ECIL) (Jackson, 1973).

3.2.2. SOLUBLE SALT CONTENT (EC) :

Soluble salt content in the scoil was estimated by
measuring the electrical conductivity of 1:2.5 so0il water
extract by using digital electrical conductivity meter (ECIL)

-1
as given by Jackson (1973) and expressed as dSm
3.2.3. TEXTURE :
Soil texture was determined by Feel method as described
in the Laboratory Manual of Soil Science (1985) and was used
in survey soils of initial, panicle initiation and post-

harvest samples and guick tests.

3.2.4. MECHANICAL ANALYSIS
Mechanical composition of experimental soils was

determined by international pipette method (Piper, 1950) and
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the content of sand, silt and clay were expressed as percent
and this method was done in the experimental soils of Jagtial

and Warangal.

3.2.5. CATION EXCHANGE CAPACITY (CEC) :

The Cation exchange capacity of soil was determined
by following the methods described by Jackson (1973) and was

-1

expressed in (C mol.(p+) kg
3.2.6. TOTAL NITROGEN

The total nitrogen in samples was estimated using
salicyclic acid thiosulphate modification of macrokjeldahl

digestion method as described by Bremner (1965 b).

3.2.7. SOIL TEST METHODS FOR NITROGEN :
Nitrogen was estimated using different methods as

outiined below.

3.2.7.1. OXIDISABLE ORGANIC CARBON :

Organic carbon was estimated by following the modified
titrimetric method of Walkley and Black (1934) as described
by Piper (1950) and visual colour method as followed in State

S$0il1 Testing Laboratories of Andhra Pradesh,

3.2.7.2. AVAILABLE NITROGEN

Available nitrogen was estimated by two different
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methods. The first is the Subbaiah and Asija {1956) method of

alkaline permanganate (KMnO method) estimation and the
4

result was expressed as kg/ha.

The second method used was based on Hot Ca(OH)
2

distillation as outlined by Prasad (1966) was estimated and

the result was expressed as kg/ha.

3.2.8. SOIL TESTING METHOD FOR PHOSPHORUS

The available phosphorus was extracted using 0.5 M
NaHCO3 at pH 8.5 at soil : solution ratio of 1:20 and shaking
for 30 minutes as estimated by Olsen et al. (1854). The
colour was developed by ascorbic acid method and was

expressed as kg/ha (Watanabe and Olsen, 1965).

3.2.8.1. PHOSPHOROUS FIXING CAPACITY OF SOILS

The method followed is that of Ghosh et al. (1983)
procedure is outlined below :

2.5 gm of soil were weighed in each of five 150 ml
conical flasks. To each flask 5 ml of 5, 12.5, 25 ana 37.5

ppm P QO prepared from stock solution of 1000 ppm P O was
25 2 5

added so as to achieve desired levels of 22.4, 86, 112 and

168 kg P O . A blank was also run for adding 5 ml of the
25

distilled water to 2.5 gm of soil. The flasks were stoppered
and incubated for 48 hours. At the end of incubation 45 ml of

0.5 N NaHCO (pH 8.5) was added to each of the flasks shaken
3
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for 30 minutes and P was estimated using ascorbic acid as
reducing agent. Difference between extracted and added P was

termed as fixed P O and the results were expressed as %
2 5

fixation of added P O and the remaining as recovery P O .
25 25
3.2.9. SOIL TESTING METHOD FOR POTASSIUM
The available potassium was determined in neutral

normal ammonium acetate (1 N.NH OAC) extract of soil (Muhr et
4

al. 1965) using flame photometer (ELICO Model CL-22A).

3.2.9.1. POTASSIUM FIXING CAPACITY OF SOILS

The potassium fixing capacity of soils was
determined by following the wet oxidisation method as
outiined by Ghosh et al. (1983). wWell processed soil (5 gm)
was taken in each of 11 conical flasks and potassium through
KC1 solution was added to give the concentration of 0, 10,
20, 40, 50, 100, 200, 400, 600 and 1000 pg/g of soil in such
a manner that the final soil : solution ration was adjusted
to 1 : 2, The contents in the flask were incubated for 72
hours at room temperature taking al)l necessary precautions to

prevent evapcoration. After incubation, 25 ml of N NH QAC
4

solution was added to all the conical flasks. The contents
were shaken for 5 minutes and filtered and K in the filtrate

was estimated by flame photometer (Model CL-22A).
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3.3. QUICK SOIL TESTS ADOPTED BY SOIL TESTING

LABORATORIES

3.3.1. ORGANIC CARBON TEST :

Organic carbon status of the soils under the study
was assessed by following the visual colour comparatcr method
which is routinely followed in the soil testing laboratories

of Andhra Pradesh., To 1 gm of s0il, 2 ml of 2.5 N K Cr O and
2 27

2 ml concentrated H SO was added. After 30 min. standing, 5
2 4

ml distilled water was added to the tube and the colour of
the suspension was compared with the standard colour chart.
If the colour is

Green / Blue : Organic carbon is high

Thick brown : Organic carbon is medium

Reddish / Yellowish : Organic carbon is low

3.4. FIELD EXPERIMENTS TO STUDY RESPONSE OF RICE TO N
FERTILISATION

Two field experiments were conducted 1in each
fertility category in the main cropping season {kharif 19986)
based on large area of the project command and samplte size 1in
Karimnagar and potential irrigated area in Warangal district,
two locations were selected in the command area, one each at
Regional Agricultural Research Station, Jagtial and the other

at Agricultural Research Station, Warangal. These two
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Table 2(a). Weekly rainfall

{mm)

at Jagtial and Warangal

in 1996 (at Standard weeks)
Standard Week Jagtial j Warangal
22 0.0 | 1.0
23 6.4 60.0
24 31.4 167.0
25 18.6 2.0
26 0.0 6.0
27 25.0 58,0
28 42.0 141.0
29 42.0 137.0
30 31.4 66.0
31 68,6 52.0
32 29.2 101.0
33 19.2 67.0
34 88.0 140.0
35 104.0 42.0
36 68.0 123.0
37 0.0 20.0
38 9.2 1.0
39 26.6 56.0
40 62.0 7.0
41 0.0 0.0
42 0.0 4.0
43 0.0 2.0
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Table 2(b}. Layout of field experiment conducted at Jagtial

T1
T2
T3
T4
T5H
T6
T7
T8
TS
T10
T11
T12
T13
Ti14 :
Design
Gross
Net

0-0-0 { CONTROL)
NO-PB-KB 0-60-50
N1/2B-PB-KB 60-60-50
NB-PB-KB 120-60-50
N1 1/2 B-PB-KB 180-60-50
NB-PO~KB 120-0-50
NB-P1/2 B-KB 120-30-50
NB-P1 1/2 B-KB 120-90-50
NB-PB-KO 120-60-0
NB - PB - K1/2 B 120-60-25
NB-PBE=~K1l 1/2B 120-60-75
N1 1/2B-P1 1/2B-K1 1/2B 180-90-75
Farmer's Practice 80-60-0
General recommended dose : 120-60-30

Factorial R.B.D. Replications : 3

plot size ;: 6 x 3 sq.m
plot size : 15.39 sq.m

T11

T1i3

T1

&



Table 2(c). Layout of field experiment conducted at Warangal

| T8
T14
T3
T10
! 6
T12

T2

T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14

Design
Gross plot size :

Net

L T Y Y T N L L L

t
r
i
¢
f

Rep-1

- w0 o
L)

Q|- G |-
[y oy
[y

-

L |
-1

M-

BUND

0-0-0
NO-PB-KB
N1/2B~-PB-KB
NB-PB-KB
N1 1/2 B-PB-KB
NB-PO-KB
NB-P1/2 B-KB
NB-P1 1/2 B-KB
NB-PB-KO
NB - PB - K1/2 B
NB-PB-K1 1/2B
N1 1/2B-Pl1 1/2B-K1 1/2B
Farmer'’s Practice
General recommended dose
: Factorial R.B.D.
6.5 x 3 sg.m

plot size : 16.74 sq.m

sk wa

s RE wk Ee a2

.
3

{ CONTROL )

0-60-50
60-60-50
120-60-50
180-60-50
120-0-50
120-30-50
120-90-50
120-80~0
120-60-25
120-80-75
180-80-75
80-60-0
120-60~30

Replications : 38

Rep-11

T7

| T11

T5

T13
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represent the similar farming situation of soils and soil
fertility category of fTarmers fields. Rice is the test crop
used at both the centres. The experimental design adopted was
a factorial Randomised Block Design (RBD) with three
reptications, and the layout of the experiment is given 1in
Table 2(b) ang Table 2{(c) for Jagtial and warangal
axperimental stations respectively. The weekly rainfall
recorded during the crop growth in standard weeks in kharif
1996 at Jagtial and Warangal are given in Table 2(a) and
shown 1in Fig. 1{(a) and 1(b) for the above two Jlocations

respectively.

3.4.1. JAGTIAL CENTRE

Rice as a test crop was taken up in field
experiment adopting a factorial RBD with the variety ‘IR-64’.
The rice crop was grown as per the recommended package of
practices and treatments were randomised within fertilizer
plots (or replicaticns) before taking up the crop. The
initial soil samples were analysed for soil properties and
are shown in Table 2(d). Twelve fertilizer treatments as per
the International Soil Fertility Evaluation Programme were
adopted as detailed by Waughs and Fitts (1965), and one
treatment each of farmer’s practice (FP) and general

recommended dose were also used. The 14 treatments thus
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Table 2{d). Initial soil test values of the field experiment

at Jagtial
S.No | Soil characteristic Value
1. pH (1:2.5 soil water extract) 8.09
2. Electrical conductivity (ds"!) 0.28-
3. Organic carbon (%) 0.31
4, Total nitrogen (Eg_haq) 845
5. | Cation exchange capacity (C mol P+ kg') 6.44
6. Available nitrogen {KMn04 method) (kg_had) 124.2
7. Available nitrogen (Ca(OH), method) 96.0

8. Available phosphorus (Olsen method) (kg haq) 16.22

9. |Available potassium (NHOAC method) (kg ha'l) | 272

10, | Critical level of PyQ (kg ha’') 34
11. P fixation (%) 45
12. P recovery (%) 556
13. Texture RSL
14. Mechanical analysis
Clay (%) 16
Silt (%) 9
Sand (%) 75

RSL = Red sandy’loan
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PLATE - 1
GENERAL VIEW OF THE EXPERIMENTAL PLOT AT JAGTIAL

PLATE - 2
TREATMENTAL DIFFERENCES IN THE FIELD AT JAGTTAT - A FATASE TAnw



obtained were replicated thrice in the field layout. Thus
there were a total of 42 experimental plots at this location.

The soil P critical value of Jagtial location was found to be

34 kg P O

25

-1

ha and P fixation capacity was 45 percent and

percentage ¢f P recovery was 55.

and K were calculated based on P fixation

capacity

of the so1tl,.

Nitrogen

recommendation for the area/or zohe.

was

as

3.4.1.1. PARTICULARS OF FERTILIZER TREATMENTS EXPERIMENTED

AT JAGTIAL AND WARANGAL

The fertilizer doses of N, P
and K fixation

blanket

Treatment Fertilizer dose (kg/ha)
T 1 = NO PO KO NO PO KO
T 2 = NO PB KB NO P60 K50
T 3 = N1/2 B PB KB N6O PB0O K50
T 4 = NB PB KB N120 P60 K50
T 5 =0N11/2 B PB KB N180 P80 K50
T 6 = NB PO KB N120 PO K5O
T 7 = NB P1/2B KB N120 P30 K50
T 8= NB P1 t/2 B KB N120 P80 K50
T 8 = NB PB KO N120 P80 KO
T 10 = NB PB K1/2 B N120 P60 K25
T 11 = NB PB K1 1/2 B N120 P80 K75
T12=N11/2B P11 1/2B K1 1/2 B N180 P90 K75
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E L2

T 13 = Farmer’s Practice N8O P60 KO
T 14 = General Recommendation N120 P60 K30
Here P and K denote P O and K O.

25 2
B = base value or blanket recommendation worked out by

taking 1into account P fixation capacity of the soil for
phosphorus. The doses worked out for N,P K were as follows

N fertilizer doses

N O = Control

N 1/2 B = 60 kg/ha
N B = 120 kg/ha
N1 1/2 B = 180 kg/ha

P fertilizer doses

P O = Control

Pi1/2 B = 30 kg/ha
P B = 60 kg/ha
P11/2 B = 90 kg/ha

K fertilizer doses

Ko = Control

K 1/2 B = 25 kg/ha
K B = 50 kg/ha
K11/2 8 = 75 kg/ha

Source of fertilizers were N through urea, P

through single superphosphate, and K through muriate of
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potash. The layout of the field experiment with three

replications is given below.

3.4.1.2. FIELD EXPERIMENT :

The paddy variety used was ‘IR-64° which is widely
cultivated during the kharif season 1in the region. The
individual plot gross area was 6m x 3m, i.e, with 18 sqg.m.
The net plot area was 15.39 sg.m. The dates of nursery,
transplianting and harvest were 21.6.1996, 28.7.1996 and
17.10.1996 respectively. Spacing between plant to plant was
15 c¢cm, and row to row spacing was maintained as 15 c¢m.
Appropriate plant protection measures were taken. The
experimental design adopted was a factorial RBD with three
replications of the above mentioned 14 fertilizer treatments.
The soil samples were collected and analysed for N by organic
carbon, KMnO4 and Ca(OH)z methods, P by olsen’s method and K
by ammonium acetate method. The plant uptake of N, P and K
were also calculated for each of the plots. The drymatter
yields were recorded at harvest.

A few agronomical observations on plant height,
tiller number, panicle length were also recorded at panicle

inttiation stage.
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3.4.1.3. METHODS OF SOIL ANALYSIS :
These procedures adopted have been outiined

previously under Materials and Methods section 3.4.

3.4.1.4. COLLECTION AND ANALYSIS OF PLANT SAMPLES :

Straw and grain samples were collected from each
subplot at the time of harvest and their fresh weights were
recorded. The samples were dried in hot air oven at 70°C to a
constant weight, ground in wiley mill and stored after proper
labelling. These were later analysed for N, P and K content

to compute the plant uptake values.

3.4.1.5. PLANT ANALYSIS
The ptant samples were analysed for both grain and
straw for N, P and K centent in the plant by following

standard methods as outlined below.

3.4.1.6, NITROGEN :
The nitrogen contents of grain and straw samples
were estimated by microkjeldahl method (AQAC, 1970) and were

expressed as percent,

3.4.1.7. PHOSPHORUS AND POTASSIUM
The plant samples were also digested by the wet
digestion method using a mixture of nitric and Perchloric

acid in the ratio of 9:4 (Diacid mixture) (Piper, 1950).
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Table 2{e), Initial soil test values of the field experiment
at Warangal

S.No | Soil characteristic Value
1. pH (1:2.5 s0il water extract) 8.64
2. | Electrical conductivity (ds'!) 0.80
3. Organic carbon (%) 0.53
4. | Total nitrogen (kg ha’l) 1204
5. Cation exchange capacity (C mol P+ kg*] 14.95
6. | Available nitrogen (KMn@,) (kg ha’') 184.6
7. Available nitrogen (Ca(OH),) (kg haqi 110
8. | Available phosphorus (Olsen) (kg ha’l) 29.36
9. Available potassium (NHd&AC) (kg haq) 512
10. | Critical level of P,0, (kg ha’l) 40
11, P fixation (%) 65
12, P recovery (%) 35
13. Texture Clay
14, Mechanical analysis

Clay (%) 47.5

8ilt (%) 15.0

Sand (%) 37.5
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Phosphorus in the digested material was determined
colorimetrically by vanadomolybdate-phosphate yellow colour
method of Koenig and Johnson (1942) using a Klett-Summerson
photo electric colorimeter wusing blue filter at 480 mu.
Potassium was estimated by using a flame photometer (Elico-
Model L-224) as described by Jackson {1973).

The grain and straw yields, soil test values at
panicle 1initiation and post-harvest stages are given 1in

Appendix 6.

3.4.2. WARANGAL CENTRE

A test crop with variety ‘Yerramallelu (WGL-20471)°
of paddy was grown in kharif 1996 with a factorial Randomised
Block Design by adopting recommended package of practices of
the area and standard treatments of International Soil
Fertility Evaluation Programme as detailed for the experiment
at Jagtial centre. The initial soil samples were collected
and analysed for different physical and chemical
characteristics are shown in Table 2(e).

The particuiars of fertilizer treatments adopted
were the same as was detailed for the experiment conducted at

Jagtial centre.
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3.4.2.1. FIELD EXPERIMENT

The details of the layout of field experiment are

as follows

i) Gross plot size : 6.5mX 3.5 m
ii) Plot area : 19.5 sg.m
ii1) Net plot area : 16.74 sa.m
iv} Spacing between plots : 60 ¢cm

v) S8pacing between replications : 80 c¢cm

vi) Within replication bund : 75 ¢cm
vii} Test crop : Paddy
viii) Variety : Yerramallelu {WGL-20471)
ix) Plant to plant : 15 cm
X} Row to row : 15 cm
xi1) Date of sowing nursery : 25.6.1996
xii} Date of transplanting : 21.7.1996
xiii) Date of harvesting : 29.10.19%6

3.4.2.2. METHODS OF SOIL AND PLANT ANALYSIS

After the harvest of crop, the drymatter yields
were recorded. The soil samples were also collected and
analysed for soil characteristics. Plant samples were
analysed for N, P and K contents in grain and straw adopting
standard procedures as outlined in sections 3.2. and 3.4,1.4.

of Jagtial centre. The grain and straw yields, soil test
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values at panicle initiation and post-harvest stages are

given in Appendix 7.

3.5. COMPUTATIONS

The following calculations were done using the data

generated from the field experiment.

3.5.1. TOTAL UPTAKE (kg/ha)
Total uptake = (nutrient in grain (%) / 100} X grain yield

+ {(nutrient in straw (%} / 100) X straw yield

3.5.2. BASIC DATA UNDER CONVENTIONAL PROCEDURE

Using the nutrient uptake data, soil test values,
applied fertiliser doses, grain yield data the basic data
required for making fertilizer recommendations were

calculated as follows.

a) Nutrient requirement (NR} (kg/q)
Total uptake (kg/ha)

Grain yield (g/ha)

b) Contribution from soil (€S %) (from control plots)
Total uptake (kg/ha)

5011 test value (kg/ha)
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¢) Contribution from fertiltizer (CF %) {from treated plots)
[Total uptakel - [s0il1 test value % CS]

[Fertilizer dose]

NR was worked out for altl the 42 treatment
combinations, €8 from only control plots (3 plots), and CF
from only fertilized plots (39 plots). Since the estimates

are to be used as N, PO and K 0, P was converted to P O by
z2 5 2 2 5

muttipiying the estimate with 2.29, and K to K O by
2

multiplying the estimate with 1.2046.

3.5.3. FERTILIZER ADJUSTMENT EQUATIONS FOR TARGETTED YIELDS
UNDER CONVENTIONAL PROCEDURE
The fertilizer adjustment equations were worked out
using the NR, C5 and CF data and fertilizer N, P205 and K20
adjustment equations for targetted yields were be worked out

as detailed below.
NR Cs
FD = ---- X T -  --=- X STV
CF CfF
where FD : fertiliser dose (kg/ha)
NR : nhutrient requirement (kg/q)
CS : contribution from soil (unit value)
CF : contribution from fertilizer (unit value)
T : yield target (gq/ha)

STV : so0il test value of a nutrient (kg/ha)

go



3.5.4. BASIC DATA UNDER SIMULTANEOUS ESTIMATION PROCEDURE

The estimates of contributions from soil (CS8) and
fertiliser (CF) can also be derived from each pair of plots
using the procedure as discussed by Sankar et al. (1983).

out of the estimates derived from all possibie
pairs of plots, the estimates which are with in the
stipulated range of 0 to 1 for all the nutrients together
from a pair of plots are chosen for the calibration of
targetted yield equations. The nutrient requirement (NR) s
derived from only those pliots which are involved 1in the
computation and selection of pairs of plots for estimating CS
and CF for N, P and K nutrients together by the formulae as
mentioned above., The NR is also computed by using all the 14
plots as an alternative to the estimate based on the selected
plots which were involved in the computation of CS and CF

estimates as discussed by Sankar et al. (1983).

3.5.5. TARGETTED YIELD EQUATIONS UNDER THE SIMULTANEOUS
ESTIMATION PROCEDURE

The targetted yield eguations can be computed based

on the equations described in the section 3.5.3. wunder the

conventional procedure. Two sets of equations can be derived

for each nutrient by computing and using the NR for all the

i4 plots, and computing and using NR from only those plots



which are involved in the computation and selection of CS and
CF. Although the estimate of NR might slightly differ, the
same estimate of CS and CF is used for working out targetted

yield eguations.
3.6. CORRELATION AND REGRESSION ANALYSIS

3.6.1. CORRELATION ANALYSIS

The estimates of correlation of yield, plant
uptake, soil test values and applied fertitizer doses of N, P
and K nutrients are to be derived using the standard
statistical procedure.for computing Karl-Pearson correlation
coefficients. The valuegs are tested by using ‘t-test’ for
their significance and their use 1in calibrating multiple
regression models. The correlations would indicate different
types of relations among variables, high or low, positive or
negative, significant or non-significant for Jjudging the

variables for their further utility in regression analysis.

3.6.2. MULTIPLE REGRESSION ANALYSIS

For predicting the grain yield through soil test
values and fertilizer doses of N, P and K nutrients, and
their interactions, the standard multiple regression model as
postulated below is calibrated for the data generated in the

survey of the farmer’s fields and at Jagtial and Waranhgal



locations following the procedures as described in Draper and
smith (1969). The models have been calibrated on a Pentium
Computer using the standard regression software as followed
for statistical analysis of data in the Soil Test Crop
Response Correlation Project. The postulated multiple

regression model is of the form

Y = a % bl SN * b2 SN2 + b3 8P £+ b4 SP? + b5 8K + b6 SK?

+ b7 FN = b8 FN* + b9 FP + b10 FP? * bl11 FK £ b12 FK?

i+

P13 FNSN + b14 FPSP + bi5 FKSk

where SN, SP and SK are soil N, P and K nutrients (kg/ha) ;
FN, FP and FK are fertilizer N, P and K nutrients (kg/ha) ;
a is intercept ; bi1,b2,..bts are regression coefficients ;

Y is grain yield (kg/ha).

3.6.3. FERTILIZER ADJUSTMENT EQUATIONS AND OPTIMISATION OF
FERTILIZER DOSES

Using the multiple regression models which have a
high estimate of R?® value (R* > 0.67) the fertilizer
adjustment equations can be separately derived by
differentiating grain yield partially with respect to
fertlizer N, P and K nhutrients. The equations have to be
derived only if the fertilizer response type is (+ - -) for a
nutrient, say N, where the sign of the linear fertilizer term

is +, quadratic term is -, and interaction of soil and
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fertilizer is - respectively. The regression equation is used
for deriving fertilizer adjustment equation for maximum
yield, maximum profit, and alsc for a desired rate of return
as discussed by Sankar (1986).

Using the fertilizer adjustment equations, Ready
Reckoners can be developed which provide optimal fertiliser
doses for varying soil test values and aiso for varying
marginal trates of return from & given experiment. This type
of information can also be derived Ffrom the regression
results of survey data generated with this study for the

Sreeramsagar Project command area in different soils.

3.7. RESPONSE TO ADDED NITROGEN
The response to added nitrogen was calculated by
the formula as given by Thakur (1993)., The response to N can
be given as
RBY of treated plot - GY of control plot
(kg/ha) (kg/ha)

Response to added N T mmmmm e e e ————— T
(kg grain/kg applied N) Fertilizer N dose (kg/ha)

3.8. SOIL NUTRIENT INDEX
Biswas and Mukherjee (1987) suggested the following

formula for computing soil nutrient index (NI) by giving



weightages to number of samples falling into tow, medium

high fertility classes

N1 + 2 Nm + 3 Nh

N1 + Nm + Nh
where N1, Nm and Nh are the number of soil samples fa
under Low, Medium and High nutrient status and are

weightages of 1, 2 and 3 respectively.

and

11ing

given
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RESULTS



CHAPTER 1V
4.0. RESULTS

A survey of soils for fertility evaluation was
conducted in Sreeramsagar project command area where
predominantly rice is grown as the principal crop during the
year 1994, Surface (0-15 cm) soil samples from farmer’s
fields were collected in the months of May and Juhe covering
the project command spread over four districts of Telangana
region of Andhra Pradesh viz., Karimnagar, wWarangal,
Nizamabad and Adilabad with the help of command area maps. A
questionnaire was prepared for collecting information from
300 farmers spread over 60 villages. Soil samples were
collected from the selected fields before transplantation of
rice, at panicle initiation and at post-harvest stages of
crop growth. Plant samples were c¢ollected at panicle
initiation stage from the same fields where soil samples were
collected. The technical format of the Soil Test Crop
Response Correlation Project was adopted for collection and
interpretation of soil test data for obtaining correlations
of 1initial and post-harvest soil test values. This is also
done for differentiating textural classes and to classify the
soils into "low’, ‘medium’ and ‘high’ categories with respect

to available N. This categorisation was later subjected to
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scrutiny based on field experiments conducted during kharif
1996 at Jagtial and Warangal locations using rice as test

crop and its response at different JTevels of N fertilization,

4.1. SURVEY 1IN FARMER’S FIELDS 1IN SREERAMSAGAR PROJECT

COMMAND AREA

Based on the information collected through the
questionnaire on different parameters like initial soil test
values, soil test values at the panicle initiation stage, and
at harvest of rice crop, applied fertilizer doses, grain
yield, ptant nitrogen content at panicle intiation stage and
various other details, the data was evaluated criticaliy by
using different statistical techniques. The data collected on
different parameters covered 300 farmers from 60 villages (5
farmerse from each village) covering 2t mandals from 4
districts of Andhra Pradesh viz., Karimanagar, Nizamabad,
Warangal and Adilabad. The villages selected under each
mandal covered area irrigated by the ‘Saraswathi Canal’ and
the ‘Kakatiya Canal’, and also distributory-wise Jlocations
are given in Table 1. The guestionnaire used for conducting
the survey 1is given in Appendix 1. The original data of
initial soil test values collected and screened in the sample

survey for each district under each soil texture group are
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provided in the Appendix 2. The wet area details of the
command area under the Sreeramsagar project are provided in
Table 2. The results of the sample survey in the farmer’s

fields are discussed below.

4.1.1. SOIL-FERTILITY STATUS AND FERTILIZATION PRACTICES OF

FARMERS OF SREERAMSAGAR PROJECT COMMAND AREA

Fertility status of command area soils revealed
that red (alfisols and inceptisols) chalka and black
{vertisols) clay soils are predominant groups. The data on
different parameters have been examined for each district
within each soil texture group. There was a wide range of
variability in the initial soil test values for organic
carbon (0C) and available Nitrogen (KMnoq) methods, available
P (Olsen’s P) and ammonium acetate extractable K. The values
of OC (%) were found to range between 0.09 and 1.97 with a
mean of 0.95 (S.D. of 0.03) for Karimnagar district, 0.73 and
1.66 with a mean of 1.02 (0.25) for Nizamabad district, 0.31
and 2.02 with a mean of 0.80 (0.46) for Warangal district,
and 0.65 and 1.92 with a mean of 1.13 {(0.32) for Adilabad
district. The mean Kanq—N was found to be 186 for
Karimnagar, 226.9 for Nizamabad, 183.5 for Warangal and 202.6
for Adilabad. The corresponding post~harvest soil N estimates

were 167.1, 213.7, 189.3 and 232.9 kg/ha in the 4 districts
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Table 3. Descriptive statistics of scil test value; and vyleld
based on survey data under Sreeramsagar project
Variable [Minimum Max1imum Mean S5.D CV. ()
KARIMNAGAR
GY 12.0 52.8 25.9 11.1 42.48
oC (I) 0.09 1.97 0.95 0.03 34.6
KM (I) 75.3 360.06 186.0 49.7 26.7
oL (I) 4.0 55.0 23.2 11.5 49.5
AM (I 36.0 528.0 255.3 90.8 35.06
KM (PH) 62.0 316.0 167.1 _ 42,2 25.2
OL {PH) 6.0 80.0 27.2 12,6 46. 3
AM (PH) 106.0 546,90 264.7 83.5 35.3
NTZAMABAD

GY 14.0 21.0 17.0 2.5 14.1
oC (D) 0.73 1.66 1.02 0.29 24.8
KM (I) 106.6 404.,5 226.9 70.4 31.0
OL (I) 18.0 46.0 25.3 7.9 31.1
AM (I) 189.0 645.0 376.9 129.1 34.2
KM (PH} 124.0 410.0 213.7 75.7 124.0
OL (PH) 19.0 46.0 30.4 8.6 28.5
AM (PH) 162.0 616.0 323.8 141.2 162.9
OC : Organic carbon (%)

KM : KMnO,-N (kg ha_ﬁ
QL : Olsen-P (kg ha '}

AM : Ammonium acetate-K (kg ha™

GY : Grain yield (g ha )
I : Initial s0il test wvalues
PH : Post-harvest scil test wvalues
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Table 4. Descriptive statistics of soil test values and yield

based on survey data under Sreeramsagar project

Variable | Minimum Maximum Mean S.D. C.V. (%)
WARANGAL
GY 16.0 42.0 25.6 §.1 31.7
oC (1) 0.3 2.0 0.8 0.5 57.9
KM (I) 116.0 279.1 183.5 43,2 23.86
OL (I) 7.0 38.0 22.4 9.2 41.2
AM (1) 102.0 382.0 246.8 70.4 28.5
KM (PH) 128.0 305.0 189.3 16.4 24,5
OL (PH) 10.0 46.0 28.1 9.2 2.8
AM (PH) 102.0 402.0 219.6 68.0 31.0
ADILABAD
GY 14,0 28.0 19.8 4.0 20.2
oC (I) 0.7 1.9 1.1 0.3 28.3
KM (1) 131.7 266.6 202.6 38.86 19.1
oL (1) 10.0 61.0 30.9 14.6 47.2
AM (1) 169.0 502.0 232.9 127.6 54.8
KM (PH) 138.0 270.0 206.6 40.4 19.6
OL {PH) 12,0 60.0 37.3 16.4 43,9
AM (PH) 88.0 486.0 190.9 107.8 56.5
OC : Organic carbon, (%)

q0

KM : KMnO,~N (kg ha ')

OL : Olsen-P (ke hal)

AM : Ammonium acetate-K (kg hal)
GY : Grain yield (g ha )

I : Initial soil test values

PH : Post-harvest soil test values



respectively. A wide range in soil N, P and K nutrients at
post—-harvest stage were observed in all the districts. The
data of different parameters collected at initial stage are
given 1in Appendix 2. The data of different parameters
collected at panicle initiation and post-harvest stages are
given in Appendix 3. The descriptive statistics of different
variables of Karimnagar and Nizamabad are given in Table 3

and Warangal and Adilabad districts are given in Table 4,

4.1.1.1. RICE YIELD OBTAINED IN FARMERS FIELDS OF SURVEYED

DISTRICTS

The grain yield data obtained from available
farmers fields of surveyed districts at harvest indicate that
grain yield ranged from 12 to 52.8 g/ha in Karimnagar, 17.6
to 21 g/ha in Nizamabad, 16 to 42 q/ha in Warangal, and from
14 to 28 g/ha in Adilabad district. Thus there was a wide
range of yields obtained by farmers in the surveyed
districts. The standard deviation (g/ha) and C.V. (%)} of
grain yield 1in farmers fields were found to be 11.1 qg/fha
(42.8 %) in Karimnagar, 2.5 (14.1) in Nizamabad, 8.1 (31.7)
in Warangal, and 4 gq/ha (20.2 %) in Adilabad district. The
data of yield and post—-harvest soil test values were obtained
from 132, 11, 25 and 18 farmers of Karimnagar, Nizamabad,

Warangal and Adilabad districts are used for analysis.
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Table 5, Estimates of correlation between soil test values,
fertilizer doses and grain yield based on survey data
of farmersg fields under Sreeramsagar project

Variables Karimnagar | Nizamabad Warangal Adilabad
GY 3 IOC 0;03 "'0-61 * 0002 -0033
GY » IKM "'0003 "'0o46 -0028 ""0003
GY , IOL -0.33 *x% -0.60 * ~(3.41 *» -0.15
GY , IAM -0.25 *x% ~-0.21 Q.40 * -0.21
GY , FN 0.39 ** 0.44 0.27 0.49 %
QY , FP 0.21 * 0.12 0.25 0.48 »
dgY , PIN 0.52 *% 0.61 % 0.41 * .50 *
JOC , FN 0.01 -0.38 0.21 -0.31
IKM , FN 0.01 -0.39 0.04 -0,35%
I0L , FP 0.05 0.03 0.04 -0,36
IAM , FK ~0.24 0.04 -0.30 -0,31
IKM , PHKM 0.83 *x 0.87 ** 0.92 %% .71 *%
I0L , PHOL 0.78 *x 0.84 %% 0.82 *x% 0.80 *x%
IAM , PHAM 0.72 ** 0.61 % 0.73 *x% 0.93 *x%
PIOC , PIN 0.51 #x 0.38 0.31 0.34
PIKM , PIN 0.59 *» 0.36 .46 * 0.49 *

GY : Grain yield (kg haq} y

FN, FP and FK : Fertilizer N, P and K doses (kg ha ')

IOC : Initial organic carboq (%)

IKM : Initial soil N (kg had) (KMnOrﬂﬂ)

IOL : Initial soil P (kg had) {Olsen-P)

IAM : Initial soil K (kg ha ") (Aqﬂonium acetate~K)

PHKM : Post~harvest so0il N (kg haq) (KMnOrdn

PHOL : Post-harvest soil P (kg haq) {Olsen-P)

PHAM : Post-harvest s20il K (kg ha ) (Ammonium acetate-K)

PIN : Plant N (%) at panicle initiation stage

PIOC : Organic carboq (X} at panicle initiation stage

PIKM : Soil N (kg ha '} at panicle initiation stage (KMNOf¢U



4.1.2. CORRELATION OF SOIL TEST VALUES, FERTILISER DOSES AND
YIELD FROM THE DATA FARMER'S FIELD

The relations between different variables have been
examined by computing the estimates of corretlation between
different variables of initial soil test values, applied
fertilizer doses of N, P and K nutrients, percent N content
in the pltant, available soil N at the panicle initiation
stage, grain yield at harvest, and also post-harvest soil
test values for N, P and K nutrients. The estimates of
correlations of different variables at each district are
given in Table 6.

The correlations have indicated that there was a
high and significant relation between initial, panicle
initiation and post-harvest soil test values for N, P and K
nutrients 1in all the four districts surveyed. The estimates
of correlations were 0.83 (*x), 0.78 (*x), 0.72 (*x) for N, P
and K nutrients at Karimnagar district. The vatues for the
three nutrients were 0.87 (xx), 0.84 (*x), 0.61 {(*x) at
Nizamabad, 0.92 (*x), 0.82 (xx), 0.73 (*x) at Warangal, and
0.71 (*x), 0.90 (xx), 0.93 (*x} at Adilabad respectively.

It was observed that grain yield had significant
negative correlation with initial soil P (-0.33 *x) and K

(-0.25 xx}, significant positive correlation with fertilizer
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N (0.3% *x), P (0.21 x) and K (0.46 *x) nutrients at
Karimnagar, and significant negative correlation (-0.61 x)
with OC (%) and Olsen’s P (-0.60 x) at Nizamabad district.
while grain yield had significant negative correlation with
soil P (-0.41 x) but significant positive correlation with
soil K (0.40 ), significant positive correiation with
fertitizer K {(0.39 x)} at Warangal, where as it had negative
and non-significant relation with soil test values, and
positive and significant relation with fertilizer N {(0.49 x)
and P (0.48 x) nutrients at Adilabad district. There was a
significant correlation between plant N content and the total
soil N of 0.51 xx ( with organic carbon) and 0.59 xx (with
KMNnO4-N) at panicle initiation stage of the crop in
Karimnagar district. The similar correlations were 0,38 and
0.386 at Nizamabad, 0.31 and 0.46 (*) at Warangal, and 0.34
and 0.49 (x) at Adilabad respectively. The correlation
between grain yield and pltant N at panicle initiation stage
was found to be 0.52 (¥x) at Karimnagar, 0.81 (*x) at

Nizamabad, 0.41 (*) at Warangal and 0.50 (*) at Adilabad.

4.1.3. PREDICTION OF SCIL TEST VALUES UNDER FARMER’S FIELD
CONDITIONS BASED ON THE SURVEY DATA
Multiple regression eqguations of post-harvest soil

test values through 1initial soil test values, applied

T4
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fertilzer doses and harvested grain yield have been worked
out for each district for predicting soil N, P and K
nutrients under farmer’s field conditions in each of the four
districts wunder the Sreeramsagar command area. Since the
post-harvest soil test values are highly and significantly
carrelated with 1initial soil test values, the prediction
equations would give a basis for predicting soil test values,
which can be used by soil testing laboratories for making
fertilizer recommendations. The Soil N, P and K regression

equations for Karimnagar district are as follows

* XK
SN (PH) = 29.65 + 0.704 SN (I) + 0.134 FN - 0.149 GY
(R® = 0.69 xx g = 23.7 C.V. (%) = 14.2)
* %
SP (PH) = 10.60 + 0.884 SP (I} - 0.884 FP + 0.0863 GY
(R = 0.62 *x g= 7.8 C.V. (%) = 28.7)
Xk
SK (PH) = 100.76 + 0.712 8K (I) - 0.348 FK - 0.324 GY
(R* = 0.52 *x g = 65.7 C.v. (%) = 24.8)

The results indicate that significant predictions
can be made with the surveyed data of Karimnagar district for
all the three nutrients. Similar results have been worked out
using the data generated under the survey in the other three
districts, and the results are given in Table 6. The

regression coefficients of soil N, P and K nutrients were

9



found to be highly significant for making post-harvest soil
test predictions. Thus the results indicate that it 1is
possible to predict the soil available nutrient status based
on the KMn0O4 method for N, Olsen’s method for P and Ammonium
acetate method for K from the survey data for all the four
districts under the Sreeramsagar project command area. The
number of farmers surveyed from the four districts were 230
from Karimnagar, 15 from Nizamabad, 25 from Warangal, and 30
from Adilabad. The sample size in Karimnagar district is
comparitively large because a large area of the project

command 1s in that district.

4.1.4. PREDICTION OF SOIL NITROGEN (KMnO4-N) THROUGH ORGANIC

CARBON CONTENT IN DIFFERENT SOILS

Significant relations were found between organic
carbon (%) and available s0il N as estimated through KMnO4
method. Hence an attempt has been made to predict available
nitrogen through organic carbon content (%) in different
soils of each district under the project. The prediction
equations of each district over all the textures are as

follows :

77



Table 7. A ready reckoner for predicting alkaline permanganate N through
organic carbon (%) at different districts of survey soils

Predicted soil N (kg/ha)

v e e S S e Sl v Rk e M W e W M A el Sy et Ak e L e S L N EE A A T W M T W A MR i A N A e e e

0.C. {%) Karimnagar Nizamabad Warangal Adilabad
0.1 153 282 175 132
0.3 156 270 178 146
0.5 158 258 180 159
0.7 161 246 183 173
0.9 164 234 185 187
1.1 166 222 187 201
1.3 1869 210 1980 215
1.5 171 198 192 228
1.7 174 186 195 242
1.9 176 174 197 2586
2.1 179 162 200 270

A Sy g i e e ek ek S e e e T T MR MR W M MR MR EE MR M LA M ML R AL W EE M R N R A AN MR W A T

Prediction equations of each district are

Karimnagar KM = 152 + 12.78 OC (%) R2 = 0.66 *x
Nizamabad KM = 288 -~ 58.81 OC (%) R2 = 0.60 *%¥
Warangal KM = 174 + 12,25 0OC (%) R2 = Q.61 *%
Adilabad KM = 125 + 68.99 OC (%) R2 = 0.71 #*x



Table 8. Relation between organic carbon and alkaline
permanganate N and their prediction in different soil

textures of Karimnagar soils

Texture No.of Prediction equation R? value
samples

L & 4

Clay loam 51 KM = 159 + 39.9 OC 0.62 *x
* %

Sandy clay loam 123 KM = 168 + 22.7 OC 0.69 **
E 3 3

Sandy loam 41 KM = 148 + 44.3 OC 0.57 *x%
E 33

5ilt loam 10 KM = 78 + 145.8 0OC 0.59 *x

OC : Organic carbon (%)
KM : Alkaline permanganate nitrogen (kg haq)

** ; Significant at 1 % level of significance



K
Karimnagar : KMNO ~N = 152 + 12.78 OC (%)
4
(R = 0.66%%x |, o = 48.4 , C.V. (%) = 25.1)
&K
Nizamabad : KMNO -N = 288 - 59.81 OC (%)
4
(R% = 0.59%x% , o = 72.5 ’ C.V. (%) = 34.4)
*%
Warangal : KMNO -N = 174 + 12.25 0OC (%)
4
(R? = 0.61%x , o = 43.8 . C.V. (%) = 23.8)
K
Adilabad : KMNO -N = 125 + 68.99 0OC (%)
4
(R2 = 0.71%%x |, o = 32.7 , C.v. (¥) = 15,8)

Based on the above prediction equations, estimates
of soil N have been predicted at different organic carbon
levels for each district and are given in the form of a ready
reckoner in Table 7. The relation between organic carbon and
KMNnQO4-N in each texture of Karimnagar soils and the

prediction equations are given in Table 8,

4.1.5. CLASSIFICATION OF SOILS INTO LOW, MEDIUM AND HIGH
CATEGORIES BASED ON THE SURVEY DATA

The categorisation of soil test values of initial

and panicle initiation stages based on low, medium and high

ratings alongwith nutrient index values have been compiied

for the four surveyed districts and are given in Tables 9 and

10 respectively. Soil fertility ratings based on different
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Table-13. District-wise textural classification of soils based on N soil test valuss

collected at harvest of rice under SreeramBagar Project Command Arsa

------------------ vy s o i o Sy s o e

Alkaline persanganate N

Low Madium High

Texture NG, Percent No. Percent Ho. Percent Total NI
KARIMNAGAR

Clay loam 26 92.9 1 a.6 1 3.6 28 1.1
Clayey 4 100.0 o 0.0 0 a.0 2 1.00
Loamy sand 1 100. ¢ 0 0.0 0 0.0 1 1.00
Sandy clay loam 69 98.8 1 1.4 QO 0.0 70 1.01
Sandy loam 22 100.0 o 0.0 0 0.0 22 1.00
$i1t loam 9 100.0 0 g.0 0 0.0 9 1.00
Total 129 97.7 2 1.5 1 0.8 132 1,.03%
NIZAMABAD

Clay locam 1 t00.0 0 0.0 0 0.0 1 1.00
Sandy clay loam 3 75.0 1 25.0 [} 0.0 4 1.28
Sandy loam 0 0.0 1 100.0 ¢] 0.0 1 2,00
811t clay loam 0 0.0 4 100.0 0 0.0 4 2.00
841t Toam 0 0.0 1 100.0 o 0.0 1 2.00
Total 4 36.4 7 53.¢6 0 0.0 1 1.04%
WARANGAL

Clay Joam T 87.5 1 12.5 0 0.0 8 1.13
Sandy ciay loam t4 93.3 1 6.7 0 0.0 15 1.07
8ilt clay Toam 2 100.0 0 0.9 0 0.0 2 1.00
Total 23 92.0 2 8.0 0 0.0 25 1.08%
ADILABAD

Clay loam 12 100.0 0 0.0 0 0.0 12 1.00
Loamy sand 1 100.0 0 Q.0 0 0.0 1 1.00
Sandy clay loam 2 100.0 0 0.0 o] 0.0 2 1.00
Sandy loam 1 100.0 1] Q.0 ] 0.0 1 1.00
81t loam 2 100.0 1] 0.0 0 0.0 2 1.00
Total 18 100.0 0 0.0 0 0.0 18 1.00%

* Mean nutrient index over textures

jo b



textures with initial N s0il test values of farmers fields
into different categories have been worked out for each
district and are given in Table 11. This is done to assess
the soil fertility status of the farmer’'s fields and examine
the basis of fertilizer recommendation,

Farmers have been applying fertilizers based on
general fertilizer recommendations prescribed by the
government/ agricultural university. Since there is a need to
correct the dose by taking into account the native soil
fertility status, an attempt has been made to assess the soil
fertiltity of farmer’s fields based on the existing ratings of
low, medium and high groups of N status. It was found that
221 fields were 1low, 8 were medium and 1 was high 1in
Karimnagar district. The frequencies for the other districts
were 14,1,0 under L, M and H for Nizamabad, 25,0,0 for
Warangal, and 28,2,0 for Adilabad districts respectively.
This indicates that most of the farmer’'s fields (about 97 %
surveyed) are lTow to medium for all the three nutrients. An
attempt was made on texture-wise classification of soils
based on soil test values collected at panicle initiation and
post-harvest stages of rice growth in all the four districts
surveyed and are given in Tables 12 and 13 respectively. The

district wise textural classification of soils based on P and
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K s0il test values collected at harvest of rice crop 1into
different ratings and nutrient indices are given in Table

13(a).

4.1.6. A QUICK SOIL TEST METHOD FOR ASSESSING SOIL FERTILITY
OF FARMER’S FIELDS

Based on quick soil test of colour comparison of
organic carbon determination as an index of N in scils which
is adopted in the State Soil Testing Laboratories of Andhra
Pradesh, a survey of soil samples of 150 farmers covering
four districts were assessed and the conclusions drawn from
the test are indicated below.

Out of 120 soils studied in Karimnagar district it
was observed that 83.7 % of soil samples were rated as ‘low’,
7 % ‘medium’ and 9.3 ¥ ‘high’ under sandy clay lcam texture
(8CL), 97.1 % under clay loam (CL) and 88.4 % under sandy
loam (SL) were rated as Tow in these districts. A negligible
percent was observed under medium and high soil fertility
index of OC in ciay loam texture, where as 9.3 % were 1in
sandy loam texture in the same district.

In Nizamabad and Warangal districts, all the
samples were found to be in the Tow category of organic
carbon status. In Adilabad district, 85.7 ¥ were ‘low and

14.3 % were medium under sandy clay loam, 57.1 % were low and

lo?
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42.9 % medium under sandy loam texture and the results are
given in Table 14,

N status as determined by three methods viz.,
Visual c¢olour comparitive method as done in 8Soil Testing
Laboratories, Organic carbon by Walkley and Black Titration
method, and alkaline permanganate soil N method (Subbiah and
Asija (1956) were compared for 150 soils selected and ratings
were given with nutrient indices in Table 14(a). The nutrient
indices have been worked out for these three methods as a
comparison and are given in Table 15. It is observed that 133
cases were low, 9 were medium and 8 were high under Visual
colour comparitive method. The low, medium and high cases
were 15, 20 and 115 under Titrimetric method. There were 143
under low and 7 under medium under the alkaline permanganate
method of N 1in the surveyed distrcts. A comparison of N
nutrient indices in the surveyed districts as given in Table
15 indicated that Tow nutient index was existing in all the
four districts under the gquick test based on organic carbon.
While Karimnagar, Nizamabad and Adilabad were having high
nutrient indexes, Warangal was found to have medium nutrient
index wunder the routine soil test based on Titrimetric
method. A1l the four districts were found to be having Jow
nutrient indexes based on the routine soil test of alkaline

permanganate method of N.

13



4.1.7. FERTILIZATION PRACTICES ADOPTED BY FARMERS

Farmers have been using fertilizers based on the
general recommended dose as prescribed in the state by the
government from time to time. The doses were varying from
district to district depending on the soil texture, P
fixation and release of the soils, and also based on the
farmer’'s investment capacity, expectation from investment and
choice and availability of fertilizers. There was no uniform
dose applied even 1in a same village, or mandal or the
district. 1Inspite of this, farmers have obtained high grain
yields of rice varieties in most of the villages which was
evident from the survey. In view of this, there is an urgent
need to standardise the fertilizer doses based on soil test
values based on the recommendations of the All India

Coordinated Soil Test Crop Response Correlation Project.

4.2. FIELD EXPERIMENTS AT JAGTIAL AND WARANGAL

The data of field experiments conducted at Regional
Agricultural Research Station, Jagtial and the Agricultural
Research Station, Warangal have been analysed using different
statistical techniques with the objective of developing a
suitable fertilizer recommendation based on soil tests for
alfisols and vertisols and the results are detailed 1in the

following sections. The weekly rainfall during crop growth

1y



Table 16. Analysis of variance of grain yield, drymatter production and composgition
in rice at Jagtial during kharif 1936

-— A A W ik T R Y i i e kA ik R A = TS W A T U S WP ik e Ay e o S T Mk M L M M e e

S.No.Treatment GY sY GR-N GR-P GR-K ST-XN ST-F ST-K
1 0-0-0 1155 1538 1.12 0.19 0.19 0.98 0.11 1.11

2 0-60-50 1624 2480 1.42 0.15 0.34 1.21 .12 1.08

3 60-60-50 2012 2892 1.27 0.15 0.19 0.80 0.12 1.11

4 120-60-50 2452 4418 1.47 0.13 0.18 0.42 g.11 1.11

5 180-60-50 2552 4397 2.32 0.14 0.19 0.94 0.14 1.14

6 120-0-50 2077 3646 2.70 0.15 0.18 0.67 0.14 1.02

7 120-30-50 2378 4418 2.74 6.15 0.17 0.43 0.13 1.08

8 120-90-50 2701 3595 z2.70 0.13 0.17 0.41 0.13 1.10

9 120-60-0 2493 3530 2.82 G.14 0.17 0.48 0.15 1.15

10 120-60-25 2434 47786 1.93 0.15 0.17 0.37 .14 1.07
11 120-60-T75 1997 3617 1.58 0.14 0.16 0.53 0.14 1.07
12 180-90-75 2928 5025 2.20 0.12 0.30 0.92 0.16 1.05
13 80-60-0 2681 3357 1.85 0.14 0.17 0.50 0.11 1.16
14 120-60-30 1759 3338 2.12 0.15 0.17 0.89 0.10 1.15
Mean 2260 3645 2.02 0.15 0.20 0.68 0.13 1.10
SEm 303.2  349.7 0.05 0.02 0.05 0.04 0.02 0.04
CD (5%) 909.6 101.86 0.18 - - 0.10 - -
C.V. (%) 23.2 16.6 4.8 20.4 45.4 k| 20.7 6.0
F-test xx *x *% NS NS ** NS NS

e T Ty . T o ol T o o e e g . . e g g . i R e AN W e . e At A W . S L e S T =

GY : Grain yield (kg/ha)

SY : Straw yield (kg/ha)

GR-N, GR~P and GR-K : N (%), P (%), K (%) in grain
ST-N, ST~P and ST-K : N (%), P(%}, K{(%) in Straw
*%¥ : Significant 1 X level of significance

NS : Not significant
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recorded in the standard weeks in kharif 1996 at Jagtial and
Warangal are given in Table 2(a), and shown in Fig.1(a) and
1({b) for the two centres respectively 1in "Materials and

Methods"” chapter.

4.2.1. DESCRIPTIVE STATISTICS OF DIFFERENT PARAMETERS
4.2.1.1. JAGTIAL CENTRE
4.2.1.1.1. DRYMATTER PRODUCTION AND GRAIN YIELD

Crop experiment with test crop as paddy (IR-64) was
laid out at Jagtial during kharif 1996, Grain and drymatter
yields were recorded at harvest, and it was observed that the
maximum grain yield of 2928 kg/ha was reccorded in T12
treatment (180-90-75). This is followed by T8 (120-90-50)
treatment with 2701 kg/ha. The highest drymatter production
was observed in T12 treatment (5025 kg/ha) and folliowed by
T10 (120-60-25) with 4776 kg/ha. It was observed that 180 kg
N application has increased the grain and drymatter yields,
whereas farmer’s practice has provided a grain yield of 2681
and drymatter of 3357 kg/ha. The observed data of each
treatment are presented in Table 168. The replicated data of
grain and straw yields, along with all other parameters are
given 1in Appendix 6. The grain yield obtained at different

fertilizer treatments is given in Fig.2(a).

=)



Table 18. Descriptive statistics of yield, plant uptake and soil
nutients at Jagtial and Warangal

Variable | Minimum Maximum Mean S.D. C.V.{¥%X)
JAGTIAL
GY 948.70 3691.00 2260.00 660.170 29.2
UN 24.10 126.90 7.0.90 26.20 36.9
Up 3.70 13.30 8.00 2.50 31.0
UK 16.60 65.10 44.50 12.30 27.6
OC-N 0.06 0.73 0.29 0.16 53.2
KM-N 94.10 435.90 157.80 75.20 47.7
CA-N 75.30 348.70 126.30 60.20 47.6
OL-P 11.00 50.00 22.90 10.00 43.86
AM-K 134.40 211.20 174.40 19.10 10.9
WARANGAL
GY 2210,00 4719.00 3297.00 525.50 15.9
UN 26.90 145.80 62.90 25,60 40.6
Up 3.80 10.00 6.50 1.50 23.6
UK 28.30 60.30 39.30 7.30 18.7
OC-N 0.12 1.05 0.64 0.23 35.8
KM-N 141.60 351.20 201.70 40.90 20.3
CA-N 115.30 281.00 161.60 3z2.70 20.2
OL-P 44,00 87.00 69.60 13.00 18.7
AM-K 4986.30 628.10 578.10 33.90 5.9
GY : Grain yield (kg ha )

UN, UP, UK :

OC-N
KM-N
CA-N
OL-P
AM-K

N (kg ha
ﬁ)

Plant uptake N, P and K nutrients (kg ha’ )
: Organic carbon (%)
: Alkaline permonganate N (kq ha’ )
: Calcium hydroxid )

: Olsen’s-P (kg ha
: Ammonium acetate-K (kg ha’ l
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4.2.1.1.2. GRAIN AND STRAW COMPOSITION :

The data of grain and straw composition are given
Table 16. This table reveals that the N content in grain 1in
T9 treatment (120-60-0) was maximum, i.e., 2.82 %, followed
by T7 (120-30-50) with 2.74 %. P and K contents among
different treatments were not significant. In straw K, T13
treatment (Farmer’s practice) recorded high i.e.,, 1.16 % and
minimum was in T6 treatment. N and P contents in drymatter

ranged from 0.41 to 1.21, and 0.1 to 0.14 respectively.

4.2.1.1.3. SOIL NUTRIENT CONCENTRATION, PLANT UPTAKE AND
YIELD

The distribution of grain and straw yield, soil
test values, plant uptake values, and applied fertilizer
doses of N, P and K nutrients have been computed and are
given 1in Table 18. The grain yield (GY) ranged between 2339
to 3691 with a mean (S.D.) of 2260 (660.7) kg/ha. The plant
uptake of N ranged between 24.1 and 126.9, P between 3.7 and
13.3, and K between 16.6 and 65.1 with a mean (S.D.) of 70.9
(26.2), 8.0 {2.5) and 44.5 (12.3) kg/ha respectively. The
mean plant uptake of N, P and K obtained at different
fertilizer treatments 1in the experiment are given in

Fig.3(a), 4(a) and 5{(a) respectively.
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Table 19. Soil test values of N, P and K nutrients at panicle
initiation stage at Jagtial during kharif 1996

5345354545 555 F 4§ 8 8 & & F-+ 44343 33 3 &S5 20 43400 i-aE bt NN
SN Treatments ocC KM CA OL AM
1 0 0 0 0.06 96.5 77.2 15.3 281.0
2 0 60 50 0.19 97.7 75.5 29.6 316.3
3 60 60 50 0.25 168.9 128.7 14.6 281.0
4 120 60 50 0.14 99.8 79.8 12.0 297.6
5 180 60 50 0.21 96.4 75.8 10.3 276.6
6 120 ¢ 50 0.27 188.7 1560.7 12.6 297.3
7 120 30 50 0,08 80.1 64.1 17.3 291.3
8 120 90 50 0.256 77.3 61.7 36.6 292.3
9 120 60 0 0.11 91.9 74.5 18.3 231.3
10 120 60 25 0.39 88.8 71.1 26.3 229.6
11 120 60 75 0.42 100.9 80.5 16.6 340.0
12 180 90 75 .22 177.0 132.2 23.6 314.3
13 80 60 0 0.14 79.0 63.1 11.0 260.3
14 120 60 30 0.29 87.8 70.2 15.0 283.3
Mean 0.21 109.4 86.1 i8.5 285.2
SEm 0.04 19.7 14.3 1.4 4.6
CD (5%) 0.10 $7.3 41.4 4.1 13.5
cV (%) 28.1 31.2 28.7 13.3 2.8
F-test * K * &k xk L3 3 * Kk

R L e e R — R — i ol el — e

OC : Organic carbon (%)

KM : Alkaline permanganate N {kg/ha}
CA : Calcium hydroxide N (kg/ha)

OL : Olsen’s P (kg/ha)

AM : Ammonium acetate K (kg/ha)
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The soil N (KMnQyJ) varied between 94.1 to 435.9
with a mean (8.D.) of 157.8 (75.2) kg/ha, while organic
carbon content was found to range from 0.06 to 0.73 percent
with a mean (S.D.) of 0.29 percent (0.16). The estimate of
s0il N based on Ca(Oth method was found to range between
75.3 and 348.7 with a mean and 5.0. of 126.3 and 60.2 kg/ha.
The s0il P and K nutrients were also found to have a wide
range of variation and the data of yield, soil, plant and
fertiliser nutrients were subjected to correlation and
regression analysis. The soil test values of N, P and K at

panicle initiation stage are indicated in Table t189.

4.2.1.2. WARANGAL CENTRE
4.2.1.2.1. DRYMATTER PRODUCTION AND GRAIN YIELDS :

In the experiment with variety f‘Erramallelu’ as
test crop, 1t was observed that the treatment T14 (120-60-30)
recorded highest grain yield (3915 kg/ha) and T6 (120-60-50)
recorded highest drymatter production (5340 kg/ha). The data
of mean grain and drymatter of different treatments are given
in Table 17. The replicated data of grain and straw yields
along with other parameters are given in Appendix 7. The
grain yield obtained in different fertilizer treatments 1is

given in Fig.2{(b}.

j28”
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Table 17. Effect of fertilizer treatments on grain yield, drymatter production and co

N,P and K in rice at Warangal during kharif 1996

A A T o T — A T T e e L A i e S A L TR P el e ke s T M Bl W BT Tl e e o e e ke

S.No.Treatment GY
1 0-0-0 2380
2 0~-60-50 2380
3 60-60-50 3564
4 120-60-50 3385
5 180-60-50 2917
6 120-0-50 3445
7 120-30-50 3375
8 120-90-50 3285
9 120-60-0 3644

10 120-80~-25 3763

11 120-6

0-75 3395

12 180-90-75 3315
13 80-60-0 3385
14 120-60-30 3915

A T 1 L T D e S i sy L L o e oy ok e e P i T i A P T T T TR - - - — -

CD (5%)
C.V. (%)
F-test

4090.0
305.0
885.0

12.9
%

. * = = s

v e v e
LN M LW RO D -] W

DD bt O b b b et e b b OO OD
OO M o COWP OO W N L e

. s v s »

. = =

OO0 O0OQOO0DOoOOoODOoOOO
- .
Chnnnvke fu 2 da SNV N O CH A
=W -3 NDmN M

- * a2 & x & =

CO0OQLOOQoOoOOOoOO
OO oO=OODDOoOOoo OO
Lo Ooo=-IMEBw-3Mm~1Nn

- = o+ & %

LI T T N e e

o B e S Y o B I e o Y e e Y e e Y e ) s e
P -1 WM -1 -0 -3 ~3IPD
LT T =TT L T A e L T

A e o S e e N TR T T T T T T T A AR TR T W S e

GY : Grain yield (kg/ha)
SY : Straw yield (kg/ha)
GR-N, GR~P and GR-K : N (X}, P (%), K (%) in grain
ST-N, ST-P and ST-K : N (%), P(%), K{%X) in Straw

* and ¥* : Significant at 5 % and 1 ¥ level of significance respectively

NS : Not s

ignificant



Fig.3(b). Mean Uptake N obtained different fertilizer treatments
at Warangal during Kharif 1996
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4.2.1.2.2. GRAIN AND STRAW COMPOSITION :

From the experiment it was observed that the grain
N was found to be high in T14 treatment (GRD) i.e., 2.33 %,
followed by T6 (120-0-50) with 1.49 %. P and K contents 1in
grain ranged from 0.09 to ©0.13, and 0.18 to 0.23 %
respectively. In the case of straw N, P and K, the ranges
were 0.35 to 0.64, 0.06 to O0.1, and 0.68 to 0.88
respectively. The mean data of these variables are given in

Table t7.

4.2.1.2.3, SOIL NUTRIENT CONCENTRATION, PLANT UPTAKE AND
YIELD

The descriptive statistics of grain yield, soil
test values, plant uptake values, and applied fertilizer
doses of N, P and K nutrients have been calculated and are
given 1in Table 18. The grain yield (GY) ranged between 2210
to 4719 with a mean (S$.D,) of 3297 (525.5) kg/ha. The uptake
N was found to range between 26.3 and 145.8, P between 3.8
and 10.0, and K between 28.3 and 60.3 with a mean (S$.D.) of
63.0 (25.6), 6.5 (1.5) and 39.3 (7.3) kg/ha respectively. The
mean plant uptake of N, P and K obtained at different
fertilizer treatments are given in Fig.3(b), 4(b) and 5(b).

The soil N (KMnO4) was found to be varying between

141.6 to 3561.2 with a mean (3.D.) of 201.7 (40.9) kg/ha,
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Table 20. Soil test values of N, P and K nutrients at panicle
initiation stage at Warangal during kharif 1996

T T — P L e Lk LR R R g g
-4 AR5 E A 4 S 4 S S SRR bR BN

SN Treatments oC KM CA oL AM
1 o ¢ 0 0.19 116.6 93.8 34.9 465.1
2 0 60 50 0.57 100.4 89.8 35.4 473.0
3 60 60 50 0.51 132.6 105.5 21.8 547.6
4 120 60 50 0.52 146.0 116.6 28.4 532.3
5 180 60 50 0.40 142. 4 114.5 33.4 499.9
6 120 O 50 0.51 170.6 136.5 29.0 511.4
7 120 30 50 0.58 111.6 90.7 24.6 542.5
8 120 %0 50 0.35 177.2 139.1 28.0 544.0
9 12¢ 60 0 Q.53 145.5 118.7 25.5 540.8

10 120 860 25 0.54 133.2 108.0 22.1 543,2

11 120 60 1756 0.63 138.1 110.8 24.0 5256.5

12 180 90 75 0.57 178.0 146.9 35.3 521.6

13 80 60 0 0.61 117.3 107.2 20.2 504.2

14 120 60 30 0.21 118.5 94.3 27.7 482.17

Mean 0.48 137.7 112.4 27.9 516.7
SEm 0.07 B.3 7.0 1.0 10.1
CD (5%) 0.20 24.2 20.2 3.0 29.3
CV (%) 24.5 10.56 10.7 6.4 3.4
F-test * % * % * % *% Xk

el B B ek o — - -
- e e RN T R e e R R SRR R RSN R S RS L N ST N TR RE RS E SRR o ooz on==x=

OC : Organic carbon (%)

KM : Alkaline permanganate N {kg/ha)}
CA : Calcium hydroxide N {kg/ha)

OL : Olsen's P (kg/ha)

AM : Ammonium acetate K {kg/ha}
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Organic carbon (%) was found to vary from 0.12 to 1.05 with a
mean (S.D.) of 0.64 (0.23). The estimate of available soil N
based on Ca(OH)2 method ranged from 115,3 to 281.0 with a
mean and S.D. of 161.6 and 32.7 kg/ha. Wide variation in soit
test values was found to exist in the soil P and K nutrients
concentration. The soil test values of N, P and K at

panicle initiation stage are given in Table 20.

4.2.2, ANALYSIS OF VARIANCE OF YIELD AND OTHER VARIABLES
4.2.2.1. JAGTIAL CENTRE

The analysis of variance (ANOVA)} of data of grain
yield, plant and soil nutrients have been carried out to
examine the significances of fertilizer application through
different 1levels of basal doses. The statistical scrutiny
indicated that the variation due to the application of
fertilizers through the 14 fertilizer treatments experimented
were founé to be significantly different. An attempt has been
made to identify the fertilizer treatments which are on par
with each other based on the Duncan’s Muitiple Range Test
{DMRT) at 5% level of significance. The means, standard
errors, critical difference of treatments, coefficient of
variation along with F-test of differences between treatments
for their effects on yield, plant uptake, soil test values at

post-harvest stage are given in Table 21.
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4.2.2.3. WARANGAL CENTRE

Similar to the Jagtial data, an analysis of
variance (ANOVA) of data of grain yield, plant and soil
nutrients have been carried out to examine the significances
of fertilizer application through different levels of basal
doses. The statistical scrutiny of different variables has
indicated that the variation due to the application of
fertilizers through the 14 fertilizer treatments experimented
were found to be significantly different. A comparison of
fertilizer treatments has been made to identify the
fertilizer treatments which are on par with each other based
on the Duncan’'s Multiple Range Test (DMRT) at 5% level of
sighificance. The means, standard errors, critical difference
of treatments, coefficient of variation along with F-test of
differences between treatments for their effects on yield,
plant uptake, soil test values at post-harvest stage are

given in Table 22.

4.2.3. CORRELATION ANALYSIS
4.2.3.1. JAGTIAL CENTRE :

Estimates of correlation have been worked out
between soil, plant, applied fertilizer nutrients and grain
and straw yield from the experimental data. It was found that

significant correlations were existing between grain yield



i3é

SJUBUIBL) 132113494
vriLell2ciiiloll 64 8L L1 91 S1 vl ¢

E_

-

v
L=

N
o

0
o
(o) uoqiuo sjuebip

<
o

ol
o

(Hd) oo g (d) 00

9°0

o}is jenber 1o
sebuis (Hd) 1seasvy-1sod pue (jd) uonenul ejojued 1@ UoGIRd djuebio Jo s8N |BA 180} ||0S (e)9° 614



137

sjueunees) 10zjIniey
bLLELLCILLILIO0LL 61 81 L1 91 S1 1 €1 21 11

N _.__o »
N 1 35
=

0oL o

)

.

3

2

....................... °°N
:

]
............................................................... o0t Z
.

b

O K| &

0ob

sue jenber 1 (Hd) sebws 1senivy-ysod
pue (1d) uoniwmu edued 18 N Jo son|ea }se) jjos “(v)2 B4



138

sjusunees) J0z||Rie4

bLL€ILlZIA L1011 6L 81 AL 9L SI ¥l €1 21 LU

4
w

Hd[/] W]

o o o
o w» o
o ™~ -
(ew/By) N epxoiphy wnpjel

4
N
N

00¢

elis jepbep 18 (4d) seburs 1seasey-isod

pue (14) uonun a1dued 18 M 10 senNIeA 1861 no< *(v)ia°bid



139

sjual}eal} 43211494
bPLLCL1CLLILL1O0LL 61 81 21 91 SL +1 €1 21 11

N —

!

|
|
|
{

o
F

=
N

o o
<t ™
(ey/6y) d suas|o

=
wn

_:n_I ]

09

ayis jenbep je (Hd) sebrys 1soAley-1sod
pue (1d) uoneniut apdiued e d Jo sanjea 1s9) J10s *(e)e"big



140

- sjusuneen) 19z§jj1ie4
bLl€Ll2Ii 1110l 61 81 ZL 91 S1 1 €1 21 11

© o
o S
2 ~N
(ey/By) H e)wiese WnjuoWWY

Hd[ Id

g

oiis jepiber 1u (Hd) sebwys Jseasvy-jsod
pue (id) uonew epdiued 1v ) Jo senjuA ise) [jog “(v)oL Biy



and fertilizer N (0.609 xx) and P (0.455 *%*), plant uptake of
N (0.835 *x), P (0.704 *x) and K (0.772 xx), and straw yield
(0.667 xx). Significant correlations were aliso found to
exist between uptake of N and fertilizer N (0,722 xx), uptake
of P and fertilizer P (0.364 x), uptake of K and fertilizer K
(0.35 %), and fertilizer N and KMnQ4- N (-0.421 =x). No
significant relations between grain yield and soil test
values were Tound to exist at Jagtial centre except KMnQ4 N
(0.549 xx}, The estimates of correlation between different
variables alongwith significances are given in Table 23.

The mean organic carbon (%) as observed at panicile
initiation and post-harvest stages in each treatment are
given in Fig.6(a). Similarly, the amounts of so0il N based on
KMNnO4 and Ca(OH)g methods as observed at panicle initiation
and post-harvest stages are given in Fig.7(a) and 8(a). The
mean soil test values of P and K as observed under different
treatments at panicle initiation and post-harvest stages are

given in Fig.9(a) and 10(a).

4.2.3.2. WARANGAL CENTRE :

Estimates of correlation have also been worked out
between the different soil, pltant, applied fertilizer
nutrients and grain and straw yields from the experimental

data of Warangal centre. It was found that significant

{41
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Table 23, Estimates of correlation between yiasld, plant uptake,
soil and fertiliger nutrients at Jagtial and Warangal

Variables ‘ Jagtial Warangal
GY , Organic carbon (%) 0.2186 0.326 *
GY , Soil N (KMno,) 0.549 ** 0.492 *x
GY , Soil N (Ca(ofi),) 0.249 0.268
GY , Soil P (Olsen) - 0,074 - 0.1869
GY , Soil K (Amm.Acetate) - 0.200 0.488 *»
GY , Fertilizer N 0.609 *=x 0.473 *»
GY , Fertilizer P 0.455 *x 0.235
GY , Fertilizer K 0.173 0.014
GY , Uptake N 0.835 *x 0.603 *x%
GY , Uptake P 0.704 *x 0.663 ¢x
GY , Uptake K 0.772 *x 0.415 *x
GY , Panicle length 0.180 0.171
GY , Plant height 0.238 0.730 *=
GY , Straw yield 0.667 &% 0.424 *%
UN , Organic carbon (%) 0.294 0.215
UN , Soil N (KMnQ,) 0.359 * 0.308
UN , Fertilizer N 0.722 *x% 0.314 =
UP , Scil P (Olsen) 0.219 g.268
Up , FP 0.364 * 0.294
UK , Soil K {(Anm.Acetate) 0.1563 0.320 *
UK , Fertilizer K 0.360 = 0.169
FN , Organic carbon (%) -0.311 -0.324 *
FN , Soil N {(KMnO,) -0.421 * ~0.394 *
FN_, Soil N (Ca(oh),) -0.256 -0.235
FP , Soil P (Qlsen) . -0,291 -0.317
FK , Soil K (Amm.Acetate) -0.192 -0.225

GY is grain yield (kg hal)
UN is uptake nitrogen (kg haq)i
UP is uptake phosphorus (kg hﬁ-)
UK is uptake potassium (kg ha ')

: significant at 5 X level of significance
*% : gignificant at 1 X level of significance
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Fig.7(b). Soil test values of N at panicle initiation
and post-harvest stages at Warangal site
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correlations were existing between grain yield and fertilizer
N (0.473 xx}, plant uptake of N (0.603 xx), P (0.663 **) and
K (0.415 *x), soil K (0.488 %), straw yield (0.424 *xx%x) and
plant height (0.73 x%x)., Significant correlations were also
found to exist between uptake of N and fertilizer N (0,314
x), uptake of K and soil K (0.32 x), fertilizer N and organic
carbon (-0.324 x), fertiltizer N and KMnO4 N (-0.394 x), The
estimates of correlation between different variables
alongwith their significances are given in Table 23.

The mean organic carbon (%) as observed at panicle
initiation and post-harvest stages in each treatment are
given in Fig.6(b). Similarly, the amounts of s0il N based on
KMnOﬁ and Ca(OH}i methods as observed at panicle initiation
and post-harvest stages are given 1n Fig.7(b) and 8(b). The
mean so0il test values of P and K as observed under different

treatments at panicle initiation and post-harvest stages are

given in Fig.9(b) and 10{(b).

4.2.4, RESPONSE OF RICE TO APPLICATION OF FERTILIZER
NUTRIENTS
Significant responses to application of N, P and K
fertilizers were observed at both Jagtial and warangatl
locations. At Jagtial, Nitrogen was found to give response

upto 180 kg/ha. The response ratios (kg grain/kgfertilizer)

1wy
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Table 25. Rice response to application of fertilizers at Jagtial
and Warangal in kharif 1996
Warangal Jagtial
Nutri- Dose g Responﬁe Response | Responge Response
ent (kg ha™') (kg ha™') Ratio (kg ha ') Ratio
(kg /kg) (kg/kg)
N 40 248.9 6.2 -188.4 ~4.7
60 178.2 3.0 466.2 7.8
120 179.2 1.5 1204.9 10.0
PO 30 -53.1 -1.8 543.5 18.1
60 -74.8 -1.2 634.4 10.6
90 -169.3 -1.8 632.8 6.9
K,0 5 151.3 30.3 -675.7 -135.1
20 -529.7 -26.5 1264.4 63.2
25 -82.9 ~3.3 ~165.3 ~6.6
30 270.8 9.0 -734.2 ~-24.5
45 -519.7 -11.5 238B.2 5.3
50 -313.6 ~-6.3 46.3 0.9
75 -248.9 -3.3 -496.0 -6.6
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were found to be 7.8 at 60 kg/ha and 10.0 at 120 kg/ha of N
application. Fertilizer P was found to give response upto 90
kg/ha, with a decrease in the response ratio when compared to
the responses at 30 and 60 kg/ha of P application. Althouah
response to K was prevailing in some treatments, by and large
it was negative. The actual responses and the response ratios
of N, P and K nutrients are given in Tables 24 and 25.

At Warangal, response to N was observed upto 60
kg/ha only. The response ratioc was of the order 6.2 at 40 kg
and and 3.0 at 60 kg and 1.5 at 120 kg N/ha. The response to
P was found be negative at all Jlevelis of application,
However, response to K application upto 30 kg/ha was evident
and was negative thereafter. The resuits of fertilizer
responses and response ratios of N, P and K at Warangal
location are given in Table 26. The mean rice response to
application of N, P and K are given in Fig.22(a), 22(b) and

22{c) respectively.

4.2.5. MULTIPLE REGRESSION ANALYSIS
4.2.5.1, JAGTIAL CENTRE

The multiple regression equation of grain yield of
rice through fertilizer N, P and K nutients and their square

terms has been computed and is given below

15€
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*xk
Y = 1120 + 9.29 FN - 0.03 FN* + 4,67 FP - 0.04 FP?

x *X
+ 11.63 FK - 0.30 FK?

(R = 0.91 x%xx% g = 236.9 C.vV., (%) = 10.5)

The multiple regression equation of grain yield
through 9 variables viz., all the 6 fertilizer terms and
three terms of the soil N, P and K nutrients based on Organic
carbon (%), Olsen and Ammonium acetate methods respectively
was computed for making yield prediction and is given below

Ak *
Y = 3115 + 75.58 SN + 1.43 SP - 11.82 SK + 6.89 FN - 0.03 FN?

* x
+ 10.71 FP - 0.07 FP* + 8.29 FK - 0.19 FK?
{R® = 0.92 xx o = 234.7 C.V. (%) = 10.4)

{ 0.C. (%), Olsen-P, Amm.ace-K)

Similariy, the multiple regression equation for
predicting yield through all the above 9 variables with KMnO4
combination for soil N can be given as

XXk * *

Y = 3102 + 0.19 SN + 1.26 SP - 11.77 SK + 6.28 FN - 0.03 FN?
*

+ 9.64 FP - 0.06 FP? + 7.34 FK - 0.21 FK?

( R? = 0.92 xx o 235.7 C.v. (%) = 10.4)

(KMNn4-N, Olsen-P, Amm.ace-K)



Simitarly, the multiple regression equation with all the
9 variables with Ca(OH)2 method for soil N can be given as

*% * *
Y = 2841 + 1.0t SN + 4,45 SP - 11.29 8K + 6.65 FN - 0.03 FN?

+ 10.88 FP ~ 0.07 FP®2 + 7.32 FK - 0.;1 FK2
( RZ = 0.91 *x o = 235.8 C.v. (%) = 10.4)
{(Ca(OH)2-N, Olsen-P , Amm.Ace-K)

The multiple regression equation for predicting
yield through 12 variables comprising of 6 fertiliser terms,
three soil terms and three so0il and fertilizer interaction
variable terms has been computed for calibrating both yield

prediction and fertiliser optimisation. The regression

equation is as follows

* X * X * kK
Y = -3700 + 0.5344 SN + 12.99 SP + 23.69 SK + 25.45 FN -0.01
XK * K
+ 1.40 FP - 0.01 FP® + 62.62 FK ~ 0,47 FK2
* K Kk

- 60.80 FN SN - 0.01 FP SP - 0.61 FK SK
(R* = 0.93 xx G = 203.9 C.V. (%) = 9.0}
(0.C. (%)-N, Olsen-P, Amm.Ace-K)
Similariy, the muitiple regression equations with
12 variables based on the combinations of KMNO4~N and

Ca{OH)2-N methods of soil N are as follows

157
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X ¥
Y = 343 - 0.63 SN + 23.67 SP + 2.50 SK + 5.17 FN - 0.02 FN?
* ¥k * K
+ 25.42 FP - 0.17 FP?2 + 68.76 FK - 1.25 FK?

*
+ 0.02 FN SN - 0.28 FP SP - 0.48 FK SK

{ R® = 0.93 *x o = 226.6 C.V. (%) = 10.0)
(KMNO4-N, Olsen-P and Amm.Ace-K)}
Y = 8§30 - 1.72 SN + 20.32 8P + 2.64 SK + 4.81 FN - 0.02 FN®
+ 26.:8 FP - 0.17 FP% + 69.37 FK - 1,35 FK2
4+ 0.03 FN 8N - 0.23 FP SP - 0.:9 FK SK
( RZ = 0,89 *x o = 266.2 cC.V. (%) = 11.8)
{Ca(OH)2-N, QOisen-P, Amm.Ace-K)

The grain yield has been regressed with plant
uptake of N, P and K nutrients. It was found that high and
significant yield predictions (R*® of 0.80) can be made
through plant uptake of nutrients, The regression
coefficients of N and K were found to be significant for
making yield prediction. The regression model of grain yield

through uptake variables is given below

* % *x
¥ = 383 + 14.44 UN + 12.33 UP + 16.91 UK

(R? = 0.80 %xx g = 306.9 , C.V. (%) = 13.6)
The relation between yield and plant uptake was
found to be linear with a high and significant correlation of
variables. The relation between yield and uptake of N , P and

K nutrients is given in Fig. 11(a), 12(a) and 13(a).
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4.2.5.1.1, FERTILIZER ADJUSTMENT EQUATIONS BASED ON
REGRESSIONS

Since the fertiliser response type was found to be
(+ - =) for all the three nutrients based on the multiple
regression analysis and the equations as described above, and
the regression equations are providing a high value of R?
(above 0.67), the fertilizer adjustment equations have been
derived under each regression equation by partially
differentiating grain yield ‘Y’ with respect to FN, FP and FK
variables, and are provided in Table 27. The fertilizer
adjustment equations for both the maximum yield, maximum
profit and for desired rate of return, alongwith the ranges
of so0il test values for which they are applicable are given

in the Table 28.

4.2.5.1.2. READY RECKONERS OF FERTILIZER DOSES FOR VARYING
SOIL TEST VALUES

Using the fertilizer adjustment eqguations as

described 1in Table 27, optimum fertilizer doses for varying

soil test values have been computed within the range of soil

test values as observed for the Jagtial location. The ready

reckoners of fertilizer N, P and K doses for varing soil test

values of all the three nutrients for both maximum yield,

1é4
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Table 29(a). Ready reckoner of fertilizer doses based on s0il test values for
maximum yield, maximum profit and a desired rate of return

A. Jagtial : Rice {Using Equation 5 of fertilizer adjustment equations)

- A ———— - — —

Soil test values Maximum yield Maximus profit DRR
OC~-N OL-P AM-K N P K N P K N P K
0.05 5§ 100 280 68 2 260 59 1 241 50 1
0.15 10 110 204 65 0 184 56 0 165 48 0
0.25 15 120 128 63 108 54 89 45
0.35 20 130 52 60 32 51 13 43
0.45 25 140 0 58 0 49 0 40
0.55 30 150 55 46 as
0.65 35 160 53 44 35
0.75 40 170 50 41 33
0.85 45 180 48 39 30
0.85 50 190 45 36 28
0.95 55 200 43 34 25
1.05 60 210 40 31 23
Maximum yield (kg/ha) OC-N : Organic carbon (%}
Maximum profit {(Rs/ha) OL-P : Olsen’s P (kg/ha)

DRR : Desired rate of return (DRR = 1:2) AM-K : Ammonium acetate K (kg/ha)
Fertliger adjustment equations :
318 - 760 SN - 12.50 R

70 - 0.50 SP - 5.00 R
67 - 0.65 SP - 0.65 R

FN
FP205
FK20
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Table 29(b)}. Ready reckoner of fertiliger doses based on soil test values for
maximum yield, maxisus profit and a desired rate of return

A. Jagtial : Rice {(Using Equation 6 of fertilizer adjustment equations)

o T Tt T T T ok P Sy A0 ok M AL T T T T A o o O

e . . e e Tt e - e - i

Soil test values Maximum yield Maximum profit DRR
KM-N OL-P AM-K N P K N P K N P K
90 5 100 84 71 9 80 66 9 7 61 8
120 10 110 69 67 7 65 62 7 61 57 7
150 15 120 54 63 5 50 58 5 46 83 5
180 20 130 39 59 3 35 54 k| 31 49 23
210 25 140 24 55 1 20 49 1 16 44 1
240 30 150 9 50 0 5 45 0 1 40 O
270 385 160 0 46 0 41 0 36
300 40 170 42 37 32
330 45 180 K1 33 28
360 50 190 34 29 24
390 55 200 30 25 20
420 60 210 26 21 18
Maximum yield (kg/ha) KM-N : Alkaline permanaganate N {(kg/ha)
Maximum profit (Rs/ha) OL-P : Olsen'’s P (kg/ha)

DRR : Desired rate of return (DRR = 1:2} AM-K : Ammonium acetate K (kg/ha)
Fertlizer adjustment equations :
129 - 0.50 SN - 2.50 R

76 - 0,82 SP - 2,94 R
28 = 0119 SP - 0040 R

FN
FP205
FK20



Table 29{c). Ready reckoner of fertilizer doses based on soil test values for
maxisum yield, maximum profit and a desired rate of return

A : Jagtial : Rice (Using Equation 7 of fertilizer adjustment equations)

e e e A e Ay e - A T -

Optimum fertilizer doses (kg/ha) for attaining

Soil test values Maximum yield Maximum profit DRR
CA-N OL-P AM-K N P K N P K N P K

100 5 400 45 74 0 41 69 0 37 64 0

115 10 430 34 70 28 22 18 19

130 15 460 23 65 12 16 3 14

145 20 490 11 61 0 11 0 8

160 25 520 0 57 5 3

176 30 550 53 0 0

190 35 580 48

205 40 610 . 44

220 45 640 40

235 50 870 36

250 585 700 31
Maximum yield {kg/ha) CA-N : Calicium hydroxide N (kg/ha)
Maximum profit (Rs/ha) OL-P : Olsen’s P (kg/ha)

DRR : Desired rate of return (DRR = 1:2) AM-K : Ammonium acetate K (kg/ha)
Fertlizer adjustment equations :
120 - 0.95 8N -~ 2.50 R

78 - 0.85 8P - 2.91 R
26 - 0.18 8P - 0.37 R

FN
FP205
FK20

16¥



maximum profit and a desired rate of return are given 1in

Table 29 (a), 29(b) and 29%(c).

4.2.5.2. WARANGAL CENTRE

The multiple regression equation of grain yield of
rice through fertilizer N, P and K nutients and their
guadratic terms has been computed and is given below

*x * % *x xxk
Y = 2415 + 22,39 FN - 0.11 FN* + 14.23 FP - 0.20 FP?

+ 5.58 FK - 0.09 FK?
(RZ = D.87 *xx g = 186.3 C.V. (%) = 5.7)

The multiple regression equation of grain yield
through 9 variables viz., all the 6 fertilizer terms and
three terms of the so0il N, P and K nutrients based on Organic
carbon (%), Olsen and Ammonium acetate methods respectively
was computed for making yield prediction and is given below

XX
Y = 3636 - 1156.51 SN + 6.22 SP - 1.29 SK + 24.09 FN -
* ok % %
- 0.12 FN2 + 12.64 FP - 0.20 FP? + 0.62 FK - 0.02 FK*
(RZ = 0.92 *x c = 162.1 C.V. (%) = 4.9)

( 0.C. (%), Olsen-P, Amm.ace-K)

Similarly, the multiple regression equation for
predicting yield through all the above 9 variables with KMNQO4

combination for soil N can be given as

/168



A *k *
Y = 1628 - 5.58 SN + 4,37 SP + 2.61 5K + 18.68 FN - 0.07 FN?

* ¥
+ 1.59 FP - 0.1t1 FP® + 13.59 FK - 0.02 FK?
(RZ = 0.91 *x o= 174.9 C.V. (%) = 5.3)

{KMnQ4-N, Olsen-P, Amm.ace-K)

Similarly, the multiple regression equation with
all the 9 variables with Ca(0OH)2 method for scilt N can be

given as

3k x* %k x*x
Y = 2385 -7.78 SN + 0.99 SP + 1.82 SK + 19,49 FN - 0.08 FN?

+ 5.16 FP - 0.16 FP® + 9.;1 FK - 0.0; FK?
(R* = 0.87 =xx o = 210.1 C.V. (%) = 6.4)
{Ca(OH)2-N, Olsen-P , Amm.Ace—-K)

The multiple regression equation for predicting
yield through 12 variables comprising of 6 fertiliser terms,
three soil terms and three soil and fertilizer interaction
variable terms has been computed for calibrating both yield

prediction and fertiliser optimisation. The regression

equation is as follows

* x ¥ xxK
Y = —-4008 - 906.25 SN - 11.95 SP + 14.73 SK + 9.87 FN
* X *k * K xxk
- 0.04 FN® + 29.06 FP — 0.21 FP? + 114.38 FK - 2,21 FK®
*x * ¥

- 3.29 FN SN - 0.42 FP SP - 0.23 FK SK
(R® = 0.96 xx o = 107.6 C.v. (%) = 3.3)

(O0.C. (%)-N, Olsen-P, Amm.Ace-K)

167



0

(ey/6)) N ayerdn

0¢ct OLL 001 06 08 0L 09 0s o oOf

(#4960 = ,4) NN .8EZL + 8162 = AD

a)is jeburvaepy e

- 000¢
006¢
000t

-100S¢€

(ey/6x) p1oJA ujesn

000¢

Joosk

N oxeldn pue pjeih uiesb usamjoq diysuonejey *(q) L1 614



t#

(ey/BY) d axwidn
41 6 9 £

(esb20 = ZH) AN 24€°9ZT + $28L = AD _

00s¢

(ey/B) pivlA ujetn

........................................................... 000%

_ L 00StH

o)is jeBuriepp e
d ejeidn pue pjeiA uieib ueemyaq diysuonejoy (q)z L b4



1+2-

(ey/Bx) )y exerdn

09 SS 0S St ob 5¢ 0t 14 0c
et n e e i e et e e e e °°°N

(e 26°0 = ,H) DIN ., 6962 + OELZ = AD

{ey/bx) preld ueid

aus |eburiep 1o
N ajeidn pue pjaih uies ueamjeq diysuoijejey (Q)eL-Bi14



Simitarly, the multiple regression equations with
12 variables based on the combinations of KMnO4-N and

Ca(OH)2-N methods of soil N are as follows

* K X *¥x
Y = 8t - 24,46 SN + 38.77 SP + 6.28 SK + 9.33 FN - 0.07 FN?
* % xk
+ 26.27 FP - 0.35 FP? + 102.29 FK - 1.29 FK?
L 3 3 * % x%

- 0.14 FN SN - 0.78 FP 8P ~ 0.16 FK SK
(R = 0.91 *x c = 168.15 C.v. (%) = 5.1)

(KMNO4-N, Olsen-P and Amm.Ace-K)

*K 23
Y = 103 - 30.21 SN + 37.77 SP + 6.30 SK + 9.63 FN - 0.08 FN?
x XK *
+ 24.65 FP - 0.35 FP® + 102.01 FK - 2.01 FKZ
* *x *

- 0.17 FN SN - 0.76 FP SP - 0.16 FK SK
(RZ = 0.85 xx g = 221.86 C.V. (%) = 6.7)
(Ca(OH)2~N, Olsen-P, Amm.Ace-K)

The grain yield has been regressed with data on
plant wuptake N, P and K. It was found that high and
sighificant yield predictions (R?® of 0.86}) can be made
through plant uptake of nutrients. The regression
coefficients of N and P were found to be significant for
making yield prediction. The regression model of grain yield
through uptake variables is given below

X * K
Y = 1239 + 5.57 UN + 179.84 UP + 7.92 UK

(R? = 0.86 *xx | o = 205.2 , C.¥V. (%) = 6.2)



Table 30. Fertilizer adjustment equations of rice at Warangal
(derived based on multiple regressions)

Regression Fertilizer adjustment equation Range of Average Fertilizer
eguation soil test s0il test ao&m (kg }
<mm:mm {kg <mmco (kg ha ')
ha '} ha ')
Only fertilizer FN = 102 - 4.54 R Not Not 95
terms FP205 = 36 - 2.50 R applicable appiicable 31
FK20 = 31 - b5.56 R 27
Fertilizer and FN = 100 - 4.17 R 0.12 - 1.0% 0.64 93
soil terms (OC) FP205 = 32 - 2.50 R 44 - 87 70 27
FK20 = 16 - 25.00 R 496 - 628 578 0
Fertilizer and FN = 133 - 7.14 R 142 - 351 202 i22
soil terms (KM) FP205 = 80 - 50.00 R 44 - 87 70 0
FK20 = 340 - 25.0 R 496 - 628 578 324
Fertilizer and FN = 122 -~ 6.25 R 115 - 281 162 112
soil terms (CA)} FP205 = 16 - 3.13 R 44 - 87 70 10
FK20 = 52 - 5.56 R 496 - 628 578 48
Fertilizer, soil | FN = 123 - 41,1 SN - 12.00 R | 0.12 - 1.05 0.64 77
and interaction FP205 = 69 - 1.00 SP - 2.38 R 44 - 87 70 0
terms (0OC) FK20 = 26 - 0.05 SK - 0.23 R 496 - 628 578 0
Fertilizer, soil | FN = 66 - 1.00 SN - T7.14 R 142 - 351 202 0
and interaction FP205 = 38 - 1.11 SP - 1.43 R 44 - 87 70 0
terms (KM) FK20 = 40 - 0.06 SK ~« 0.39 R 496 - 628 578 5
Fertilizer, soil | FN = 60 - 1.06 SN - 8.25 R 115 - 281 162 0
and interaction FP205 = 35 - 1.09 SP - 1.43 R 44 - 87 70 0
terms {CA) FK20 = 25 - 0.04 SK - 0.25 R 496 - 628 578 2
R is ratio of 1 kg fertilizer and 1 kg of value of crop
ocC Organic carbon (%)

KM
CA

TERE TR ]

bp#mwwboﬁmnaozmmsmﬂolz Awm rm;u
Calcium hydroxide-N (kg ha’)



Table 31{a). Ready reckoner of fertilizer doses based on soil test values for
paximum yield, maximum profit and a desired rate of return

A : Warangal : Rice {Using Equation 5 of fertilizer adjustment equations)

e e o A - Tk S

Soil test values Maximum yield Maximum profit DRR
OC-N OL-P AM-K N P K N P K N P K
0.1 5 400 119 64 ] 100 60 6 Bl 58 6
0.2 10 430 115 59 5 96 55 4 71 51 4
0.3 15 460 in 54 3 92 50 3 73 46 3
0.4 20 490 107 49 2 88 45 1 69 41 1
0.5 25 520 102 44 0 84 40 0 65 36 0
0.6 30 550 98 39 79 35 61 J1

0.7 a5 580 94 34 75 30 57 26

0.8 40 610 90 29 71 25 52 21

0.9 45 640 86 24 67 20 48 18

1.0 50 670 82 19 63 15 44 11

1.1 55 1700 78 14 59 10 40 6
Maximum yield (kg/ha) OC-N : Organic carbon (%)
Maximum profit (Rs/ha) OL-P : Olsen's P (kg/ha)

DRR : Desired rate of return (DRR = 1:2) AM-K : Ammonium acetate K (kg/ha)

Fertilizer adjustment equations :

FN = 123 - 41.10 S¥ - 12.00 R
FP205 = 69 - 1.00 SP -~ 2.38 R
FK20 = 26 - 0.05 8K - 0.23 R



(#€

Table 31(b). Ready reckoner of fertilizer doses based on soil test values for
maximum yield, maximum profit and a desired rate of return

A : Warangal : Rice (Using Equation 6 of fertilizer adjustment equations)

e i s A A A T el Yl o ol AL S A

= vk 0 S k. = o e T ——

Soil test values Maximum yield Maximum profit DRR

KM-N OL-P AM-K N 4 K N P K N P K
100 5 400 66 32 16 55 30 16 44 28 15
130 10 430 36 27 14 25 24 14 14 22 14
160 15 460 6 21 12 0 19 12 0 16 12
190 20 490 0 16 1 13 10 11 1o
220 25 520 10 8 9 5 8
250 30 550 5 7 2 7 0 6
280 35 580 0 5 0 5 5
310 40 610 3 3 3
340 45 640 2 1 1
370 50 670 0 0 0
400 55 700

Maximum yield (kg/ha) KM-N : Alkaline permanaganate N (kg/ha)

Maximum profit (Rs/ha) OL-P : Olsen’s P (kg/ha)

DRR : Desired rate of return (DRR = 1:2) AM-K : Ammonium acetate K (kg/ha)

Fertilizer adjustment equations :

FN = 166 - 1.00 SN - 7.14 R
FP205 = 38 - 1.11 SP - 1.43 R
FK20 = 40 - 0.06 SK - 0.39 R



(TF

Table 31(c}. Ready reckoner of fertilizer doses based on s0il test values for
maximus yield, maximum profit and a depired rate of return

A : Warangal : Rice {(Using Equation 7 of fertilizer adjustment equationsg)

T i e T —" TS . T — -

——— - ———

————— T A ol o T e AR

So0il test values Maximum yield Maximum profit DRR

CA-N OL-P AM-K N P K N P K N P K
100 5 400 54 30 9 44 27 9 34 25 9
120 10 430 33 24 8 23 22 8 13 19 7
140 15 460 12 19 7 2 16 ] 0 14 6
160 20 490 0 13 5 ] 11 5 8 ]
180 25 520 8 4 5 4 3 4
200 30 550 2 3 0 3 0 3
220 35 580 0 2 2 1
240 40 610 1 0 0
260 45 640 0

ke i e T ke il e e s s T e e e e e T T

Maximum yield (kg/ha) CA-N : Calicium hydroxide N {(kg/ha)
Maximum profit (Rs/ha} OL-P : QOlsen's P (kg/ha)
DRE : Desired rate of return (DRR = 1:2) AM-K : Ammonium acetate K (kg/ha)

Fertilizer adjustmeent equations :

FN = 160 - 1.06 SN - 6,25 R
FP205 = 35 - 1.09SP - 1.43 R
FK20 = 25 - 0.04 8K - 0.25 R



The relation between yield and plant uptake was
found to be linear with a high and significant correlation of
variables, The relation between yield and uptake of N , P and
K nutrients 1is given in Fig.tt(b), 12(b) and 13(b)

respectively.

4.2.5.2.1. FERTILIZER ADJUSTMENT EQUATIONS BASED ON
REGRESSIONS

The fertiliser response type was found to be
(+ - =-) for all the three nutrients based on the multiple
regression analysis and the equations as described above for
the Warangal site. Further, the regression equations were
found to have a high value of R? (above 0.67), the fertilizer
adjustment equations have been derived under each regression
equation by partially differentiating grain yield ‘¥’ with
respect to FN, FP and FK variables as shown in Table 30. The
fertilizer adjustment equations for both the maximum vyield,
maximum profit and for desired rate of return, along with the
ranges of soil test values for which they are applicable for
soils of Warangal are given in the Table 31(a), 31(b) and

31{c).
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4.2.5.2.2. READY RECKONERS OF FERTILIZER DOSES FOR VARYING
SOIL TEST VALUES

Using the fertilizer adjustment equations as
described 1in Tables 27 and 30, optimum fertilizer doses for
varying soil test values have been computed with in the range
of s0il test values as observed for the Jagtial location. The
ready reckoners of fertilizer N, P and K doses for varing
s0i1 test values of all the three nutrients for both maximum
yield, maximum profit and a desired rate of return indicate
that the doses are meaningful for attaining different 1levels

of yield.

4.2.6. BASIC DATA AND TARGETTED YIELD EQUATIONS

The basic data viz., nutrient requirement (NR),
contribution from soil (CS) and fertiliser (CF) have been
derived for both Jagtial and Warangal centres using the

procedures as described under Materials and Methods chapter.

4.2.6.1. JAGTIAL CENTRE

The basic data viz., estimates of NR, CS and CF
have been derived under both Conventional and Simultaneous
estimation procedures and are given in the Table 32. The
estimates have been derived from the data obtained from 42
plots (whole field) under the Conventional procedure, and 14

plots {(means of 3 replications) under the Simultaneous

{80
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estimation procedure. The basic data indicates that NR of N

is around 3.0, while P O and K O are around 0.75 and 2.0
25 2

respectively. While the fertilizer efficiencies of all the
three nutrients were more wunder Simultaneous estimation
procedure, the estimates of s0il efficiency were high under
the Conventional procedure. The targetted yield equations
have been derived with the basic data under both procedures,
and the response ratios have been derived under each set of
eguations.

The results were found to agree with the published
information for the soils of Jagtial region. The response
ratios were found to be higher under the Simultaneous
estimation procedure (6.7 to 8.4) when compared to those
derived under the Conventiocnal procedure (5.8 to 7.9).
4,2,6.2. WARANGAL CENTRE

The estimates of NR, CS and CF have been derived
under both Conventional and Simultaneous estimation
procedures and are given in the Table 33. The estimates have
been derived from the whole field data (with 42 plots) under
conventional procedure, and only 14 plots (means of 3
replications) under Simultaneous estimation procedure. The

basic data indicates that NR of N is around 1.8, while P O
25

and K O are around 0.22 and 1.2 respectively. While the soil
2

and fertilizer efficiencies of N and K were high under
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Table 34. Ready reckoner for making fertiliser recommendation for different
yield targets of rice based on 80il test values Jagtial msoils

WHOLE FI1ELD (Conventional)

T — . T Ay ok o Ak o i i T A B oy it il . s Ay O ke -

T=30 (g/ha) T=35 (qg/ha)
80il test values (kg/ha) Fertilizer doses (kg/ha)
KMnO4-N OLSEN-P AMAC-K FN FpP FK FR rp FK
90 10 100 216 112 91 261 1356 110
140 15 120 184 101 86 230 123 1056
130 20 140 153 89 82 198 112 100
240 25 160 121 78 77 167 100 96
290 30 180 90 66 72 135 89 91
340 15 200 58 654 68 104 T7 a7
390 40 220 27 43 63 72 85 82
440 45 240 0 KN | 58 4] 54 7
YIELD MAXIMUM (Conventional)
90 10 100 137 84 76 1686 101 92
140 15 120 113 74 71 143 91 88
190 20 140 90 64 67 120 82 B3
240 25 160 67 54 62 97 72 78
290 30 180 44 44 57 74 62 T4
340 35 200 21 35 53 51 52 69
390 40 220 0 25 48 28 42 65
440 45 240 15 43 5 32 80
WHOLE FIELD (Simultaneous)
90 10 100 147 48 99 181 60 129
140 15 120 118 37 B3 152 49 113
190 20 140 89 26 67 123 38 97
240 25 160 60 16 51 94 27 a1
290 30 180 N 5 36 65 16 65
340 a5 200 2 0 20 36 6 50
390 40 220 0 4 7 0 M4
440 45 240 0 0 18
YIELD MAXIMUM (Simultaneous)
90 10 100 134 48 94 166 59 122
140 15 120 105 37 78 137 49 106
190 20 140 76 26 62 108 33 21
240 25 160 47 15 46 79 27 76
290 30 180 18 4 30 50 16 59
340 as5 200 0 0 15 21 5 43
390 40 220 0 0 0 27

4140 45 240 13




Table 35. Ready reckoner for making fertilizer recommendation for different

yield targets of rice based on soil test values for Warangal eoils

WHOLE FIELD (Conventional procedure)

i A — ok T U T i) o ok e S o ok i o s
ke e e e i e o ek i T S T g e Uy ek S S e A T S .

——————— ke i e e L ok e A e S T i A T R A T T e ey S Sy A S g . ik

el . . g ek gt . T o 7T . T ] — - . " v - -

A i A ke e il My o i S . e M e e Sy . e e T

260
300
340
380

- —— - — Tt AT o i e e e ol g o e o e PO Py okt o oy e 2k

o i e Y Tt e ok i oy e e b e A S T ———

T T e TS = i ke ek Ak e e . e P ] A e S o ek Al Al g e oy e e T i it . o ok ke S

T=35 (q/ha)

Fertilizer doses (kg/ha)
FP FE FN FP FK
118 178 336 154 263
109 158 285 145 343
100 138 234 136 223
91 118 183 127 203
az 98 132 118 183
73 78 80 110 163
64 58 29 101 143
56 38 0 92 123
122 132 262 160 203
112 113 215 150 184
101 94 168 139 165
91 75 121 129 146
81 56 73 119 127
70 37 26 108 108
60 18 0 98 89
49 0 87 70
45 104 169 61 180
a3 77 138 49 153
22 50 106 38 126
11 23 75 27 99
0 0 43 16 72
11 4 46
0 0 18
0
43 103 156 58 179
32 76 125 47 152
20 49 93 36 125
9 22 62 25 98
0 ] 30 13 71
0 2 44
0 17
0

(84



conventional, the values for P were more under simultaneous
estimation procedure.

The targetted yield equations have been derived
with the basic data under both procedures, and the response
ratios have been worked out under each set of equations. The
results were found to agree with the published data available
for the soils of Warangal region. The response ratios were
found to be higher under the Simultaneous estimation
procedure (6.8 to 7.8) when compared to those derived under
the Conventional procedure (4.5 to 5.2).

4.2.7. READY RECKONERS FOR PRESCRIBING SOIL TEST BASED
FERTILIZER DOSES FOR DIFFERENT YIELD TARGETS

Using the targetted yield equaticons, an attempt has
been made to compute the ready reckoners of optimum
fertilizer doses for varying soil test values for attaining
desired yield targets under the established ranges of soil
fertility for the two regions viz., Jagtial and Warangal. The
fertitizer doses were found to confirm with the already
published data and results of different workers. The ready
reckoners are given in Table 34 for the Jagtial soils and
Table 35 for the Warangal soils. The ready reckoners indicate
that the optimum fertilizer doses are well within the
experimented doses of N, P and K, and are found to be

meaningful for attaining the grain yields that have been
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derived. Further, these results also are valid for the
farmer's field conditions under the Sreeramsagar Project
command area, since the soil fertility status and test values
are converging with those of the experimental stations,
4.2,8. COMPARISON OF SOIL TEST METHODS FOR ESTIMATION OF
NITROGEN

In the experiments at both Jagtial and Warangal,
s0i11 nitrogen has been estimated by three methods viz., based
on organic carbon, alkaline permanganate method, and calcium
hydroxide method. Estimates of correlation of the soil test
values as analysed under these methods and grain yield have
been determined, which indicated that alkaline permanganate
method is comparitively a more reliable method for estimating
5011 nitrogen since it had a higher and significant
correlation with yield for both alfisols and inceptisols of
Jagtial (r=0.5439 xx) and vertisols of Warangal (r=0.492 xx),

With the multiple regression analysis also, the
same result has been observed, since the regression models
with the combination of soil N as estimated by permanganate
method were found to have a higher predictability (R? value)
when compared to the regression modeis with other
combinations of variables of soil N. This is evident from the
different regression equations described for both the

locations in the section 4.2.5.
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CHAPTER - V

5.DISCUSSION

Andhi‘a Pradesh is considered as the rice bowl of
the country. Nitrogen is the major nutrient Tlimiting crop
productivity in Indian soils and crops need nitrogen in large
amounts. The large increase in nitrogen fertilizer usage 1in
recent years has TJed to recognition of the need for the
reliable methods of measuring nitrogen supplying capacity of
soils and predicting their individual nitrogen fertilizer
requirements. BSite specific fertilizer recommendations for
targetted yields of paddy are today’s prime concern which is
dependent on the N supplying capacity of paddy soils.
Nitrogen 1is a vital input in Indian agriculture. Based on
soil test values, soil test based fertilizer recommendations
have to be evolved so as to make full use of native s0i]
fertility. Fertilizer recommendation for efficient and
economic crop production is based on soil testing as one of
the essential factors.

Many biological and chemical laboratory methods of
testing the soil for available N have been proposed for
predicting s0il nitrogen availability (Bremner, 1965; Chang,
1878; and Sahrawat, 1983). The present investigation has

attempted a fertilizer N recommendation for the farming areas

I8 F



for irrigated rice of Sreeramsagar Project command. The
investigation has also attempted to evaluate the three
different soil test procedures for available N to elucidate
appropriate method that can be adopted by the soil testing
laboratories. The appropriate method of soil testing to
determine the available soil nitrogen found suitable, 1if
adopted by the s0il testing laboratories, can enhance the
value of so0il test data and help rationalise the use of
fertilizer N (Dubey et al. 1972). Velayutham (1984) stressed
that the key to increase the fertilizer use efficiency lies
in the application of fertilizer nutrients based on soil

testing to meet the crop requirements.

5.1. SREERAMSAGAR PROJECT COMMAND AREA

Sreeramsagar project reserveoir is constructed
across the Godavari river near Pochampad village of Nizamabad
district in the northern Telangana zone of Andhra Pradesh. It
is proposed to utilise 200 tmc of Godavari waters through
this project to irrigate an area of 8.48 lakh hectares under
its command spread over in the districts of Adilabad,
Nizamabad, Karimnagar, Warangal, Khammam and Nalgonda under
the three canal systems viz., Kakatiya, Saraswathi and Laxmi
canals. Out of which four districts viz., Karimnagar,

Warangal, Adilabad and Nizamabad were chosen as they
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are the main beneficiaries of the project command accounting
to 2.55 lakh hectares of land area irrigated by the project
out of the total command of 3.97 1lakh hectares currenttly
irrigated which is shown in Appendix 1(b) and Fig.24. The
topography of the command area 1is rolling type with
undulating physical features. The slope of the Jland ranged
from t to 3 per cent. The nature of the soils are diversified
ranging from red chalka soils to black clayey soils. The
climate of command area is semi-arid with dry hot summer and
fairty severe winter (Minimum temperatures recorded 9-10" C).

The average annual rainfall is 944 mm.

5.2. SOIL FERTILITY SURVEY OF SREERAMSAGAR PROJECT
COMMAND AREA

An extensive survey was conducted during 1993 and
1994 in command area of Sreeramsagar Project (SRSP), also
popularly called as Pochampad Project with the help of SRSP
command area maps and toposheets of Adilabad, Karimnagar,
Warangal and Nizamabad districts for earmarking road maps as
well as index map showing the wet cultivated area of
distribution under two canals studied viz., Saraswathi canal
and Kakatiya canal of the project. A total of 21 units have
been identified from grid locations using toposheets and 60

villages were selected covering four districts of command

120



area. The 60 villages which have been chosen are depicted in
the Map at M-1. A questionnaire was prepared for collecting
the information from 300 farmers spread over 60 villages of
the four districts. Soil samples were collected from the
selected fields initially before the rice crop was
transplanted. Subsequently samples of the soil were collected
at the panicle initiation and post-harvest stages of the
crop. Supporting information on cultivation practices,
manurial schedules, history of holdings, farmer’'s practice of
fertilizer application, and the yield obtained in the fields
have been collected through the questionnaire as given in

Appendix 1.

5§.2.1. FERTILITY STATUS OF THE SOILS OF SREERAMSAGAR PROJECT
COMMAND AREA

These command area soils were found to be red
{(alfisols and inceptiscols) and bltack soils {vertisols). The
red soils which comprise of 65 % of the area were sandy TJloam
to loamy sand in texture. The black soils which comprise of
35 % of the area were found to be clay loam to silty clay 1in
texture. The surveyed area were mostly concentrated in
Karimnagar district as it occupies the major chunk of

irrigated paddy areas of the Sreeramsagar project.
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Initial soil samples were collected from rice
farmer's plots from 0-15 cm soil depth. The pH of the soils
analysed 1indicated that majority of soils are moderately
alkaline to slightly acidic in soil reaction with pH ranging
from 5.%4 to 8.85 in Karimnagar, 6.45 to 7.91 in Nizamabad,
6.02 to 8.968 in Wwarangal and 5.61 to 8.16 1in Adilabad
districts. The total number of soils collected from farmer’s
fields 1in the four districts were 230 in Karimnagar, 15 in
Nizamabad, 25 in Warangal, and 30 in Aditabad, thus totalling
to 300 from as many farm holdings. Initial soil sampies were
collected at the rate of 5 samples from each village using
quartering method. The names of farmers, initial so0il test
values, applied fertilizer doses are shown in Appendix 2. The
mandal-wise distribution of villages alongwith the
distributories allotted and attached to the villages are
given in Table 1. EC values were found to range from 0.10 to
0.68 in Karimnagar, 0.03 to 0.4 in Nizamabad, 0.06 to 0.46 1in

m-1
Warangal, and 0.09 to 0.68 dS in Adilabad districts.

Organic carbon (%) status as shown in Appendix 2 ranged from
0.28 to 1.97 percent in Karimnagar, 0.67 to 1.68 in
Nizamabad, 0.31 to 2.02 in Warangal , and 0.47 to 1.92 1in
Aditlabad districts. Olsen’s P was found to range from 6 to
55, 18 to 46, 7 to 35, and 8 to 56 kg/ha in the soils of

Karimnagar, Nizamabad, Warangal and Adilabad districts
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respectively. Exchangeable soil K by ammonium acetate method
ranged from 96 to 528, 189 to 645, 110 to 382 and from 102 to
502 kg/ha in the soils of Karimnagar, Nizamabad, Warangal and

Adilabad districts respectively.

5.2.1.1. CATEGORISATION OF SOILS BASED ON NUTRIENT

AVAILABILITY

The so0ils of these four districts were classified
into ‘Low’, ‘Medium’ and ‘'High’ categories with respect to
nutrient status and are given in Tables ¢ and 10 for initial
and panicle initiation stages respectively. Based on organic
carbon (%) status, it was found that 25 (8.3 %) soils were
low when compared to 49 (16.3 %) under medium and 226 (75.3
%) under high soil fertility categories in all the four
districts. Using the data obtained for estimating the
available nitrogen by adopting alkaline permanganate method,
the soils were found to be 288 samples (96 %) tested Low, 11
(3.7 %) Medium and only 1 (0.3 %) under High spread over all
the four districts.

It is observed from Tables 9 and 10 that the soils
of Karimnagar, Nizamabad and Adi‘tabad were having a high
nutrient index, while a medium nutrient index was evident for
Warangal soils (2.0) based on organic carbon determined

initially on s0i1 samples collected before rice
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transplantation. However, based on KMnQO4 method, the soils
were found to be low since they have a nutrient index which
is lower than 1.5. The mean nutrient index over all the four
districts of the survey soils was found to be high (2.67)
based onh organic carbon estimation, while it was low (1.04)
with atkaline permanganate method for available N.

At panicle initiation stage, the nutrient 1indices
based on the organic carbon (%) indicated that the soils
were falling wunder high category at Karimnagar (2.74),
Nizamabad (2.87) and Adilabad (2.77), whereas at Warangal it
was found to be medium (2.44). The nutrient indices based on
KMNnO4 method were found to be low in all the four districts,
with 285 (95 %) under low, 13 (4.3 %) under medium and 2 (0.7

%} under high categories for scil N in the four districts.

5.2.1.2. CATEGORISATION OF SOILS BASED ON TEXTURAL
CLASSES AND NUTRIENT AVAILABILITY
5.2.1.2.1. CLASSIFICATION BASED ON INITIAL SOIL N
The soils have been classified 1into different
textural classes within a district and categorised the soil N
fertility into low (L), medium (M) and high (H) groups based
on organic carbon content and available N status (alkaline
permanganate extraction) and are given in Table 11. The

number of samples falling 1in each textural class were
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delineated and the data have been utilised for predicting the
post-harvest soil test values through initial soil test
values. Based on the initial soil test values, the results of
Karimnagar district indicated that maximum number of soils
pertained to sandy clay Toam (9 L, t4 M and 104 H), followed
by c¢lay loam (3 L, 12 M and 37 H), sandy loam (2 L, 7 M and
31 H), silt 1oam (3 M and 3 H), clayey (2 M and t H} and
loamy sand (2 M) out of 14 L (6.7 %), 40 M (17.4 %), and 176
H (76.5 %} with organic carbon estimates. The ratings based
on KMnO4 method for available N under different soil textures
were found to be sandy clay loam (124 L, 1 M and 1 H),
followed by clay loam (50 L and 6 M), sandy loam (36 L and 1
M), i1t loam (7 L), clayey (2 L) and loamy sand (2 L) out of
221 L (96.1 %), 8 M (3.5 %) and 1 H (0.4 %). The values of
nutrient index based on organic carbon method have 1indicated
that the soils of textures sandy clay locam (2.75), sandy loam
(2.73), clay loam (2.65) fell under high category, while
clayey (2.33) and 1loamy sand (2.00) fell under medium
category. The dominant soil textures in other districts were
found to be clay loam (11 out of 25) in Warangal with an
index of 2.36, sandy clay loam (5 out of 15) in Nizamabad
with a nutrient index of 3.0, and ctay loam (22 out of 30) in
Adilabad with a nutrient index of 2.91 with organic carbon

method. Similarly, the categorisation of soils in different
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textures based on alkaline permanganate method indicated that
14 (93.3 %) out of 15 soils in Nizamabad, all the 25 soils in
Warangal, and 28 (93.3 %) out of 30 soils in Adilabad were
found to be having low N soil fertility status. The nutrient
index values have also indicated that the soils of all the
districts surveyed were having a low soil N fertility status

based on the alkaline permanganate method.

h.2.1.2.2. CLASSIFICATION BASED ON SOIL N AT PANICLE
INITIATION STAGE

Similar categorisation of soil test values at
panicle 1initiation stage into low, medium and high based on
the organic carbon content of the soils given in Table 12
indicated that it was high in 185 (80.4 %) soils, medium 1in
33 (14.3 %) soils, and low in 12 (5.2 %) with a high nutrient
index of 2.75 over different soil textures of Karimnagar
district. The predominant soil textural class was found to be
sandy clay loam with 101 (82.1 %) in high, 17 in medium (13.8
%) and 5 Tow (4.1 %). Based on KMnO4 method, it was found
that 219 (95.2 %) soils were low, 7 (3.0 %) were medium, and
4 (1.7 %) were high in Karimnagar district with a low
nutrient index of 1.07 over different textures.

In Nizamabad district 12 (80 %) were found to be

high, 2 (13.3 %) were found to be medium, and 1 (6.7 %) was
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found to be low based on organic carbon method with a high
nutrient 1index of 2.73 over different soil textures. Except
silt clay loam with a medium nutrient index of 2.4, all the
other so0il textures were found to be having a high nutrient
index (>2.5). Based on KMnO4 method, it was observed that all
the soils were in the category Low with a low nutrient index.

In Warangal district, the predominant soil texture
was sandy clay loam with 9 {60 %) soils under high, 4 (26.7)
under medium, 2 (13.3 %) under low categories with a Medium
nutrient Jindex of 2.47 using organic c¢arbon method. With
KMnO4 method, 14 (93.3 %) soils were found to be Tow and 1
(6.7 %) was medium under this so0il texture with a Jow
nutrient index of 1.07.

In Adilabad district, it was observed that 26 (86.7
%) soils were high, 2 (6.7 %) each under low and medium
categories based on organic carbon method with a high
nutrient 1index of 2.80. Using KMnO4 method, it was observed
that 28 (93.3 %) soils were Tow, 2 (6.7 %) were medium over
different textures with a low nutrient index of 1.07. The
predominant soil texture was clay loam in this district with
19 (90.5 %) soils having high organic carbon content with a
nutrient index of 2.86, and low soil N in 20 (%$5.2) soils
with a Tlow nutrient index of 1.05 out of 21 soils 1in this

texture.
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5.2.1.2.3. CLASSIFICATION BASED ON SOIL N, P AND K AT POST-
HARVEST STAGE

Based on the soil textural classification made with
the data of soil N as observed at post—-harvest stage and
given 1in Table 13, it was found that scil fertility with
respect to N was predominantiy low in all textures with 129
(97.7 %) in Karimnagar, 23 (92 %) in Warangal, and 18 (100 %)
in Adilabad districts. At Nizamabad the so0il fertility was
found to be medium in 7 (58.3 ¥ )} soils. The nutrient indices
over all texturaes were found to be 1.03 for Karimnagar, 1.64
for Nizamabad, 1.08 for Warangal, and 1.00 for Adilabad
districts.

The texture wise classification of soils based on
Olsen’s P and ammonium acetate K methods for the four
districts are given in Table-13(a). In Karimnagar district,
soil P was found to be medium in 53 (40.2 %) and high in 73
{55.3 %), and low in B (4.5 %) soils with a nutrient index
of 2.51 over different textures. Sandy clay loam texture was
dominant 1in 25 M (35.7 %) and 41 H (58.6 %) categories. 1In
Nizamabad district, the soil P was high in 8 (72.7 %) and
medium in 3 (27.3 %) soils with a nutrient index of 2,73 over
different textures. Out of 25 soils in Warangal, 18 (72 %)
were high, 6 (24 %) were medium and 1 (4 %) was low based on

s0il P categorisation over different textures with a nutrient
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index of 2.88. The dominant soil texture was sandy clay 1loam
in 11t (73.3 %) under high, and 3 (20 %) wunder medium
categories with a nutrient index of 2.67. Based on the
textural classification 1in Adilabad district with soil P
data, it was observed that 13 (72.2 %) soils are high, and §
(27.8 %) soils are medium with a nutrient index of 2.72.

The textural classification of soils based on
ammonium acetate K method indicated that the soils of
Karimnagar were medium in 67 (50.8 %)} and high in 62 (47 %)
with a nutrient index of 2.45 over different textures. The
predominant soil texture was sandy clay loam which was medium
in 37 £52.9 %) and high in 32 (45.7 %) soils with a nutrient
index of 2.44. In Nizamabad, 7 (63.6 %) soils belonging to
different textures were under high, and 4 (36.4 %) under
medium soil fertility categories with a nutrient index of
2.64. In Warangal, 18 (72 %) were medium and 5 (20 %) were
high with a nutrient index of 2.12, the leading soil texture
being sandy clay loam which was low in 1 (6.7 %), medium in
12 (80 %) and 2 (13.3 %) soils with a nutrient index of 2.07.
In Adilabad district, 6 (33.3 %) were low, 9 (50 %) were
medium, and 3 (16.7 %) soils were high with a nutrient index

of 1.83.
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5.2.2. RELATIONSHIP BETWEEN SOIL TEST VALUES AND
PLANT N CONTENT

During the second visit of survey, soil samples
were collected at panicle initiation stage for estimation of
available N by organic carbon and KMn0O4 methods. Plant
samples of rice from 3rd Teaf from top were alsc collected
for determination of N content in plants. A wide range 1in
plant N content was observed in the four surveyed districts.
The mean pltant N (C.V. %)} was found to be 1.77 (31.4 %) 1in
Karimnagar, 1.75 (20.7 %) in Nizamabad, 1.94 (34.9 %) 1in
Warangal and 2.14 (33.2 %) in Adilabad districts as given 1in
Appendix 3. A positive and significant corretation of plant N
content was observed with organic carbon content in
Karimnagar (0.51 %%}, KMnO4 N in Karimnagar (0.59 *xx),
Warangal (0.46 *x*) and Aditabad (0.49 xx)} soils at panicle
initiation stage. The correlations of plant N with s0i1l1 test
values of both methods at Nizamabad, and with organic carbon
at Warangal and Adilabad though positive were nonsignificant.
The estimates of correlation are given 1in Table 5. The
correlations indicated that KMnO4 method of s0il N was better

related with plant N content than organic carbon method.
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5.2.3. RELATIONSHIP BETWEEN PILLANT N CONTENT AND YIELD OF
RICE CROP

Estimates of correlation between plant N content
and grain yield in farmer’s fields have been worked out and
are given in Table 5. The correlations have indicated that a
positive and significant relationship existed between these
two variables 1in all the four districts. The correlations
were 0.52 xx at Karimnagar, 0.61 * at Nizamabad, 0.41 *x at
Warangal, and 0.50 * at Adilabad districts. The correlations
indicate that farmers can obtain high yields of rice only if
suitable rice cultivars which provide a high plant N content
are cultivated. This is indicative of the fact that either
the plant should have inherent capacity to absorb actively
s0il1 N and the conditions for active absorption of socil N by
rice plant should be ensured through proper dose, placement,

weed control and irrigation practices.

5.2.4. RELATIONSHIP BETWEEN SOIL FERTILITY AND YIELD
OF RICE CROP
The relationship between grain yield and initial
s0il test wvalues of N, P and K have been computed and are
given 1in Table 5. The correlations have indicated that a
negative and significant relationship existed between grain

yield and so0il P (-0.33 xx) and soil K (-0.25 xx) in
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Karimnagar, organic carbon (-0.61 x) and soil P (-0.80 x)
at Nizamabad, soil P (-0.41 *) and soil K (0.40 x) 1in
Warangal districts. The correlations of all other variables
were nonsignificant. The correlations were found to be
negative which may be due to soil heterogenity in different
textures and improper management practices adopted currently
by the farmers. The other main reason could be unregulated

water supply and improper irrigation management.,

5.2.5. RELATIONSHIP BETWEEN FERTILIZER USE AND CROP
YIELD OF RICE

The relationships between fertilizer N, P and K and
grain vyield of each of the four survey districts have been
computed and are given in Table 5. The correlations were
found to be significant in Karimnagar for fertilizer N (0.39
*%), fertilizer P (0.21 x) and fertilizer K (0.46 %xx¥x)
nutrients. The relation between fertilizer K and grain yield
alone was found to be significant 1in Warangal district
(0.39 =x), The relationship of grain yield with fertilizer N
was 0.49 x and with fertilizer K was 0.48 x 1in Adilabad
district. Al11 the other correlations were found to be
nonsignificant, which may be due to non-judicious application
of fertilizers without resorting to soil test data. The

significant positive correlations have also indicated that

202



the chemical fertilizers have provided a good yield response
in most of the surveyed soils, and hence can form the basis
for developing a proper fertilization schedules for

optimising yields taking into consideration soil test data.

5.2.5.1. RELATIONSHIP BETWEEN SOIL TEST VALUES AND

FERTILIZER DOSES

The correlations of soil test values and fertilizer
doses as given in Table 5 have indicated that there is a
negative correlation between soil K and fertilizer K (-0.24)
in Karimnagar, organic carbon and fertilizer N (-0.38} and
soil N and fertilizer N (-0.39) 1in Nizamabad districts.
Similarly, the relations of soil K and fertilizer K (-0.30)
in Warangal, organic carbon and fertilizer N (-0.31), soil N
and fertilizer N (-0.35), so0il P and fertilizer P (-0.36),
and soil K and fertilizer K (-0.31) in Adilabad district were
also found to be negative. These correlations indicate that
the soil and fertilizer variables are useful for developing a
basis of fertilizer adjustment using soil test values for

these districts.

5.2.6. PREDICTION OF POST-HARVEST SOIL TEST VALUES
The multiple regression equations for predicting
post~harvest soil test values based on initial s0il test

values, applied fertilizer doses and harvested grain yield
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for each district are given in Table 8. From the regression
equations it is observed that the post-harvest soil test
values can be predicted with a high and significant
predictability in all the four districts covering the area
surveyed. The s0il N prediction values were found to be 0.869
*x for Karimnagar, ©0.82 xx for Nizamabad, 0.84 xx for
Warangal, and 0.54 *xx for Adilabad districts. Highty
significant R® values of soil P for the above four districts
were found to be 0.82 xkx, 0.66 *x, 0,77 xx and 0.85 *x
respectively. The predictability of s0il K was found to be
0.52 xx for Karimnagar, 0.48 x for Nizamabad, 0.63 *x for
Warangal, and 0.88 *x for Adilabad districts, The regression
coefficients of initial soil N, P and K nutrients were highiy
significant (at 1 % level of significance) for the three
nutrients 1in all districts except soil P in Karimnagar, and
s0il K in Nizamabad and Warangal districts. The fertilizer N,
P and K variables and grain yield in surveyed soils were
found to be nonsignificant for predicting post-harvest soil
test values of all the three nutrients. Fig. 23(a), 23(b)} and
23(c) 1indicate the changes in soil fertility of N, P and K
from initial to post—-harvest stages in each district, showing
a depletion of soil N and build up of soil P and K 1in
Karimnagar, depletion of s0oil N and K, and build up of soil P

in Nizamabad, build up of s0il N and P and depletion of so0il
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K in Warangal, and build up of soil N and P and depletion of

s0il K in Adiltabad districts.

5.2.7. PREDICTION OF AVAILABLE N STATUS FROM ORGANIC CARBON
CONTENT OF SOILS

A significant correlation was found to exist
between organic¢c carbon and alkaline permanganate N in
different texturail groups of Karimnhagar soils. High
predictability (R? more than 0.6 x*x} was found to exist for
predicting KMnO4-N through organic carbon content in clay
loam (0.62 xx) and sandy clay loam (0.69 xx} soil textures.
The predictability was about 0.57 ** in sandy loam 0.59 *x in
silt Toam textures for soil N. The prediction equations have
been calibrated and are given below for different soil

textures of Karimnagar district as shown in Table 8.

Texture Prediction equation R% value
*¥K
Clay loam KMNO -N = 159 + 39.9 0C (%) 0.62 %xx
4
* K
Sandy clay loam KMRC -N = 168 + 21.7 OC (%) 0.69 xx
4
K
Sandy loam KMNO -N = 148 + 44.3 0OC (%) 0.57 %x
4
* ¥k
S$ilt loam KMRO -N = 78 + 145.8 0OC (%) 0.59 *x
4

(OC : Organic catrbon (%)

(KMNnO4-N : Avatlable equivalent N)
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Using the above equations, it 1is possible to
predict the available N content of soils of various textural
classes which can be used by the s0il1 testing laboratories.
This would improve the efficiency of soil testing services
and enable the laboratories to provide fertiltizer
recommendations in time for rice, These findings have also
been confirmed with the work carried out in the 8Soil Test
Crop Response Correlation Project (Velayutham et al, 1984).

The prediction equations of so0il N through organic
carbon content of the four districts over all soil textures

are given below

District Prediction equation R* value
___________________________________ ;;_______,____,,__________
Karimnagar KMhO4-N = 152 + 12.78 OC 0.66 *x
N1izamabad KMnO4-N = 288 - 59.;: ocC 0.60 *x
Warangal KMNO4-N = 174 + 12.2: oC 0.61 *x%
Aditabad KMNnO4-N = 125 + 38.;; ocC 0.71 *x

o e e e e s e . . T P A W T o AL S ko . . W A . 2 ke M b

OC : Organic carbon (%)
KMNnO4-N : Available equivalent N

A ready reckoner showing the predicted soil N based
on KMn0O4 method through organic carbon (%) content of each
district is given in Table 7. The predicted soil N was found
to range between 153 to 179 kg/ha in Karimnagar, 162 to 282

kg/ha in Nizamabad, 175 to 200 kg/ha in Warangal, and 132 to

209



270 kg/ha in Adilabad districts for a varying organic carbon
content of 0.1 to 2.1 percent in these soils. The predicted
values of so0il N indicate that the values are highly and
significantly predictable and are within the ranges of soil N

as observed in the farmer's fields of different districts,

5.2.8. QUICK SOIlL TESTS
5.2.8.1. QUICK SOIL TESTS OF SOIi. N WITH ORGANIC CARBON

Based on 150 samples coltected from farmer’s fields
of four districts, quick soil tests were adopted for
assessing the fertility of the soils. The classification of
soils under different textures falling under Low, Medium and
High categories with the quick s0il test for N as determined
by organic carbon content using colour comparator is given in
Table 14. From these results, it was observed that t07 (89.2
%) soils were low, 5 (4.2 %) were medium and 8 (6.7 %) were
high 1in Karimnagar district over different textures with a
low nutrient index of 1.,17. In Nizamabad and Warangal
districts, all the 8 samples studied in each district have
fallen under the low soil fertility category. In Adilabad
district, 10 (71.4 %) soils were found to be low, and 4 soils

(28.6 %) were medium with a nutrient index of 1.29.
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5.2.8.2. COMPARISON OF ROUTINE SOIL TESTS WITH QUICK SOIL

TESTS

Soil testing laboratories in the state recommend
fertilizer N based on crop response data with less emphasis
on so0il test value. Since organic carbon is an index of soil
N, it is being followed by the laboratories. As a Quick test
procedure soil organic carbon content soil organic carbon
content 1is determined as an approximation wusing colour
comparator method. Based on determination of organic carbon
content of soils by Walkley and B8lack (1934) titrimetric
method, the 150 soils selected from the area surveyed in the
four districts were categorised as Low, Medium and High and
are given in Table 14(a). Based on organic carbon (%) status,
it was found that 9 (7.5 %) soils were low when compared to
20 (16,7 %) under medium and 91 (75.8 %) wunder high soil
fertility categories in Karimnagar. Similarly, all the 8
samples under high category (100 %) in Nizamabad, 6 (75 %)
under low and 2 (25 %) under high categories in Warangal and
all the 14 samples (100 %) under high were observed 1n
Adilabad district. A critical examination of the three
methods of nitrogen between STL and university methods
revealed interesting trends. With alkaline permanganate N
method (Subbiah and Asija, 1956), the soils were assessed to

be 114 (95 %) samples were Low, 6 (5 %) were Medium 1in
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Karimnagar district as against all the 8 under high category
in Nizamabad and Warangal, and 13 (92.9 %) as ltow, and 1 (7.1
%) as medium in Adilabad district. Thus the three methods
viz., visual colour comparitive method, titrimetric method of
OC and alkaline permanganate method of N were assessed and
their relative performance was judged with mean nutrient
indices as given in the Table 14(a). Based on quick soil
tests done using gualitative colour comparison for organic
carbon, it is observed that 107 (89.2 %) soils were 1low, 5
(4.2 %) were medium, and 8 (6.7 %) were high in Karimnagar
district. A1l the 8 soils each in Nizamabad and Warangal were
found to be Tow using quick soil tests. In Adilabad district,
10 (71.4 %) soils were low, and 4 (28.6 %) soils were found
to be medium based on quick soil tests of organic carbon.

It 1is observed from Table 14(b) that the soils of
Karimnagar, Nizamabad and Adilabad were having a high
nutrient index (> 2.5), while a medium nutrient index was
existing for Warangal soils (1.5) based on organic carbon at
inttial soil fertility. However, based on KMn0O4 method, these
soils were found to be low since they have a nutrient index
of less than 1.5. The mean nutrient index over all the four
districts was found to be high (2.68) with organic carbon
method, while it was low (1,05) with alkaline permanganate

method. The nutrient index was found to be 1.17 for
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Karimnagar, 1.0 each at Nizamabad and Warangal, and 1.29 at
Adilabad based on the classification made with the quick soil
test method of organic carbon in the surveyed districts. It
was observed that more than 50 % of the cases based on quick
tests were not reliable as an index of soil fertility and

fertilizer recommendation,

5.3. FIELD VERIFICATION STUDIES

Based on the results of survey of farmers fields in
the command area of SRSP, and to confirm the recommendation
of fertilizer N based on soil test values as these farmers
have been using different doses of N, P and K which may
either be in excess of actual needs or insufficient, two
field verification trials were conducted one each in
Karimnagar and Warangal districts namely at Jagtial and
Warangal itself, The soils on which the experiment was laid
out were representative of the soils of two districts,

texturally.

5.3.1. DETAILS OF FIELD EXPERIMENTS
$.3.1.1. JAGTIAL CENTRE

The field experiment was laid out with Rice variety
IR-64 as the test crop during kharif 1996 at Regional
Agricultural Research Station, Jagtial. A perusal of data of

initial soil data reveals that the pH of the soil was 8.09
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m-1
and the EC value was 0.289 dS . The soil had an organic

carbon content of 0.31 percent , total N of 845 kg/ha and CEC

-l
(P+)kg
of 6.44 C. mol . The KMh04 oxidizable N was 124.2 kg/ha

and the Ca(0OH)2 extractable N was 96 kg/ha. Texturally the
s0il was characterised as red sandy loam with 16% clay, 2.1 %
silt and 75 % sand fractions. P fixation and recovery were
found to be 45 and 55 percent respectively. The critical
level of soil P was estimated to be 34 kg/ha. The data of
different soil characteristics are presented in the Table
2(d) 1in “Materials and Methods”. Twelve treatments as
recommended by the International So0il1 Fertility Evaluation
procedure of Waugh and Fitts (1961) were included in the
experimentation, 1In addition a treatment representing the
farmer’s fertilization practice and the recommended level of
application of fertilizers were also included in the 1layout
thus totalling 14 treatments as detailed in Table 2(b) under

"Materials and Methods".

5.2.1.2. WARANGAL CENTRE

At this centre aliso the different fertilization
treatments incliuded were similar to those emplioyed at Jagtia)
centre and the layout details of the treatments is given in
Tabte 2(c) under "Material and Methods". The rice variety

employed selected was WGL-20471 (Erramallelu), a popular
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variety grown in the area. The soil texture was black clayey

with 47.5 % clay, 15 % silt and 37.5 % sand. The pH and E.C,

-7
of the soil were 8.64 and 0.808 dSm respectively. The soi]

contained 0.53 % organic carbon and KMnO4 available N of
184.6 kg/ha and Ca(OM)2 extractable N of 110 kg/ha. The total
N content was 1204 kg/ha. The soil available P was found to
be 29.4 kg/ha with a critical value of 40 kg/ha. P fixation
and recovery were found to be be 65 and 35 percent
respectively. The soil K was found to be 512 kg/ha. The CEC

-1
of the s0il was 14.95 C mol (P+}kgP . The initial soil

characterisation of the centre is given in Table 2(e) under

"Material and Methods”.

5.3.2. EVALUATION OF SOIL TEST METHODS FOR NITROGEN
Three soil test methods or indices have been
evaluated in the field experimentation at Jagtial and
Warangal viz.,
1) Organic carbon (Walkley & Black, 1934) ;
ii) Alkaline permanganate method (Subbiah and
Asija, 1956) ; and
iii) Hot calcium hydroxide distillation method

(Prasad, 1966).

These three methods have been correlated with

different parameters 1like grain yield, drymatter, plant
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uptake of N, P and K nutrients, plant height, paniclie length,
applied fertilizer nutrients and inferences about the
suitabilty of a soil test method have been drawn. These are
found to be in confirmity with the work of Bajaj et al
(1967), Subbiah and Bajaj (1968), Subbiah and Asija (1956),
Prasad (1965) who obtained significant correlations with
paddy and wheat yields using soil N estimation methods.
At Jagtial, the organic carbon (%) was found to range between
0.06 and 0.73 with a mean of 0.26. The soil N based on KMnO4
method was found to range from 94 and 436 kg/ha with a mean
of 158 kg/ha. Similarly, the soil N based on calcium
hydroxide method was found to vary between 75 and 349 kg/ha
with a mean of 126 kg/ha. The descriptive statistics of
different parameters are given in the Table 18,

At Warangal, the organic carbon (%) was found +to
range between 0.12 and 1.05 with a mean of 0.64. The soil N
based' on KMnO4 method was found to be between 141 and 351
kg/ha with a mean of 202 kg/ha. Simitarly, the soil N based
on calcium hydroxide method was found to vary between 115 and
281 kg/ha with a mean of 162 kg/ha. The descriptive
statistics of different parameters are given in the Table 18.

The correlations of different methods of s0il N

with grain vyield are given in Table 23. S¢il N based on

alkaline permanganate method was found to have a high and
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significant correlation with grain yield at both Jagtial
(0.549 xx)} and Warangal (0.492 xx), The corretations of
organic carbon method with grain yield were found to be 0.216
at Jagtial and 0.326 * at Warangal. Similarly, the relations
of soil N based on calcium hydroxide method with grain yield
were found to be nonsignificant and were 0.249 at Jagtial and
0.255 at Warangal. These correlations indicate that alkaline
permanganate method of soil N is a better method over the
other two methods since it 1is highly and significantiy
correlated with yield than the other two methods. Simitar
significant correlations with N uptake and drymatter of rice
was found by Sahrawat (1982a).

The correlations of soil N based on KMnO4 method
with plant uptake N were found to be higher at Jagtial (0.359
x} when compared to those of soil N based on organic carbon
method (0.294) and calcium hydroxide method (D.161).
Similarly, at Warangal the correlation of soil N based on
KMNnO4 (0.308) was higher than those based on organic carbon
method (0.215) and calcium hydroxide method (0.201).
The correlations of s0i1 N with fertilizer N were found to be
negative and significant for KMnO4 with fertilizer N at both
Jagtial (-0.421 x) and Warangal (-0.394 x), and organic
carbon and fertilizer N at Warangal (-0.324 %), A1l the other

correlations of scil N with fertilizer N were found to be
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nonsignificant. Further, the coefficient of variation was
found to be larger in organic carbon (53.2 and 35.8 %) than
KMnO4 (47.7 and 20.3 %) and Ca(OH)2 (47.6 and 20.2%) at
Jagtial and Warangal respectively as given in Table 18.

Thus the correlations of soil N with grain yield,
plant uptake and fertilizer N have c¢learly indicated the
superiority of alkaline permanganate method of so0il N both at
Jagtial and Warangal. The quick soil tests done 1in survey
soils will only be a gualitative measure of nutrient index
which cannot be matched with regular methods of soil N
estimation as done in the laboratories of wuniversities for

fertilizer recommendation.

5.3.3. RELATIONSHIP BETWEEN GRAIN YIELD AND APPLIED
FERTILIZERS
When so0il available nutrients are not adequate to
meet the crop reguirements, additions of nutrients through
fertilizers are essential for which relationships between
grain yield and different fertilizer variables for
optimisation of fertilizer nutrients have been worked out

through experimentation.

5.3.3.1. JAGTIAL CENTRE :
The mean grain yield obtained was 2260 kg/ha with a

range of 1759 to 3691 kg/ha. The drymatter was highest (5030
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kg/ha in the treatment T12 (180-90-75) of N-P-K combination,
followed by T10 (120-60-25) i.e., 4776 kg/ha. The grain yield
was found to have a high and significant correlation with
post—-harvest soil test values of N based on KMnO4 method
(r=0.55 %x%), The correlations of grain yield with the organic
carbon (%) and available N based on calcium hydroxide method
were found to be positive but nonsignificant. However,
significant correlations with both grain and straw yields
with appiied fertilizer N and P were observed. The replicated
data of different fertilizer treatments are given in Appendix
6. A coefficient of variation of 28.9 ¥ was obtained for
grain yield attained at different fertilizer treatments.
Similarly, the coefficient of variation of plant uptake of N,
P and K were found to be 36.6, 30.6 and 27.1 ¥ over different
fertilizer treatments respectively. Pathak et al. (1976) and
Reddy et al (1987) have also obtained similar relationship
between grain yield and applied fertilizer nutrients.

High and Significant correlations of grain yield
with fertilizer N and P nutrients were found at this centre.
The correlations were 0.609 (xx) and 0.455 (*x)} for N and P
respectively. The corretation of fertilizer K with grain
yield was 0.173 and nonsignificant. The correlations indicate
that fertilizer nutrients would significantly influence the

changes 1in grain yield which can be predicted through
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standard Soil Test Crop Response model and optimise the
fertilizer nutrients (Velayutham et al, 1979, Maruthi Sankar,
1986).

Since the survey resuits have clearly shown that at
the field level the fertilization practices and yields of
rice are varying, there 1is a need to evolve proper
fertilization schedules particularly for N to realise optimum
yield of rice. The different fertilization schedules adopted
in the field study coupled with the information obtained from
the field survey, if collated will provide information on the
proper fertilization practices which can be recommended to
the farmers in the Sreeramsagar Project Command. The analysis
of grain yield data of Jagtial centre 1indicated that
apptication of 180-60-50 (treatment 5) gave the highest yield
of 2852 kg/ha followed by T12 (180-90-75) which gave a grain
yield of 2928 kg/ha. The two schedules were however on par
with each other. The grain yield was minimum at 1155 kg/ha 1in
the unfertilized experimental control. The farmer’s
fertilization practice {80-60-0) has given a yield of 2681
kg/ha, the yield based on the general recommended dose (120-
60-30) was found to be 1759 kg/ha. The average ‘Total N' in
this soil was found to be 872.9 kg/ha with a coefficient of
variation of 15.8 %. The analysis of variance of grain yield,

plant uptake and soil N, P and K nutrients, and ‘Total N’ are

220



22}

(vy/B) ¥ axeadn

n

PIo14 meayp

(*4/9%) N IpTXOJPAY wnialep

: L ¥ A &) (PU/8q} pratd utwan @
(ey/8x) 4 oxwadn : dn (99/87) ¥ 231908 wniuowwy : Wy {wg/BY) § syvueluweaed FUTTRXEY : WY aBe18 JaaAdRy-190d : Hd
(ey/BY} N aywadn @ Nn (eu/dy) 4 2, ueET0 : 10 (x) woqaed> oywedag : 30 afuys UOIINTIIAT BTOTUNY ! 4
65 6701 o1t 1221 181 02 961 62°0 9%7 i POl e 22°0 ] 114 uvoR
29 £'21 611 506 981 51 ol 861 82°0 714 It 9 L6 12°0 1698 09 09 oal
99 £'el 921 111 ¢ g6l 47 608 i8e 920 2 52 661 142 61°0 LIFE S 06 081
09 ¥l L2t 96 bot £1 £It [£21 $1°0 0Lz & j:11 66 2170 berYE 09 09 081
8 $L z8 958 Si1 91 g0t SE1 0 682 141 9¢ ¥ DE’D Thst 0% 09 081
09 801 (1%} 986 981 12 -1 I3 80 e 02 L9 £y 9z°'0 1L 52 06 081
29 D1t L0t L8 102 92 202 £52 080 31 92 et L1 £2°0 1592 6. 06 081
Lr g 2L 10 £ €2 144 134 £E°0 £02 81 8 201 $2°0 9822 uvoN
47 5L 88 9901 o1 §1 ort 8g1 80 082 (4} Y L6 9E°0 AL - 0 01
25 ¥ £5 268 I8! 1 €0t 621 81°0 667 It 43 06 (281} 69¥2 0% 09 0z1
58S 29 8L 0re ZALT FA | cot 821 Sk'0 ¥8Z ¥ 1) 06 oo ¥SLT OF 09 021
£F QL L5 0201 é8t 61 sZ1 L5t ¥'0 gLt 1 8 o1t LN (1] {3 QU7 09 021
c¥ 2'9 96 org 9cl LT €01 621 £1'0 82z o1 7] 06 0140 {087 0 0% 0z1
5% L9 9L 956 202 0¢ grt 1128 0 0ez 62 18 10§ vz 0 L0987 §2 a9 031
&F ¥ L SOT 205 Fia} £7 ort 8E1 91°0 b4 4 12 iL $6 210 5982 O 0% 021
29 68 gotl 68L ¥el oy 06 21t S¥'D 162 gc £9 6L £60 BEIE 0% ot 021
£5 1'6 18 9.8 ETA Ft. 80T 131 91'0 162 81 71 ¥6 tAM ) 69¥2 0§ 0s 0z1
8e 16 08 13141 581 it 6% 1 920 s0¢ 44 ¥z vz 61°0 orZ 0§ 0 021
6% 18 19 Si6 181 FA ¢ 52t LS 61°0 862 zt 88 011 ¥I0 6652 0§ 0% 0zl
LY ) 6L 506 1Lt 91 001 gzt 860 282 91 oL 88 8270 6862 Of 09 ozt
9% L9 06 90L gEl 42 a8 ort 32°0 FOE % 29 §L Lm0 008 0§ 0% 021
6F 8L €L #25 ¥l 52 G4 ¥6 90°0 182 14 £5 99 900 6202 0% ot 0z1
6t 6'9 113 1101 06T 14 S01 4| 180 10 ST ¥ 26 Eb 0 2041 64 0% 081
£F $'6 1§ ;A z6t an STt i 95°0 6£¢ L £} 101 260 818  GL 09 [i+4]
S £ £l z¢8 948 5027 [ 34 2ol 121 £5°0 ¥ez ¥Z 1L (] 6£°0 1§12 &2 09 02t
£¥ L0y £9 868 m 61 Lot (34§ LANd] 1174 81 S 16 1o 081 0 09 ozt
33 ¥'E (i} 508 421 113 68 1141 £LT0 287 |83 09 T $2°0 2961 0§ ot 021
¥ -1 L8 0Ll Tt 62 6 184 110 208 LT ¥9 08 §0°0 9852 0% ot 021
¥ 6L gL 211 981 81 622 192 L1£°0 408 £1 31 561 B2 0 BLLT 0% 0 021
LS FANL] 1] 90L 112 9z T o1 £L°0 $2¢ 9z 79 Li ¥5'0 862 52 09 021
[ 21 0y F42 g98 2t 51 86 221 2L'0 ¥ez 5t 89 sg ¥Z'0 £BIT  0f 09 0zt
(1] 98 0% 178 6t 61 48 (47 0z°0 962 £1 08 0ot 510 L1822 0% 09 0zt
£'L L9 9T 881 44 06 4 44 02°0 092 T £y 6L §1°0 1892 uwoy
cy 99 %9 092 981 €1 6 91 o 952 I 59 &} 80°0 6652 O 09 08
£y c'e 9 ¥80 8sT 11 06 £11 0zZ'0 192 01 £9 6L ST°0 080 0 09 08
9 6°9 65 504 09t ST a8 o1y 820 ¥92 AR 9 it 12°0 S9E2 0 09 08
9¢ S'9 ¥ 122t ut a1 1134 e o 182 ST 827 691 Sz2'0 z102 uway
15 6'9 1% toz1 LN | 0z L81 9z EL'0 282 or 42t rgl 32°0 8122 0% 09 0%
14 3'9 5¥ SI81 9Lt 81 992 2£¢ 9z2'0 382 £1 §97 1£2 81°0 ZEST 0% 09 0%
(13 I'9 0g 6#01 691 or oct 09t 8’0 647 $1 16 21t 1£°0 8061  0¢ 09 0
8z vr oF 836 b1 1 o1t L8t 8T°0 662 £z Lh $6 £1°0 BBCT uwap
62 v 05 956 E61 0% BIT L¥ 320 sig 74 2] £01 L1170 ¥OEL 0% 09 0
22 Lt e 828 311 0z 901 SE1 01 0 ¥82 4 9L ¥ £0°0 SHT o 0 0
05 YL 6L 9001 961 8 8zt 09l 620 L 74 ot 68 021 22°0 0952 0§ 09 0
LT L€ &2 9201 2Ll | £4 (114} £91 60°0 082 9 6 ¥ol 16°0 €501 0 0 0
LT L' §2 296 691 oF of 001 9z2°0 01¢ ¥2 €5 0L §1°0 &%  0¢ 0% 0
0z 0¥ ¥ 0.8 0Lt 12 €6 911 01°0 6.2 91 59 18 900 6501 0 0 0
A0 dn NR HT0) (Ba)N  (Hd)10 (W)Yo (RN (Hd)00 (1)WY (Id)T0 (Id)¥D (Id)Wd (1d}D0 A5 b1} a4 W
NEDOULIN"Y

TeTadvr 3% UOTINOTTAdw N JO S[SAR] JURISJITP IV SJUSLIINU Jo ayeidn juwid pue FON[WA 82} TYOF 'PIRTS Jo suwap ‘9f ITQEL



222

(w8} ¥ aywadn : n PIeYL awayg g {9/BX) & OpPYxOIPAY WNIDTY) : I (=y/8x) pI#14 wtwap : 1o

(#4/9) 4 awwady @ an (W/BY) ¥ awieow enjuowmy : Ny (9%/FY) N ervoedoemind sarpeqiv : NI WY Y02V -100d B

(ay/8n) ko oqwdn @ N (vq/8%) & »,uoelQ : 10 .{X} vogueo ayuwdio : D0 I8 DOTINTITUT FFONNG © 4
% L m 9291 861 sz 0T £52 o£°0 (1 (2 144 LLt £2°0 0262 ey
(] 01 ot 998 1 13 86 1144 40 1103 oz L9 3 ] 92°6 9142 St 06 081
9 o1t L0t vt 0T 9 202 £53 0t 0 e 97 411 LLt £2'0 1992 SL 06 08l
1] 3 31 141 11134 73] 42 608 i8€ $2°0 e 92 561 142 &1°0 LIve 17 06 08T
1] L L9 tcs 9%l £ £141 14 20 003 Fi (i 101 20 Fi° 44 uway
111 -9 8L org 21 F) e01 821 %0 yey )1 7] 06 "o ruil ac 08 o1
8 z°01 59 $0L Iz 82 0 o1t £L'0 T2 92 1 ik »0 6€52 14 09 o2t
) '8 o5 g 41 41 £o1 821 £1°0 [ 114 ] £ 13 06 (1§} Lowt ] 09 oz
57 1y 0% 896 €61 05 1341 101 220 91¢ $¢ &8 g0t FAR ) roct 05 (1
b4 rL £§ 288 {14 91 $01 621 810 682 n 13 0% Moo 992 05 08 021
oF -3 28 968 LT3 ” 801 131 W0 (314 1 9 1] (114011 Ll 0% 0% o8l
cr 9'9 1 o9 gg1 L %) 91 1o 992 1 99 18 00 6692 0 08 08
(13 s 0% oro1 49t 11 net ot 0 842 9T 18 411 €0 B8t 0§ 0 09
05 [ 6L 01 951 ar 341 091 8270 ¥ ot LT ozt zzo 9%z 09 0w 0
b1 L8 0L 10 202 oc 911 i 20 oSt 82 18 101 2 p L0082z sz [ 11
) i 501 208 FLL £ o 9851 M0 2 £ L 96 g 4992 0 09 o
¢ 69 117 et 081 ot 901 281 i5'0 g 9t ¥ 2 £¥'0 0L1 8L 09 o1
”» 6% 134 S04 a9 11 1] o1t 62°0 w2 b1 " ¥ 12°0 $9€2 o 0s OB
& 0L &5 6201 %01 81 $21 151 ¥3'0 £ee st ] (1711 "o 0161 oL 09 o
6% I'6 9 518 181 i set 151 81 0 o8t 11 9 ot AN 6852 o« 08 o2l
¥ £e 9 59 8s1 41 08 ent 0z'0 197 ot <] LY §1°0 080t 0 09 08
cr $'6 Fi- gzt 61 14 L i %0 (144 FA 4 18 101 t 1 7714 -7 0 0
s gLt 25 998 02 ¥ 01 12 £9°0 14 4 " | 73 3] 6E°0 1812 52 [ 5 |
tr FREL £8 B68 N 81 501 141 Mo "z 1 SL 13 110 9091 0 o9 0t
14 29 5 61¥1 941 81 14 e 9270 282 el a1 152 61°0 2ce1 [V [ I Y
¥ S L s 506 171 14 001 921 8L 0 fi: 7 o1 L7 " 8270 8ELCZ ot [V T 4 |
H oy r Bog Tit 1 85 2t w0 s g1 " 9% ¥o ot ot 09 o0zt
% gz 611 $06 997 st or - 8Z°0 12 " u 16 12°0 169¢ 08 09 091
0§ 68 0% L26 84t 11 241 £ 0z'0 962 1 (T o0t g0 Late 0s [ 4]
T4 69 15 £021 Tix 03 187 17 EE°0 20z 91 L2 " $2°0 9122 0% 09 09
i L€ 62 296 [T} o 04 001 920 ote 1 71 9% oL £1°0 111 as M0
09 yot 131 E1T 1 114 1 381 [£21 910 oL [ T3 &8 o e 05 0 081
1) o8 98 Bl as1 14 08 24 | 229 13 4T ce L1 AN 6692 uway
% 69 gol 88¢ 131 or 08 441 g0 €+ 14 (17 8L £e*0 3 1 s 0 ot
5 1'8 16 9.8 YA 42 01 (134 10 182 81 9% ¥ o (1171 0s 08 02t
6* 8L £L ¥29 ¥8t sz 7] v 90°0 w2 91 €9 1) 90°0 6L02 s ot ozt
5 L9 06 0L 8et 2y 1] 011 220 »oL % 29 $L i1 2008 0g (I 11
¥ A1t L 0L (34 62 z6 I 119 208 i 1] o 800 1111 05 o 03t
13 6 0L 508 424 13 68 (R4 gE'0 282 144 09 13 $2°0 2968 0% a0t
oc 0's 11 0101 ETR 61 0Lt 4 ¢4 £2'0 174 14 144 1) g SRt L
b1 §°L 86 8801 051 81 o1l 8§81 80 087 141 b L6 90 LI 0% 0 ozl
0 o'y ¥e 048 0L 44 Y 14 010 62 1 '] 19 90°0 6501 0 0 [
% I'$ 08 (1143 134 i &¥¢ (137 92-0 08 z1 34 ¥z 6170 P02 09 0 0zt
13) 6L €4 1 143 "t 81 622 182 i£'0 408  § 91 s6t 81°0 LT 09 0 021
it L'E L2 970t 281 12 oet €91 60°0 092 9 18 ) $0°0 £go1 0 0 0
u g 2t 826 E 731 0z a0t $£1 01°0 " " t 1) ¥ FLN 81 0 0 0
n 4o (Y NTSI0L (WOWV (M1 (Ba)vo  (RIWY ()00 (1MW (1d}10  (1d)w  (1a)M®  (1d)00 Ap T d M

SHNORIEON *#

TRIIReL 39 WOTINOITHAY 4 Jo STIA0] JUSIDFFIP I¥ FINOLIIAE JO SYwidn JURTd PUW SSNTEA 3881 [(08 ‘DIIFL Jo suwop ‘9 S[AWL



223

(e B % aywadp W [ e (B3 N 2ptxoapiy snyaqes @ Vo {(oy/8q} piatd urern A0

(ey/84) 4 axeydpy @ 4n (wy/BY) 1 3)8190% EDTUCEMY @ NY (w4 /B N 3mmvSuseaed SATTRATY : WM afv1E ysesdvy-180g : H4

(ey/81) N »qeadn : NN {"Y/39) 4 ®,us910Q : 10 (%) veqea 2tuwEiG : DO ofwiR UOTLMIITUT aToTwey ¢ Ig
25 6 I8 6821 61 1z 129 (1) EF0 LIE 0z Lot GET ZE°0 4] A Ll |
1 [ 8] w 1101 o681 31 111 2tl FAN ] 143 1) ¥ 6 £ 0 2041 S4 09 1741
9 011 L9l L8FT 102 92 202 374 0t 0 L1e 9z [£4) LT £2°0 1592 5L 06 081
EF §°6 FA+ ra g 261 51 28 L1 4) 86°0 6EE LT 18 o1 Zr0 BiE2 1) 09 azt
cF 0L LG ozat 11 61 521 FA (4] EEE BT L8 ™1 1#°0 1143 G 09 174}
&9 £°ET 921 ¥OEZ £61 iZ 608 L8E 920 ZIt b 74 .13} [¥14 600 LIPE S 06 Li1:1
1] &0 101 986 1) 12 56 BIT S£°0 ¥IE 0z 1] £8 920 91Lz G2 06 9Bl
gF 0°g 16 A4 92 L4 891 L300 t62 [ 16 511 0270 PIET weay
L1 [ 3 gL {41 428 b4 L ¥ 00 182 91 ES 2] 90°0 6408 05 GE ozt
9€ &9 06 802 sel ¥ 2] 0l1 22'0 FOE 1€ 29 si Lo 2008 6% ot [Fra)
F44 (] £07 882 ¥l 0¥ 06 41} §k0 1.3 BE £9 .13 EED b1 0% 0t i74}
¥ §°L F4] 958 611 :14 801 9T [4 M1} 662 13! EH ¥6 QE"D T¥it 05 0% 081
F44 'L 11 768 gt g1 tot 621 61"Q 662 1T 43 i3 LA 6542 05 09 GZ1
5E s a5 oF0I 591 91 0g1 a9t 280 6L7 1) 16 zIt 10 BE61 114 0g a9
52 TF 05 BGE £61 05 811 LFL 230 184 St ts 01 FAR ] ¥9g1 6§ 09 0
v £ L] 9801 171 Bl ort BET B0 oe2 ET L L& 9€0 LT¥Z i}4 0 ird)
9% | A2 6L 5001 961 ;14 821 a9t 6270 it ot 68 ozt z2 0 0992 0% 09 0
44 '8 16 3.8 9T 12 801 SET 910 162 L1 $i ¥ F A ] 6997 0% 0f ozt
43 i'e &2 296 681 9k 08 114 920 oit ¥ 59 02 #1°0 (241 0% 09 0
SE 89 ¥ .14 4 41 at 987 TEe 920 78 ET 91 €2 810 ZEBT il 69 a9
14 1°6 19 §i6 (L3 18 621 51 61°0 -1 FA S L} LiLa) ¥1°0 33344 s 0% 1743
09 L 121 pLL) ¥9l £l £t T¥I 910 0L2 6 9L 66 210 Lr41% 0% 09 081
¥s 1 L@ [174:] 121 62 26 FEL 10 70t A | 4] 08 800 9852 04 DE azt
BE 1°6 I} HICT 61 LT 6¥E 9EY 820 i FA) P12 [ 714 51°0 ovoe 04 0 ozl
85 [ [ 181 06 591 ) art BE1 BZ*0 1Lz 11 9 L6 1z-0 169¢ g 03 o8t
0% 'y 05 LZ6 61 &1 M1 141 02°0 96z tl og a0t 510 LBZ7 a5 09 0Z1
13 §'9 s g0zt oLl 0z LGT 9k 0 421 st f148 1ol §2°0 1144 0% 1¢] 09
1 b6 L1 Go8 (A 2 ¥ 68 (131 EE"0 41 I 09 -1 §%°0 2961 0§ DE az1
1) -3 tL [1411 991 -} 622 L9 LETQ Lot tl 191 %61 82°0 PLLT og 1] azl
1% 6°g a8 1.8 E A2 " 00T i BE 0 92 51 0L -] 830 6SLT ueay
£% 29 B 1] gLl A ) £01 621 5¥0 10 FE L 06 "D PELT 0g a9 0Z1
Ly 'L 6L 506 it st ool A E°0 8% 91 i T '] €2°0 BELT Qg 09 0g1
[} o' ¥ age EFA) §7 86 ezl 2E"0 g2 [} a9 99 ¥2°0 £81Y 0g 09 021
14 Lol 3 {E8 902 L2 n fxAl £5°0 w4 92 12 1) 6E°0 ¥E¥Z ey
34 2ol 99 502 1z %2 1] 118 L0 e 92 29 L 50 BEEZ G2 09 0zt
g% L'g 13 96 207 [+]4 (14 a3 F ] 1% A 67 18 Li2] ¥2'0 LOBT 53 08 ozt
¥s £l b4 98 07 ¥ 201 L21 £5°0 PET ¥ 1L 6@ GE'D L5T2 G2 09 0z1
9C 99 19 1 4] F1) 81 ot gl 5L-¢ .j+4 51 L 88 1o 6012 waN
tr £e 92 L4 st 1 06 AN ) -] 19z o1 £9 6L 510 0B0E 0 09 L1}]
1N L0l [} 1) vl 6T 201 EET (201 el at L 16 110 9081 1] 09 oz
a2 0k LF4 oie 0Ll 1z 13 L1989 o1'o LTx4 L1 g9 L} 900 [31)] o 0 Q
A L7E F14 BZ6 it 14 BOT gel 010 Li' H 9. 4] L0 SPET 0 o 0
9r 69 55 504 o9l g1 L] 119} 2 0 ¥z F4) 19 1% 120 59¢3 1 09 09
L1 L) 501 806 Ll [ 4 OIT el 810 444 tz i b1 FAN 1} 5982 0 09 ozl
144 29 96 ore 14} 1) EOT 521 £r°o 144 91 ) 06 10 1] Loz 1] 09 0zl
£r 99 59 1173 §51 (1} EG ar 110 1114 11 59 19 809 1144 ] 09 o8
A L' LT 9201 ol 12 0gT £91 60°0 0Bz 9T 16 ¥OT Lo €501 0 v] 0
in 40N AN N T%10L  (HdiNY (Hd }10 (Wd)¥2  {Hd)MM {Hd)20 (Id)wy  {1d)10 (1d}v0 {IdInd (Id}D0  AD b d4 Nd

WIIBEYLOd "D

TOTANRL 3% UOTHWDTTAAY Y JO AT8A9[ JUSI3JJTP 1% SIUSTIIAU Jo qeidn Jue(d puw 330¥a 1891 TI0B 'PIRIL Jo BUNSN "9 3TqPL



given 1in Table 21. The relation between grain and drymatter
yields and applied fertilizers are shown in Fig.t11(a) for N,
t2(a) for P and 13(a) for K. It is obvious from the data
obtained that grain and straw yields have increased linearly
upto 180 kg/ha of N application. There was an increase 1in
yields uptoe 30 kg followed by a plateau and response to P
application. Thereafter a marginal increase upto 90 kg of P
application was evident. Potassium application increased
straw yield Tlinearly upto 25 kg. The grain yield did not
increase significantly due to K application. There was a
negligible increase in yields beyond this dose. The means of
grain and straw yields averaged at each level N, P and K

application are given in Table 36.

5.3.3.1.1. OPTIMISATION OF FERTILIZERS USING MULTIPLE
REGRESSION EQUATIONS

Yield is a function of soil and fertilizer N, P and
K at optimum levels of other production components. Multiple
regression procedures offer a scope to quantitatively
evaluate the effects of production variables., The R* values
of multiple regression equations of grain yield with soil,
fertilizer and their interaction variables were found to be
0.93 (*x) for equation with organic carbon, 0.93 (%x) with

KMNnO4 N, and 0.89 (%%x) with calcium hydroxide N combinations.
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Hence, the fertilizer adjustment equations for attaining
maximum yield, maximum profit, and a desired rate of return
(in the present case 1:2) have been derived for estimating
optimum fertilizer doses for varying soil test values. The
respongse types of fertilizer N, P and K variables were found
to be (+ - -) for their linear, quadratic and interaction
terms with soil nutrient variables. The fertilizer adjustment
eguations for varying soil test values are given in Table 27.
The fertilizer adjustment equations are valid for the range
of soil test values as observed in the experiment viz., 0.06
to 0.73 percent organic carbon, 94 to 436 kyg/ha KMnO4 N, 75
to 349 kg/ha Ca(OH)2 N, t1 to 50 kg/ha OQOlsen’s P and 134 to
211 kg/ha ammonium acetate K. The fertilizer doses derived at
an average soil test value of each nutrient were found to be
meaningful and were within the doses experimented. The
fertilizer adjustment equations based on the s0il N with
KMNnO4 combination were found to be having a better adjustment
of fertilizer N with lower fertilizer doses for varying soil
N than those derived under combinations of the other two soil
N methods. These doses derived for maximum yield, maximum
profit and a desired rate of return can be used for making

vield prediction using a multiple regression equations.
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5.3.3.2. WARANGAL CENTRE

The soil at Warangal location was found to be more
comparitively more fertile as indicated by a higher mean
grain yield of 3297 kg/ha over different fartilizer
treatments with a coefficient of variation of 9.3 % with the
variety ‘Yerramallelu (WGL-20471)’. The highest mean grain
yield was recorded in T14 treatment (120-60-30) which was
3915 kg/ha. The plant uptake of N ranged from 26.9 and 145.8
kg/ha with a mean of 63 kg/ha, while the P uptake ranged from
3.8 and 10 kg/ha, with a mean of 6.5 kg/ha. The K uptake
varied from 28.3 and 60.3 kg/ha with a mean of 39.3 kg/ha.
The mean plant uptake of N, P and K were found toc be 62.9,
6.5 and 39.3 kg/ha with a coefficients of variation of 30.5,
12.3 and 12 % respectively. Available N by KMnQO4 method
provided a good index of soil test value at this location
with a mean of 202 kg/ha. The ‘'Total N’ averaged over
different treatments under replications was recorded as
1309.7 kg/ha with a coefficient of wvariation of 9.7 %.
Higher yields obtained at this centre are possibly due to
even rainfall distribution coupled with better native soil
fertility status and heavier texture of the soil as compared
to Jagtial soils which are comparitively light textured. The
analysis of grain and straw yields indicated that the applied

fertilizer treatments are significantly different from each
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other 1in their effects on crop vields as given in Table 22.
The replicated data for grain yield and other parameters
recorded at this location are given in Appendix 7.

The relation between grain and drymatter yields and
applied fertilizers are depicted in Fig.11(b) for N, 12(b}
for P and 13(b) for K. It is obvious that grain and straw
vields increased linearly upto 189 kg/ha of N application.
There was an increase in yields upto 30 kg followed a plateau
for P application. Thereafter a marginal increase 1in grain
upto 90 kg of P application was recorded. In respect of K,
the straw yield increased linearly upto 25 kg of application.
The grain yield did not increase significantly to applicatiocn
of K. There was a negligible increase 1in yields beyond
application of 25 kg/ha. The grain and straw yields averaged

at each level N, P and K application are given in Table 37,

5.3.3.2.1. PROSPECTS FOR OPTIMISATION OF FERTILIZER USE

The coefficient of predictability (R® values) of
multiple regression equations of grain yield with soil,
fertilizer and their interaction variables were observed to
be 0.96 (xx} for equation with organic carbon, 0.91 (*x%) with
KMNnO4 N, and 0.85 (*x) with calcium hydroxide N combinations.
Hence, the adjustment equations of fertilizer for attaining

different levels of yield viz., maximum yield, maximum
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profit, and a desired rate of return (say 1:2) were derived
for computing optimum fertilizer doses for varying soil test
values. The response types of fertilizer N, P and K variables
were found to be (+ - =) for their linear, quadratic and
interaction terms with soil N, P and K variables. The
adjustment equations of fertilizer N, P and K for varying
soil test values are given in Table 30. These equations are
vatlid for the range of soil test values as observed 1in the
experiment viz., 0.12 to 1.05 percent organic carbon, 142 to
351 kg/ha KMnOg N, 115 to 281 kg/ha Ca(OH)a N, 44 to 87 kg/ha
Olsen’s P, and 4386 to 628 kg/ha ammonium acetate K. The
fertilizer doses derived at an average soil test value of
each nutrient and were meaningful and within the doses
experimented. The fertilizer adjustment equations based on
the s0i1 N with KMNOy4 combination were found to be having a
better adjustment of fertilizer N with lower fertilizer dosas
for wvarying soil N than those derived under combinaticns of

the other two s0il1 N methods.

5.3.3.3. RICE RESPONSE TO APPLICATION OF FERTILIZERS

The results have clearly indicated that the crop
responded positively to the appliication of different doses of
N and K at Warangal, and N, P and K fertilizers at Jagtial as

presented 1in Table 25. A positive response was recorded at
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Warangal for application of N upto 120 kg/ha which diminished
as the fertilizer dose increased. The mean response (kg/ha)
to N (response ratio (kg/kg)) was 248.9 (6.2) at 40 kg/ha,
179.2 (3.0) at 60 kg/ha and 179.2 kg/ha (1.5 kg/kg) at 120
kg/ha. The response to P was found to be negative at all
levels. The response to K was found to be positive at 5 and
30 kg/ha application, which were 151,3 (30.3) and 270.8 kg/ha
(9.0 ka/kg) respectively. There was no response to K at other
levels of K application which may be due to inconsistent
responses of K and also due to better native soil fertility
status of K.

There was a positive response to N, P and K
application at Jagtial centre. While there was a negative
response to N application at 40 kg/ha, the response was found
to be positive at 60 and 120 kg/ha which were 466.2 (7.8) and
1204.9 kg/ha (10.0 kg/kg) respectively. P responded
positively at all levels viz., 30, 60 and 90 kg/ha. The
responses were 543.5 (18.1), 634.4 (10.6) and 632.8 kg/ha
(6.9 kg/kg) at the above three levels respectively. The
response to K was not consistent, as it was positive at 20,
45 and 50 kg/ha which were 1264.4 (63.2), 238.2 (5.3} and
46.3 kg/ha (0.9 kg/kg) and negative at all other Jlevels.
However, from the field experimental data the surmises which

can be drawn are that at Warangal response to K application
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was evident upto 30 kg/ha, whereas at Jagtial upto 45 kg/ha
in a few treatment combinations. The yield responses were
found to be higher at Warangal than at Jagtial. The responses
of rice to the application of N, P and K fertilizers are
shown in Fig.22(a), 22(b) and 22(c) respectively. The figures
clearly show the mean responses as discussed above using the
data of yields obtained at different treatments as described

in Table 24 for Jagtial and Table 26 for warangal.

5.3.3.4. RELATIONSHIP BETWEEN PLANT UPTAKE AND FERTILIZER
N, P AND K NUTRIENTS

5.3.3.4.1. JAGTIAL CENTRE

A Linear increase in plant uptake of N, P and K was
observed at differnt levels of fertilizer application at both
Jagtial and Warangal soils. These trends are shown in
Fig.18(a), 20(a) and 21(a) for Jagtial. The mean uptake of N,
P and K at each level of fertilizers are given in Table 36
separately for each nutrient. It was observed that the uptake
of N ranged between 24 to 127 kg/ha (with a mean of 71
kg/ha), uptake of P from 3.7 to 13.3 kg/ha {(with a mean of 8
kg/ha}, and uptake of K from 16.6 to 65.1 kg/ha (with a mean
of 44.5 kg/ha) at Jagtial location. The mean uptake of N at
different levels of fertilizer N application were 49, 67, 72

and 110 kg/ha at 60, 80, 120 and 180 kg/ha of fertilizer N as
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against the mean uptake of control plots of 40 kg/ha. The
mean uptake of P was found to be 8.8, 7.8 and 11.7 kg/ha at
30, 60 and 90 kg/ha as against the control uptake of 6 kg/ha,
The mean uptake of K was 55, 41, 45 and 52 kg/ha at 25, 30,
50 and 75 kg/ha as against the mean control uptake of 36
kg/ha. This ds8 in confirmity with the work of Agarwal and

Ramamurthy (1978) and Reddy et al-(1987).

5.3.3.4.2. WARANGAL CENTRE

A Linear increase in plant uptake of N, P and K was
observed at different 1levels of fertilizer N, P and K
application in Warangal soils. The response trends are shown
in Fig.19(b), 20(b) and 21(b). The mean uptake of N, P and K
at each level of fertilizers are given in Table 37 separately
for N, P and K nutrients. The uptake of N was found to range
between 26.89 to 145.8 kg/ha (with a mean of 62.9 kg/ha),
uptake of P from 3.8 to 10 kg/ha (with a mean of 6.5 kg/ha},
and uptake of K from 28.3 to 60.3 kg/ha (with a mean of 39.3
kg/ha). The mean N uptake at different levels of N
application were 47, 60, 74 and 53 kg/ha at 60, 80, 120 and
180 kg/ha of fertilizer N as against the mean uptake of 38
kg/ha in control. The mean P uptake was found to be 5.8, 6.9
and 6.3 kg/ha at 30, 60 and 90 kg/ha as against the control

uptake of 6 kg/ha in control. The mean uptake of K was 38,
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34, 41 and 38 kg/ha at 25, 30, 50 and 75 kg/ha as against the
mean control uptake of 37 kg/ha in control, The values of
uptake of N, P and K nutrients have thus clearly indicated
that the plant uptake can tinearly and significantly be
increased with an increase in application of fertilizers at

both Jagtial and Warangal.

5.3.4. FERTILIZER READY RECKONERS BASED ON ADJUSTMENT
EQUATIONS

Using the fertilizer adjustment equations derived
from Jagtial and Warangal locations, ready reckoners have
been developed for varying soil test values. The ready
reckoners are given 1in Table 28 based on the adjustment
equations derived from muitiple regression equations without
interaction terms, Table 29{(a), Tabte 29(b) and Table 29(c)
based on equations with interaction terms of the three
combinations of s0il N methods for Jagtiai. Similar
information of the Warangal location is given in Table 28,
Table 31(a}, Table 3t1(b) and Table 31(c) for Warangal. For
Jagtial soils, the fertilizer doses were found to be with in
the doses experimented in these soils. It was observed that
optimum fertilizer N doses were higher with the equation
using organic carbon (%) when compared to those of KMn0O4 and

Ca({OH}2 equations. The optimum P fertilizer doses were found
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to be almost same when derived using any of the regression
equations calibrated and adjustment equations derived using
OC (%) or KMnOy or Ca(OH)y combinations. The K fertilizer
requirement was found to be negligible when used with any of
the fertilizer adjustment equations. The N, P and K
fertilizer adjustment equations are given below for Jagtial

s0ils for varying soil test values (with KMnO4 combination)

FN = 129 - 0.50 SN - 2.50 R

FP O = 75 - 0.82 SP -~ 2.84 R
25

FK O = 28 - 0.19 SK - 0.40 R
2

For Wwarangal 1location also the same trends were
observed, i.e., a higher dose based on crganic carbon (%)
equation when compared to KMnOy or Ca(OH)j equations. P and K
fertilization were als® necessary for either yield

maximisation, or maximum profit or a desired rate of return.

FN = 166 - 1.00 SN - 7.14 R

FP O = 38 -~ 1.11 8P - 1,43 R
2 5

FK O = 40 - 0.06 SK - 0.39 R
2

Using these equations fertilizer ready reckoners
have been worked out for Warangal soils and are given 1in
Tables 31(a), 3t(b) and 31(c). The ready reckoners indicate
that the optimal fertilizer doses were more meaningful under
adjustment equations derived with KMnO4 combination than the

other two methods for attaining either maximum yield, or
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maximum profit or a desired rate of return. This 1is 1in
confirmity with the work of Renuka Rao (1990) who indicated

that KMNO oxidisable N as a better index of available N for
4

rice in black clay lcam soils of Warangal.

5.3.5. FERTILIZER RECOMMENDATIONS FOR TARGETTED
YIELDS OF RICE

Soils do not contain the essential plant nutrients
in adequate guantities and proportions required by many
agricultural crops, Liebig 's Law of Minimum states that
growth of a plant is limited by plant nutrients present 1in
the smallest quantity, all others being present in adequate
amounts. The principle of fertilizer recommendation for
targetted yields based on soil testing has been enunciated
and tested under the A1l India Coordinated Soil Test Crop
Response Correlation Project by Ramamoorthy et al.. (1967).
This approach which 1is based on the removal of definite
quantities of nutrients for unit quantity of grain
production, contribution of so0il and fertilizer nutrients
towards this removal, provide a means of working out a
balance between the available nutrients in soil on the one
hand and the requirement of fertilizer based on the needs of

crop on the other.



The concept of yield targetting for varying soil
test values was advocated by Ramamoorthy and Velayutham
(1974), Bhattacharya and Rudra (1977), Dev et al. (1978},
Prabhakar (1983), Bhaskaran (1983) who derived targetted
yield equations for different crops. The applicability of
recommending fertilizer doses for desired yield targets under
different soil fertility classes in farmer’s fields and its
usefulness in terms of net profit over general recommended
dose was demonstrated by Sekhar et al (1976), Tandon (1970),
Ramamoorthy et al-(1975), Dev et al (1978), Velayutham (1982)
Rani Perumal et al.{1984).
5.3.5.1. BASIC DATA AND TARGETTED YIELD EQUATIONS FOR RICE

The basic data viz., nutrient reguirement (NR),
contribution from soil {(C8) and contribution from fertilizer
(CF) have been estimated from the whole field (with 42
plots), and also with the yield-maximum plots (12 plots)
using the Conventional procedure as developed in the Soitl
Test Crop Response Correlation Project. The estimates have
also been derived with the data from 14 plots (means of 3
replications) using an alternative procedure developed in the
STCR Project viz., Simultaneous estimation procedure of soil
and fertilizer efficiencies.

It was observed from these studies that the

fertilizer quantities required to be applied for rice were
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lower under the Simultaneous procedure than those undetr the
Conventional procedure for all the three nutrients. The
estimates of soil and fertilizer N and K contributions or
efficiencies were higher under the Conventional procedure,
while for P, the estimates were found to be higher under the
Simultaneous procedure at both Jagtial and Warangal centres.
The basic data and targetted yield equations using

the whole field data for the two locations are as follows

Basic data Targetted yield equation Response
NR CS CF ratio

1. Warangal : Conventional (Whole-field)

N 1.82 44.4 143.7 FN = 10.32 T - 1.28 SN

P 0.22 4.8 5.8 FP O = 3.62 7T - 0.89 SP 4.5
25

K 0.18 12.3 16.9 FK O = 8.51 T -~ 0.40 8K
2

2. Warangal : Simultaneocus (whole-field)

N 1.79 27.0 34.2 FN = 5,52 T - 0.79 SN

P 0.20 14.0 12.4 FP O = 1.60 T - 1,13 8P G.8
25

K 1.21 8.5 15.9 FK ¢ = 7.59 T - 0.54 SK
2

3. Jagtial : Conventional {(whole-field)

N 3.21 22.4 35.4 FN = 9,08 T - 0.63 5N

P 0D.81 17.5 17.9 FP O = 4.51 T - 2.31 SP 5.8
2 5

K 2.43 12.0 64.1 FK O = 3.79 T -~ 0.23 8K
2

4, Jagtial : Simultaneous (whole-field)

N 3.30 27.2 46 .7 FN = B6.85 T - 0.58 SN

P 0.35 32.8 15.1 FP O = 2.33 T - 2.17 8P 6.7
2 5

K 1.97 26.3 33.2 FK O = 5,93 T - 0.79 8K
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While a higher soil N efficiency was observed at
Warangal, higher soil P and K efficiencies were observed at
Jagtial centre. The nutrient requirements of N, P and K also
were found to be higher at Jagtial location than at Warangal
location as described 1in Tables 32 and 33. The response
ratios (kg/kg) for attaining different yield tfargets were
found to be 5.8 (whole~field) to 7.9 (yield-maximum plots)
under Conventional method and 6.7 (whoTé-field) to 8.4
(yield-maximum plots) under Simultanecus method at Jagtial,
which indicate that a high response to application of
fertilizers can be obtained in these soils. Similarly, the
response ratios were found to be 4.5 (whole field) to 5.2
(yield-maximum plots)} under Conventional method, 6.8 (whole-
field}) to 7.8 (yield-maximum plots) under Simultaneocus
method, which indicate that a good response can be obtained
by use of chemical fertilizers. The basic data and targetted
yield equations were found to be converging with the results
as obtained by different workers earlier for these soils, and
also with those as obtained in the Soil Test Crop Response
Correlation Project from time to time. Saravana Pandian and
Rani Perumal {(1993) obtained higher yield response with 100
kg N/ha for rice and a similar trend was reported by Biswas

and Bhattacharya (1987).
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5.3.5.2. READY RECKONERS FOR FERTILIZER RECOMMENDATION BASED ON
SOIL TESTS FOR DIFFERENT YIELD TARGETS

Based on the ready reckoners worked out for both
warangal and Jagtial centres, it is possible to optimise soil
test based Tertilizer doses for attaining different vyield
targets of rice upto 45 g/ha in Warangal and upto 35 g/ha 1in
Jagtial soils. These data and their analysis have indicated
that to attain an yield level of 30-35 g/ha the available N
content of soil as estimated by KMNnO4 has to be maintained at
220 kg/ha. Requirement of P fertilization through fertilizers
at 40 kg/ha was identified from the studies at Warangal.
Application of 40 kg P/ha is essential to obtain rice yield
of 30 to 35 q/ha as determined by the Conventional procedure,
However, there was no fertilizer P requirement beyond 20
kg/ha of soil P based on the equations as derived under the
Simultanecus procedure. The requirement of fertilizer P
application (as well as N and K) were lower with estimates
employing Simultaneous procedure than those derived under
Conventional procedure.

Thus, it is obvious from the above that there is a
need for P fertilization to realize higher yields of rice
since response to P fertilization is evident upto 60 kg/bha.
The critical available P content is 20 kg/ha below which

Tevel fertilization is essential for realizing higher yields.
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The fertilizer requirement as estimated under the
Conventional procedure was comparitively higher than the
estimates obtained by adopting the Simuitaneocus procedure. If
the soil available K is less than 500 kg/ha there is a need
for K fertilization as estimated with either Conventional or
Simultaneous procedures. The need of fertilizer K emerges
when either soil K 1is lower than 500 kg/ha or when the

targetted yields are higher than 35 g/ha.

5.3.6. PREDICTION OF POST-HARVEST SOIL TEST VALUES
5.3.6.1. JAGTIAL CENTRE :

Based on the analysis of variance (ANOVA) of soil
test values <collected at the panicle initiation and post~
harvest stages from each piot 1t was observed that the
effects of fertilizer treatments were significantly different
from each other. The mean soil available N (kg/ha was found
to be higher at the post-harvest stage (157.8) when compared
to the panicle initiation stage (109.4). The coefficient of
variation of soil N under all the three methods viz., organic
carbon, KMnOj and Ca(OH)j, methods was found to be around 31 %
at panicle initiation stage and around 33 % at post-harvest
stage, thus indicating a build-up of s0il N at post-harvest
stage of crop growth as given in Tables 18 and 21. The mean

organic carbon (%) was found toc be 0.29 with a C.vV. (%) of 29
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at post-harvest stage as against 0.21 with a C.Vv. (%) of 28.1
at panicle 1initiation stage thus indicating a build-up of
organic carbon. Simitarly, the mean soil N (kg/ha based on
Ca(OH) at post-harvest stage was found to be 126.3 with a
C.V. (%) of 32.9 as against 86.1 with a C.V. (%) of 28.7 at
panicle initiation stage, thus showing a build-up of soil N.
The relations between organic carbon at panicle initiation
and post-harvest stages at different levels of fertilization
are given in Fig.14(a). Simitar relations for s0il N by KMNOg
and Ca(OH)z methods are given in Fig.15(a) and 16{(a}). The
relations of s0il test values of Olsen’s P with fertilizer P,
and ammonium acetate K with fertilizer K are given in
Fig.17(a) and 1t8(a) respectively. The average s0il test
values from plots which received same Tevel of fertilizer
dose have been worked out and are given in Table 36 which
indicated that the soil test values 1increased with the
increase in fertilizer dose.

The coefficient of variation decreased in the case
of e0il1 P and K contents from the panicle initiation to the
post-harvest stages, although there was a build-up in soil P
while there was a depletion in soil K status.
5.3.6.2. WARANGAL CENTRE :

From the Tables 20 and 22, it 1is observed that

there was a build-up of s0il N based on all the three methods

25%



26§

(ey/by) N 19zynuad
081 02l 09 0

\m

£0

0
o

(%) uoquea auebip

i
o

1SoAlRY-1SOd 5 UONEIIU] 3jdjued

6°0

966} Jlreyy buninp jebuesep je
90U Ul N J9zIjil8) pue N j1os usamlaq uonelay *(q)vL bi4



5

(ey/B)) N 1azijinied
08l ocl 09 0

Qo
N
N

=)
2
(ey/bB)) N s1euebuewsad suje)y

1S9AlRY-1SOd ¢ UONEINUl a|dlued -y

09¢

9661 jirey burinp jebuesep e
90l Ul N J19Z||143) pue N |los udamiaq uolje|ay "(q)sL b1



25%F

(ey/bBx) N 19zii404
08l ocl 09 0

(ey/B)) N epixoipAy wnioje)

...................... 1S9nleY-1SOd 5 UoONlellUl d[dolued o |06

966 juey) bunp jebuesep e
9011 ul N 19z)j1149) pue N |10S usam}aq uoljelay "(q)9-bi4



of so0il N viz., organic carbon, KMnO4 and Ca(OH)Z methods.
The mean Soil N (ka/ha) based on KMnO4 method was found to be
201.7 (C.V. (%) of 12.9) as against 137.7 (C.V. (%) of 10.5).
The mean values of organic carbon (%) were 0.64 (C.v. (%) of
24.3) at post-harvest stage as against 0.48 (C.v. (%) of
24.5) at panicle initiation stage. Similarly, the mean soil N
{kg/ha) based on Ca(OH)z. method were found to be 161.6 (C.V,
(%) of 12.7) as against 112.4 (C.V. (%) of 10.7) at panicle
initiation stage. Thus it is observed that there is a clear
build-up of s0il N by all the three methocds from panicle
initiation to post-harvest stage.

In respect of soil P, there was a build-up from the
panicle initiation to the post-harvest stage with a mean soitl
P of 27.9 and 30.4 kg/ha. Similarly, there was a build-up of
soil K from 516.7 at panicle initiation to 578.1 kg/ha at
post—-harvest stage.

The relations between organic carbon at panictle
initiation and post-harvest stages at different 1levels of
fertilization are given in Fig.t4(b). Similar relations for
s0il N by KMnOh and Ca(OH)g methods are given in Fig.15(b)
and 16(b). The relations of soil test values of Olsen’s P
with fertilizer P, and ammonium acetate K with fertilizer K
are given in Fig.17(b) and 18(b) respectively. The means of

s0il test values from plots which received the same level of
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fertilizer dose have been worked out and are given in
Table 37, which clearly indicate that the soil fertility
status improved due to increase in the fertilizer
application.

The survey data and results has also indicated that
the farmer's were getting higher yields in Warangal district
which 1is c¢leariy reflected in the experimental data and
results of this centre. It was also observed that the soil
fertility was higher in the so0ils of Warangal district when
compared to the soil fertility of the other three districts
in the command area of Sreeramsagar project.
5.3.6.3, PREDICTION EQUATIONS OF POST-HARVEST SOIL TEST

VALUES

As indicated by the data and results of soil
fertility status at both Jagtial and Warangal locations, the
soil fertility interms of available N, P and K has changed
from the panicle initiation to the post-harvest stages.
Significant correlations were found to exist between the soil
test values of N, P and K nutrients as observed at these two
stages at both Jocations. The correlations of so0il test
values at panicle initiation and post-harvest stages were
found to be 0.81 (%¥x) for organic carbon, ©0.88 (%x%x) for
KMnQ4, ©0.77 (*x) for Ca(OH)3, 0.87 (*x) for Olsen’s P, and

0.79 (xx} for ammonium acetate K at Jagtial. These estimates
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for Warangal were 0.83 (*%), 0.91 (*xx), 0.81 (**x), 0,82 (xx),
and 0.89 (*x) respectively for all the above pairs of
variables. The estimates of corretation are given 1in Table
23(a). A1l the correlations were higher at Jagtial than at
Warangal except for Olsen’s P.

The regression equations of post-harvest soil test
values through soil test values observed at panicle
initiation stage, fertilizer doses applied and grain yield
attained have been calibrated and are given in Table 23 (a).
A high and significant predictability (R?*) was observed for
soil N, P and K nutrients at both locations. The values of
predictability were found to be 0.85 (%x%) for organic carbon,
0.91 (*x) for s0il N (KMnhOg4), 0.81 (*x) for soil N (Ca(OH)2),
0.82 (xx) for soil P and 0.78 (xx) for soil K at Jagtial
location. These values for Warangal were 0.89 (*x), 0.91%
(xx), 0.81 (**}, D.79 (*x%)} and 0.86 {(*x%x) respectively. Thus
the equations have clearly indicated that it is possible to
predict post-harvest soil test values of N, P and K nutrients
through soil test values as observed at panicle initiation
stage. The regression coefficients of soil N, P and K
variables of panicle initiation stage of both Jagtial and
Warangal were highily significant at 1 % level of significance
for predicting post-harvest soil test values, and hence

further deriving fertilizer recommendations for attaining
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different levels of yields. These results are also in
confirmity with the data and results as observed 1in the
survey of rice soils of Sreeramsagar project command area of
all the four districts. The experimental results have also
indicated that prediction post-harvest soil N based on
atkaline permanganate method through the soil test values of
the panicle initiation stage were higher when compared to the
predictions based on the organic carbon and calcium hydroxide

methods.

5.4, FERTILIZER RECOMMENDATIONS FOR SREERAMSAGAR PROJECT
COMMAND AREA

The survey results of four districts of
Sreeramsagar project and the results of experiments conducted
at Jagtial and Warangal have been compared and it is observed
that the experimental results can be extended to the farmers
fields and hence have inherent practical utility. The results
that can be extended to the surveyed soils are fertilizer
prescription based on soil test values for maximum and
economic yields, a desired rate of return and targetted
yields based on predicted post-harvest soil test values
through s0il test wvalues as observed at the panicle

initiation stage.
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§.4.1. PREDICTION ©OF POST-HARVEST SOIL TEST VALUES FOR
FERTILIZER RECOMMENDATION

From the experimental study and results of Jagtial
and Warangal, regression eguations have been developed for
predicting post-harvest soil N, P and K nutrients through
available soil test values obtained either at initial or
panicle initiation stages with a high and significant degree
of predictabiiity (R®*) as given 1in Table 23 {a). The
coefficients of predictability were found to be ranging
between 0.79 and 0.9t for N, P and K prediction at both
locations., After predicting the soil test values, the optimum
fertilizer doses can be derived using different fertilizer
adjustment equations calibrated for attaining max imum,
economic and targetted yields. The fertilizer adjustment
equations developed for Jagtial and Warangal are given 1in
Tables 27 and 30 which can be used for the soils of the area
surveyed for deriving optimum fertilizer doses. Dhillon et al
{1878) have shown that precise fertilizer recommendation can
be made based on s0i11 test values to get maximum yield,
maximum profit and maximum marginal return on fertilizer
investment wusing multiple regression eguations which have a

higher and significant R?* value.
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Table 29{d}. Fertilizer N, P and K schedule based on so0il test values for
maximua yield, maximum profit and a desired rate of return of
rice in Karimnagar soils under Sreeramsagar Project Cosmand Area

-

ks iy e i . e e AL L D Ak ol L i e . o . Y TP T A

(Using Equation 5 of fertilizer adjustment equations)

i A e A

Optimum fertilizer doses (kg/ha) for attaining

T T ki e ok e o e

e ——

e e ok ke e e e o TR R B A T T S AL S8 i g T T T ey

OC-N OL-P
0.10 5
0.15 10
0.20 15
0.25 20
0.30 25
0.35 30
0.40 35
0.45 40
0.50 45
0.55 50
0.60 55
0.65 60

125
130
135
140
145

N P K
242 68 9
204 65 5
166 63 2
128 60 0

90 58
52 55
14 53
0 50
48
45
43
40

Maximum profit DRR
| K N P K
59 8 203 5650 7
56 5 165 48 4
54 1 127 45 1
51 0 89 43 o
49 51 40
46 13 38
44 0 35
41 33
39 30
36 28
34 25
K| 23

Maximum yield (kg/ha)
Maximus profit (Rs/ha)
DRE : Desired rate of return (DRR = 1:2)

Fertlizer adjustment equations :

FN
FP205
FK20

318 - 760 8N - 12.
70 - 0050 SP - 50
67 - 0.65 sp - 0.

50 R
00 R
65 R

OL-P :

: Organic carbon (%)
Oleen’s P (kg/ha)
AM-K : Ammonium acetate K (kg/ha)
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Table 29{e). Fertilizer N, P and K schedule based on so0il test values for
maximum yield, maximum profit and a desired rate of return of
rice in Karimnagar soils under Sreeramsagar Project Command Area

ke — " o 3 1o = o Sy A .y e ke S L e SR L AR S S —

{Using Equation 6 of fertilizer adjustment equations)

————— —n v T b i ————

-—— e

L . v e L e R e e e . e L S e P Y S

Soil teat values Maximum yield Maximum profit DRR
KM-N OL-P AM-K N P K N P K N P K
75 5 90 92 71 11 88 66 11 B4 61 10
100 10 95 79 67 10 75 62 10 71T 57 9
125 15 100 67 63 9 63 58 9 59 53 &8
150 20 105 54 59 8 50 54 8 46 49 8
175 25 110 42 55 7 as 49 7 34 44 7
200 30 115 29 50 6 25 45 6 21 40 6
225 35 120 17 46 5 13 41 5 9 36 5
260 40 128 4 42 4 0 37 4 0 32 4
275 45 130 0 38 3 33 3 28 3
300 50 135 34 2 28 2 24 2
325 55 140 30 H 25 1 20 1
350 60 145 26 0 21 0 i6 0
Maxiwum yield (kg/ha) EM-N : Alkaline permanaganate N (kg/ha)
Maximum profit (Rs/ha) OL-P : Olsen’s P (kg/ha)

DRR : Desired rate of return (DRR = 1:2) AM-K :

Fertliger adjustment equations :

FN
FP205
FR20

129 - 0.50 8N - 2,50 R
75 - 0.82 3P -~ 2,94 R
28 - 0.19 8P - 0,40 R

o

Ammonium acetate K (kg/ha)
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5.4.2. FERTILIZER RECOMMENDATION FOR MAXIMUM YIELD, PROFIT
AND DESIRED RATE OF RETURN

The fertilizer recommendations for maximum yield,
maximum profit and a desired rate of return have been derived
for the Sreeramsagar Project command area by using the
fertilizer adjustment egquations deveioped for Jagtial and
Warangal Jlocations and are given in Tables 29(d) and 29(e)
for the soils of Karimnagar district, and Tabtes 31(d) and
31(e) for Warangal district. From Table 29(d), as a package
for soils of Karimnagar district, it can be prescribed that a
farmer has to apply fertilizer N, P and K doses of 52, 60 and
9 kg/ha at available soil test values of 0.35 (%) organic
carbon, 20 kg/ha of soil P, and 90 kg/ha of soil K for
attaining a maximum yield. At the same level of soil test
values, for attaining maximum profit, a farmer has to apply
32, 51 and 8 of N, P and K fertilizer doses. Similarly, at
the same Tevel of soil fertility, the fertilizer N, P and K
doses for a desired rate of return (say 1 : 2) are 13, 43 and
7 kg/ha respectively. The optimum fertilizer N, P and K at
soil test values of 175, 25 and 110 N, P and K based on KMnO4
N, Olsen’'s P and ammonium acetate K methods are 42,55 and 7
for attaining maximum yield, 38, 49 and 7 for maximum profit,
and 34, 44 and 7 kg/ha for desired rate of return

respectively. The fertilizer doses derived are lower and more
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Table 31{(d). Fertilizer N, P and K schedule based on s0il test values for
maximum yield, maximum profit and a desired rate of return of
rice in Warangal soils under Sreeramsagar Project Command Area

(Using Equation 5 of fertilizer adjustment equations)

e A e o L ke e U S B ik e A b il - -

e e e R ML A ks e ke e - -

Optimum fertilizer doses (kg/ha) for attaining

T T ;e

S0il test values Maximum yield Maximum profit DRR
OC-N OL-P AM-K N P K N P K N P K
0.3 4 100 111 65 21 92 61 21 73 57 21
0.5 8 130 102 61 20 84 57 19 65 53 19
0.7 12 160 94 57 18 75 53 18 59 43 18
0.9 16 190 86 53 17 67 49 16 48 45 16
1.1 20 220 78 19 15 89 45 15 40 41 0
1.3 24 250 0 45 14 51 41 13 32 87
1.5 28 280 61 41 12 412 37 12 24 33
1.7 32 310 53 37 11 34 33 10 15 29
i.9 38 340 45 33 9 26 29 9 7 25
2.1 40 370 37 29 8 18 25 7 0 21
Maximum yield (kg/ha) 0C-N : Organic carbon (%)
Maximus profit (Rs/ha) OL-P ;: Olsen’s P {kg/ha)

DRR : Desired rate of return (DRR = 1:2) AM-K : Ammonium acetate K {kg/ha)

Fertilizer adjustment equations :

FR = 123 - 41.10 SN - 12,00 R
FP205 = 69 - 1.00 SP - 2.38 R
FK20 = 26 - 0.05 3K - 0.23 R



Table 31{e}. Fertilizer R, P and K schedule based on soil test values for
maximum yield, maximum profit and a desired rate of return of
rice in Warangal soils under Sreeramsagar Project Command Area

{Using Equation 6 of fertilizer adjustment equations)

—

Optimum fertilizer doses (kg/ha) for attaining

. ke . e i e . v o ot e e W S i ek . S et e L Al b —— e

Soil teat values Maxisum yield Maxisum profit DRE

KM-N OL-P AM-K N P K N P K N P K
100 4 100 66 34 34 55 31 34 44 29 33
120 g8 130 46 29 32 a5 27 32 24 24 32
140 12 160 26 25 30 0 22 30 0 20 30
160 16 190 0 20 29 18 28 15 28
180 20 220 16 27 13 27 11 26
200 24 250 11 25 g 25 0 24
220 28 280 ¢ 23 0 23 23
240 32 310 21 21 21
260 36 340 20 19 19
280 40 370 0 0 0

Maxisum yield {kg/ha) KM~N : Alkaline permanaganate N (kg/ha)

Maximuam profit (Rs/ha) OL-P : Olsen's P (kg/ha)

DRR : Desired rate of return (DRR = 1:2) AM-K : Ammonium acetate K (kg/ha)

Fertilizer adjustment equations :

FN
FP205
FK20

i n H

166 -
38 -
40 -

1.11 8P -
0.06 SK -

7. 14
1.43
0.39

oo
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economical when calibrated using the fertilizer adjustment
equations developed with KMnO4, Olsen’P and ammonium acetate
combinations. The above methodolgy and results are in
confirmity with the work of Soil Test Crop Response project
and also with the works of other research workers (Velayutham
et al. 1984, Ramamoorthy et al. 1974, Rani Perumal et al. 1984,
and Dev et al 1985).

The fertilizer doses for attaining maximum vyield,
maximum profit, and a desired rate of return (1t : 2) for the
so0ils of Warangal district under Sreeramsagar project command
using the fertilizer adjustment equations derived based on
the studies at Warangal are given in Tables 31{d) and 3i1(e).
The fertilizer N, P and K doses for attaining maximum yield
at an available soil test values of 0.9 (%) organic carbon,
20 kg/ha of Olsen’s P and 190 kg/ha of ammonium acetate K
were found to be 86, 49 and 17 kg/ha respectively. Similariy,
the fertilizer N, P and K doses at the same level of soil
fertility were found to be 67, 45 and 16 for maximum profit,
and 48, 41 and 16 kg/ha for desired rate of return as given
in Table 31(d}. The fertilizer N, P and K doses based on the
equations with KMnQq combination were found to be 46, 16, 29
for maximum yield, 35, 13, 28 for maximum profit, and 24, 11,
28 kg/ha at 120, 20 and 190 kg/ha s0il N, P and K test

values. The fertilizer doses have clearly indicated that they
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Table 34(a). Fertilizer N, P and K schedule for making fertilizer recommendation
for yield targets of rice based on soil test values for Karimnagar soils

under Sreeramsagar Project Command Area

WHOLE FIELD (Conventional)}

- — o o ke i o o o Ak M A Sy o AL Ak T 7 ol T o o o ok o A A gy o k. A e B e ol i

T=3(¢ {(q/ha) T=35 (g/ha)

Soil test values (kg/ha) Fertilizer doses {(kg/ha)
KMnO4-N OLSEN-P AMAC-K FN FP FK FN FP FK
70 4 90 228 126 93 274 149 112
110 10 140 203 112 82 248 135 100
150 16 190 178 98 70 223 121 a9
190 22 240 153 84 58 198 107 77
230 28 290 128 71 17 173 93 66
270 M 340 102 57 35 148 79 54
310 40 390 77 43 24 122 65 43
350 46 440 52 29 12 97 52 a
380 52 490 27 15 1 72 as 20
430 58 540 2 1 0 47 24 8

T T A e e T

FN = 9.08T ~ 0.63 SN

FP205 = 4.51 T - 2,31 8P

FR20 = 3.79 T - 0.23 SK
YIELD MAXIMUM (Conventional)

70 4 90 146 96 78 175 113 94
110 10 140 127 84 67 157 101 a3
150 16 190 109 72 55 139 89 71
190 22 240 90 60 43 120 78 60
230 28 290 72 48 32 102 66 48
270 34 340 54 36 20 a3 54 37
310 10 390 35 25 9 85 42 26
350 46 440 17 .13 0 47 30 14
390 52 490 0 1 28 18 2
430 58 540 0 10 6 0

FN = 5,93 T - 0.46 8N
FP205 = 3.46 T - 1.98 8P
FK20 = 3.29 T - 0.23 8K
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Table 35{a). Fertilizer N, P and K schedule for making fertilizer recommendation
for yvield targets of rice based on soil test valuee for Warangal soils

under Sreeramsagar Project Command Area

WHOLE FIELD {Conventional procedure)

A e e A e A W = g e e R e L L ey Al ek S ek S - —

T=35 (q/ha} T=45 (q/ha)

Soil test values (kg/ha} Fertilizer dosee (kg/ha)

KMn0D4-N OLSEN-P AMAC-K FN FP FK FN FP FK
100 5 100 233 122 258 336 158 343
130 10 140 195 118 242 298 154 327
160 15 180 156 113 226 Z260 150 1
190 20 220 118 109 210 221 145 295
220 25 260 80 104 194 183 141 279
250 30 300 11 100 178 144 136 268
280 35 340 3 96 162 106 132 247
310 40 380 o 91 146 68 127 231

LS AL S e e e el e e e D ok e e B e e ek ol oy e e g . e e e g . YT . T A T -

FN =10.32 T - 1.28 8N

FP205 = 3.62 T - 0.89 8P

FK20 = 8.51 T - 0.40 8K

YIELD MAXIMUM {Conventional procedure)

100 5 100 178 127 208 262 165 279
130 1¢ 140 142 122 193 227 160 204
160 15 180 107 117 178 191 155 248
190 20 220 72 112 163 156 160 233
220 25 260 a6 107 148 121 145 218
250 30 300 1 101 132 85 139 203
280 a5 340 0 86 117 50 134 168
310 40 aso a1 102 14 129 172

e e e e o A T A LA Ak S B o o e ok o e e e e . e T T ] . o b T =i o bl 2 i s e g

FN = 8.45 T - 1.18 8N
FP205 = 3.79 T - 1,04 SP
FR20 = 7.04 T - 0.38 SK



are lower and more economical based on the fertilizer
adjustment equations derived using combination of KMnO4 N,

Olsen’s P and ammonium acetate K methods,

5.4.3. FERTILIZER RECOMMENDATION FOR TARGETTED YIELD OF RICE
The basic data viz., nutrient reguirement (NR),
contribution from soil (CS) and contrbution from fertilizer
(CF) and fertilizer adjustment equations for attaining
different yield targets for Jagtial and Warangal Jlocations
have been computed and are given 1in Tables 32 and 33
respectively. Using these fertilizer adjustment equations,
optimum fertilizer doses for varying soil test values and for
attaining yield targets of 30 and 35 g/ha in the soils of
Karimnagar district, and 35 and 45 g/ha in the soils of
Warangal district of Sreeramsagar project command area have
been derived and are given in Tables 34(a) and 35(a)
respectively. As a package, the fertilizer N, P and K doses
for attaining a targetted yield of 35 ag/ha at available soil
test values (kg/ha) of 230 N, 28 P, and 290 K were found to
be 102, 66 and 48 kg/ha respectively based on the fertilizer
adjustment equations derived under yield-maximum method.
Similarly, the fertilizer N, P and K doses for
attaining an yield target of 35 g/ha in the soils of Waranga)

district with available soil test values of 190 N, 20 P and
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220 kg/ha of K were found to be 72, i12 and 163 kg/ha
respectively. The nmethodology and these results are in
confirmity with the results of Soil Test Crop Response

project and also with those of the previous research workers.

5.4.4, QUICK SOIL TESTS FOR ASSESSING SOIL FERTILITY IN SOIL

TESTING LABORATORIES OF ANDHRA PRADESH

Based on gquick soil tests of colour comparison for
organic carbon determination which is adopted in so0il testing
laboratories, it was observed that 88.7 % of soils under
different textures were found to be low (133 out of 150
samples) in all the four districts studied. This is followed
by 6 % in medium and 5.3 % in high soil fertility categories
in all districts irrespective of textures. The evaluation of
three methods of N revealed that 88.7 % samples were low in
visual colour comparitive method of OC as against 4 % low
under Walkley and Black’s titrimetric method, and 95 % low
under Subbiah and Asija method of soil available N in the
four surveyed districts irrespective of textures. This
indicated that alkaline permanganate method of so0oil N is a

good evaluator and index of N availability in rice soils,.
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Based on the Results and Discussions, the following
conclusions are drawn
1. The Sreeramsagar Project Command Area surveyed revealed
that red (alfisols and inceptisols) chalka and black
{vertisols) clay scils are predominanat groups.
2. The red soil which comprise of 65 % of the area were sandy
loam to loamy sand in texture. The black soil which comprise
of 35 % of the area were found to be clay lecam to silty clay
loam in texture,
3. Available N estimates based on KMnO4 oxidation was found
to be a good index of available Nitrogen in soils
surveyed.
4, For P and K soil tests, Olsen’s and ammonium acetate
extraction methods were found to be suitable so0il test
methods respectively for both survey and experimental soils.
5. Categorization of soil nutrient availability into low,
medium and high soil fertility groups based on survey data of
farmers fields was done at imitial, panicle initiation and
post~harvest stage of the crop to assess the soil fertility
and examine the basis of fertilizer recommendation. It was
found that 221 fields were low, 8 were medium and 1 was high
in Karimnagar district. The frequencies for the other
districts were 14, 1, 0 under L., M and H for Nizamabad, 25,

6, 0 for Warangal and 28, 2, 0 for Adilabad respectively.
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This indicated that most of the Rice fields (about 97 %
surveyed} are low te medium for all the three nutrients.

8. Rice yield obtained by farmers in SRSP surveyed ranged
from 12 to 52.8 q/ha in Karimnagar, 17.6 to 21 in Nizamabad,
16 to 42 1in Warangal and from 14 to 28 g¢q/ha in Adilabad
districts respectively.

7. High and significant correlation between initial and post-
harvest soil test values of the three nutrients in all the
four districts were observed. The estimates of correlation
were 0.83, 0.78, 0.72 for N, P and K at Karimnagar district,.
The values were 0.87, 0.84 and ©¢.61 at Nizamabad, 0.92, .82
and 0.73 at Warangal and 6.71, 0.90 and 0.93 at Adilabad for
N, P and K nutrients respectively.

8. Prediction of alkaline permanganate extracted N through
organic carbon content of so0ils were found to be significant
in all the four districts of Sreeramsagar Project surveyed

and so0il N prediction equations over all the so0il textures

are
* %
Karimnagar : KMnO4 = 152 + 12.78 OC (%)
* %
(R = 0,66 , o = 47,4 , C.V., (%) = 25.1)
* %
Nizamabad : KMnO4 = 288 - 59.81 OC (%)
* %
{R® = 0,60 , o= 72.8 , C.V. (%) = 34.4)
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Warangal : KMnO4 = 174 + 12?;5 oc (%)
(R%Z = 0.:: ) g = 43.8 , C.V. (%) = 23.8)
*K
Adilabad : KMnO4 = 125 + 68.99 OC {%}
(R® = O.:T s o= 32.7 , C.V. (%) = 15.8}

9, Quick so0il tests for organic carbon by colour comparative
method as adopted in soil testing laboratories were tested
with 150 soils and compared with routine scoil tests organic
carbon (Walkley and Black 1934} and available N method of
Subbaiah and Asija ({1956} and ratings were given texture wise
also and it is assessed from the results that gquick =so0il
tests were not reliable in more than 50 % of the cases
analysed and therefore cannot form the basis for fertilizer
recommendations.

The alkaline permanganate method is the reliable

and accurate for assessment of soil available N in survey

soils,
10. Two field experiments were conducted one at Jagtial
(alfiscols}) and the other at Warangal (vertisols) locations

during kharif 1986. At Jagtial, maximum grain yield was
recorded in T12 treatment (180 - 90 - 75) followed by T8 {120
- 90 - 50) treatment with 2701 kg/ha. The yield of rice (IR-
64 test crop) ranged from 2339 to 3691 with a mean of 2260

(5.D, of 661) kg/ha. The plant uptake of N ranged between
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24.1 to 126.9, P between 3.7 and 13.3 and K between 16.6 and
5.1 with mean (S.D.) of 70.9 (26.2), 8 (2.5) and 44.5 (12.3)Kplhe.
respectively.

11. At Warangal with Rice variety Erramallelu as test c¢rop,
Ti4 +treatment {120 - 80 - 30) recorded highest ¢grain yield
{3915 kg/ha). T6 (120 - 60 - 50) recorded highest drymatter
production (5340 kg/ha). The grain yield ranged from 2210 to
4719 with a mean (§.D.) of 3297 (525.5) kg/ha., The uptake of
N was found to range between 26.9 and 145.8, P between 3.8
and 10, and K between 28.3 and 60.3 with a mean {S.D.) of 63
{25.6), 6.5 (1.5) and 39.3 (7.3) kg/ha respectively.

12. Nitrogen test was evaluated by Lhree methods in
experimental soils viz., Organic carbon, Alkaline
permanganate method and Hot (alOH}2 distillation method
{Prasad 1966). These three methods have been correlated with
different parameters 1like ¢grain yield, drymatter, plant
uptake of N, P and K, plant height, panicle length, applied
fertiligzer nutrients and inferences about the suitabilitiy of
a s0il test method have been drawn. Soil N based on alkaline
permanganate method was found to have a high and significant
correlation with grain yield at both Jagtial (0.549}) and
Warangal (0.492). Therefore it is a better method aover the

other two methods.



13. High yvields of rice obtained at Warangal are possibly due
to even rainfall distribution coupled with better native soil
fertility status and heavier texture of the soil as compared
to Jagtial soils which are comparitively light textured.

14. Positive response to application of N, P and K
fertilizers were observed both at Jagtial and Warangal
centres. At Jagtial N was found to give response upto 180
kg/ha. The response ratios (kg/kg) were found to be 7.8 at 80
kg/ha and 10 at 120 kg/ha for N. Fertilizer P was found to
provide response upte 90 kg/ha, with a decrease in response
ratio when compared at 30 and 60 kg/ha of application.

15. At Warangal, N has responded upto 60 kg/ha onlv. The
response ratios were of the order 6.2 at 40 kg/ha, 3 at 60
kg/ha and 1.5 at 120 kg/ha. The response to P was found to be
negative at all levels of application., However, K was found
to provide response upto 30 kg/ha of application and negative
thereafter.

16. The multiple regression equations were calibrated for
predicting the yield through 12 variables comprising of 6
fertilizer terms, 3 soil terms and 3 soil and fertilizer
interaction terms. Using the regression equations, fertilizer
adjustment equations have been calibrated and ready reckoners

of soil test based fertilizer doses have heen worked out for
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attaining maximum yield, maximum profit and a desired rate of
return for both locations.

For Jagtial soils, the fertilizer doses were found
to be meaningful and within the doses experimented in the
soils. It was observed that optimum fertilizer N doses were
higher with the eguation using organic carbon (%) when
compared to those of KMnO4 and Ca{OH)2 equations. The N, P
and K fertilizer adjustment equations are given below for
Jagtial soils for wvarying soil test wvalues (with KMn(Q4

combination).

FN = 129 - 0.50 SN - 2.50 R

FP O = 75 - 0.82 8P - 2.94 R
25

FK O = 28 - 0,19 SK - 0.40 R
2

For Warangal soils also, the same trends were
obgerved 1i.e., a higher dose based on organic carbon (%)

equation when compared with KMnO4 or Ca({OH)Z2 combinations.

FN = 166 - 1,00 SN - 7.14 R
FP O = 38 - 1.11 SP - 1.43 R
2 5
FK O = 40 - 0.06 SK - 0.39 R
2
17. Basic data and targetted yield equations have been

derived under both conventional {whole field of 42 plots) and
simultaneous procedures (14 plots which are means of 3
replications). The estimates were found to be marginally

higher under the conventional procedure. However, the doses

%4



calculated based on either of the two procedures were found
to be meaningful for attaining a desired yield target of
rice. The basic data indicates that nutrient requirement of N

is around 3.0, while PO and K O are around 0.75% and 2.0
2 5 2

respectively for Jagtial centre whereas at Warangal centre,

NR of N is around 1.8, while P O and K O are around 0.22 and
25 2

1.2 respectively. Thus it was evident +that the nutrient
requirement per quintal of grain production was more in
Jagtial centre indicating more efficient wutilization of
absorbed nutrients for grain production.

18. T1.R.64 variety of rice responded significantly upto 180
kg N/ha at Jagtial whereas Erramallelu has responded upto 60
kg N/ha at Warangal.

Soil testing and Soil Test based fertilizer
recommendation are still elusive under the Indian farming
situations, The large number of STL's and a wide network of
research projects carried out under ICAR sponsored Soil Test
Crop Response Correlation project have generated voluminous
data which needs to be correlated and used for evolving
appropriate fertilizer recommendations for crops and cropping
systems, The correlation is carried out continuously and
recommendations have been provided. However, under irrigation

commands of large irrtigation projects having extended
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acreages under different cropping systems, the need for
evolving adoptable fertilizer recommendations has been - felt
more than ever both because of economic compulsion and for
protecting the environment from excessive loads of residual
fertilizer nutrients. To tackle these issues, studies have
been conducted to evolve appropriate fertilizer schedules for
different types of soils under the Sreeramsagar project area
which has 3,87 laks ha under its command in Andhra Pradesh.
The project is one of the largest of its kind in the state.
The need for this study has arisen because it has been
reported that fertilization to rice based cropping systems
practiced by farmers are not based on any scientific facts
even though blanket recommendations have been evolved. The
studies have indicated that for achieving yield optimization,
or a particular yield level (targetted yield) or a econcmic
return to investments in fertilizers available N estimates
employing the method evolved by Subbiah and Asija (1956}
where KMnO4 is used as the principal reagent is ideal. It is
possiblg to evolve appropriate fertilization schedules based
on the native s0il fertility and adjust the fertilizer
additions properly so as to avoid excessive use of
fertilizers or thier use in lesser gquantities than actually
required. A rationale for fertilizer use has thus been
evolved which can be recommended for rice in the Sreeramsagar

project command area.
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SUMMARY



CHAPTER VI

SUMMARY

Nitrogen fertilizers account for a major portion
among the fertilizers being used in Indian agriculture and
nitrogen deficiency in the soils is well spread. Efforts to
develop chemical indexes continue to be stimulated by the
need for a more reliable and rapid method of assessing the N
availability, Evaluation of various chemical indexes for
assessment of N availability in scoils based on Scoil Test Crop
Response correlation studies formed the key for fertilizer
‘N'  recommendation to crops. Based on the needs, the present
study was undertaken to
i) evaluate N availability indices in rice and work out
relationship between soil test values and yvield responses to
fertilizer nitrogen ;

ii} develop bases for evolving fertilizer recommendation

for maximum yield, maximum profit and desired yield targets
of kharif paddy applicable to the command area of the
Sreeramsagar Project, spread over four districts of Andhra
Pradesh viz., Karimnagar, Warangal, Nizamabad and Adilabad.

With these objectives in view,an extensive survey
was conducted during the yvear 1993 and 1994 covering four

districts of Sreeramsagar Project viz., Karimnagar, Warangal,
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Nizamabad and Adilabad in irrigated rice fields. For this
purpose, 60 villages were selected for the study and 300 soil
samples were <c¢ollected at the rate of 5 samples per each
village. The area surveyed covered 21 mandals spread over the
four districts. The survey was conducted after formulating an
appropriate questionnaire which enabled collection of uniform
data in the desired form and for 1its easy collection,
synthesis and analysis. The soil samples were collected from
the selected fields thrice i.e., before transplantation of
rice, at its panicle initiation and after harvest of the rice
crop. The plant samples of rice (3rd leaf from the top) was
collected at panicle initiation stage of growth., Post harvest
data pertaining to yield of rice crop were obtained from all
the Tocations.

The predominent soil types in Command Area were
identified as alfisals and inceptisols referred as red chalka
soils and vertisols referred to as black soils. Texturally
the soils ranged from light textured sandy loams tc medium
textured clay loams.

The soils were classified into different fertiliity
classes based on organic carbon content, available N, P and K
status. District and texture wise categorization of sgoils

inte different fertility groups was also carried out. Plant
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samples collected at panicle initiation stage were anatysed
for plant nutrient concentrations and correlated with yieid.

The results indicated that high and significant
correlations were obtained between initial and post harvest

N, P and K soil test values in all four districts surveyed.

X ¥
The estimate of correlation coefficients were 0.83 , 0.78 ,

* X
0.72 for N, P and K nutrients at Karimnagar district, The

* X %K Xk
corresponding values were 0,87 , 0.84 , 0.61 at

K *K *K *%
Nizamabad, 0.92 , 0.82 , 0.73 at Warangal and 0.7t |

K b3
.90 , 0.93 at Adilabad districts respectively.

The correlations between feartiliser N, P and K and

grain yield were found to be significant in Karimnagar

L+ & ik
district wviz., 0.39 , 0.21 and 0.46 respectively, The

retation between fertiliser K and grain yield alone was found

*
to be significant in Warangal district (0.39 )., With respect

to Adilabad district relationship between grain yield and

* *
fertiliser N and P 0.49 and 0.48 respectively. All other

correlations were found to be not significant possibly due to
irrational and non-judicious application of fertilisers to
rice crop which was not based on s0il test values,

Riceb yields obtained'by farmers 1in the project
command surveyed ranged from 12 to 53 gq/ha in Karimnagar,
17.6 to 21.0 in Nizarabad, 16 to 42 in Warangal and from 14

to 28 q/bha in Adilabad diszricts respectively. That there
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was a wide variation in yields obtained in farmers fields was
evident which may be due to management practices adopted
including fertilisation, irrigation management and nhative
fertility status of soil.

Tﬁe post-harvest soil test values were found to be
highly and significantly correlated with initial soil test
values in farmer's fields. The prediction equations of post-
harvest soil test values through inital soil test values
which can be used by soil testing laboratories for making
fertiliser recommendation for Karimnagar district are as
follows

* K
SN (PH) = 29.65 + 0.704 SN (I) + 0.134 FN - 0.149 GY

(R} = 0.69 *x , @ = 7.8 , C.V. (%) = 14.2)

*x
SP (PH) = 10.80 + 0.884 SP (I) - 0.884 FN + 0.0.0863 ¥

(R} = 0.62 *x , € = 7.8 , C.V, (%) = 28.7)

¥
SK (PH) = 100.76 + 0.712 SK (I) - 0.348 FN - 0.324 GY

(R} = 0.52 *x , € = 65,7 , C.V. (%) - 24.8)

A significant relat onship betwen ©.C. (%) as
determined by Walkle. and Black (1934) volumetric procedure

and KMNnO as detarimined by Subbaiah and Asija (1956) methods
4

wis evident for soils of different textural classes in

Karimnagat district. Prediction equations have been
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calibrated and are given below for predicting soil N through

0.C. of soils of the district.

Clay loam : KM = 159 + SQTE oC R® = 0.682 #*x%
Sandy clay loam : KM = 168 + ZIT? oC R?® = 0.69 *xx%
Sandy loam : KM = 148 + 44?: ac R* = 0.57 *x
Silt loam : KM = 78 + 145T; Qc R®2 = 0.59 *xx

Quick so0il tests as adopted in state scil testing
laboratories were also performed utilisating soil samples
obtained from 150 locations of different cultivators fields
of the project command spread over all the four districts.
Organic matter as determined by the gquick scil test of colour
comparison as an index of avaitlability of N was emploved.
The studies revealed that in Karimnagar district out of 120
soil samples 83.7% of them were rated as ‘low’, 7% medium
and 9.3% high under sandy clay loam texture (SC), 97.1% under
clay loam (CL) and 88.4% under sandy locam {SL) were rated as
low in this district. A small percentage of soils were rated
as ‘high’ and ‘medium’ in availability of N in clay and sandy
loam textural classes. In Nizamabad and Warangal districts,
all the sampled fields were found to be ‘'low’ category of 0C
status., In Adilabad district 86.7% were low and 14.3% were

medium under sandy clay loam, 57.1% were low and 42.9% medium

under sandy loam texture.



Evaluation of three N indices i.e. visual colour
comparison method as adopted in S8TL's, organic carpon by
titrimetric method and alkaline permanganate soil N method
were done in 150 soil selected and ratings were given with
nutrient 1indices. Iﬁ 15 observed that 133 cases were low, 9
were medium and 8 were high under visual colour comparative
method. The low, medium and high cases were 15, 20 and 115
under titrimetric method and 143 Jow, 7 medium under alkaline
permanganate method of N in the surveyed districts thus
indicating that alkaline permanganate method was found to be
a better index of available N for the soils of command area
surveyed. All the four districts were found to be having low

nutrient indices based on routine soil test for available N.

Data generated 1in the survey was confirmed by
laying cut two field experiments in the same command area 1in
two locations viz., Jagtial (Red sandy locam) and Waranga)
(Black c¢lay 1Tocam) during kharif 1996 with ‘IR-64' and
‘Yerramallelu’ as test crops respectively. For this field
experiment 12 fertiliser application treatment as per the
recommendations of International Soil Fertility Evaluation
method were wused in addition to a treatment involving the
most common method of fertilistion practice adopted by the
farmers of the area and another treatment representing the

recommended fért11isation schedule for the area. Thus the
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experiment was laid out c¢onsisting of 14 treatments
confirming to a factorial Randomised Block Design {(RBD).

At Jagtial location maximum grain yield of 3691
kg/ha was recorded in T12 treatment {(180-90-75}. The yields
ranged from 2339 to 3691 in different treatments with a mean
of 2260 kg/ha. The available soil N as determined by KMnO4
method ranged from 94.1 to 435.,9 with a mean of 158 kg/ha,
0.C, from 0.06 to 0.73% with a mean of 0.29%, while soil N
based on Ca(0OH)2 method ranged between 75.3 and 348.7 with a
mean of 126.3 kg/ha. The plant uptake of N ranged from 24.1
to 126.9 with a mean of 70.9, P from 3.7 to 13.3 with a mean
of 8, and K from 16.6 to 65.1 with a mean of 44.5 kg/ha.

At the Warangal location, highest grain yield of
3915 kg/ha was recorded in Tl4 treatment (120-60~-30} whereas
the highest drymatter production of 5340 kg/ha was obtained
in T6 treatment (120-60-50). The grain yields ranged from
2210 to 4719 with a mean of 3297 kg/ha. The uptake of N
ranged from 26.9 to 145.8, P from 3,8 to 10 and K from 28.3
to 60.3 with a mean of 63, 6.5 and 39.3 kg/ha respectively.
The s0il N based on KMn0O4 ranged from 141.6 to 351.2 with a
mean of 201.7 kg/ha, 0.C. from 0.12 te 1.05 with a mean of
0.64 percent while so0il N based on Ca(OH)2 method ranged from

115.2 to 281 with a mean of 161.6 keg/ha.
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Significant correlation existed bhetween grain and
straw yields with N, P and K uptake and fertilizers at both
centres. Significant responses of rice to application of N, P
and K fertilisation were observed at both Jagtial and
Warangal locations. At Jagtial, N was found to give response
upte 180 kg/ha, the response ratio {kg/kg) being 7.8 at 60
kg/ha and 10 at 120 kg/ha. Fertilizer P was found to give
response upto 90 kg/ha. At Warangal, N responded upte 60
kg/ha only. The response ratio was of the order 6.2 at 40
kg/ha, 3 at 60 kg/ha and 1.5 at 120 kg/ha. The response to P
was negative at all levels of P application. The response to
K application upto 30 kg/ha was evident.

The experimental data indicated that predictions of
post~harvest soil test values of N, P and K nutrients through
soil test wvalues at panicle initiation stage, applied
fertilizer doses and grain yields can be made whirch were
agreeing with the results obtained in the survey.

Soil N based on alkaline permanganate method was
found +to have a high and significant correlation with grain
vield at Jagtial (0.549) and Warangal (0.492) which indicated
its suitability over the other two methods wviz., organic
carbon and Ca (OH)2Z method.

The multiple regression equations for predicting

yvield through fertilizer N, P and K nutrients and their
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interactions have been developed for hoth locations.

Fertilizer adjustment equations have been derived
for attaining maximum yield, maximum profit and a desired
rate of return. Based on the fertilizer adjustment equations,
optimum fertilizer doses have been worked out for bkoth the
locations.

From the estimates of basic data and targetted
yield equations derived for rice at Jagtial and Warangal
centres using the conventional and simultaneous procedures it
was evident that fertilizer levels required to be applied
were lower under simultaneous than under conventional
procedure for all the three nutrients., The estimates of soil
and fertiliser efficiencies of N and K were higher under
conventional procedure, while for P the estimates were found
to be higher under simultaneous procedure at both centres,
The basic data and targetted yield equations using the data
of all the 42 plots (Whole field) for the two locations are
as follows

Jagtial (Conventional procedure) :

NR CSs CF Targetted yield Eguation
N 3.21 22.4 35.4 FN = 9.08 T - 0.63 SN
PO 0.81 17.5 17.9 FP O = 4.51 T - 2.31 8P
2 5 25
KZO 2.43 12.0 64.1 FK20 = 3.79 T - 0.23 SK

Response ratio (kg/kg) = 5.8
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warangal (Conventional procedure) :

NR CS CF Targetted yield Equation
N 1.82 44 .4 143.7 FN = 10.32 T - 1.28 8N
PO 0.72 4.8 5.8 FP O = 3.62 T - 0.89 SP
2 5 25
K20 0.18 12.3 16.9 FK20 = 8,51 T - 0.40 5K

Response ratio (kg/kg) = 4.5

Based on the ready reckoners of optimum soil test
based fertilizer doses, it was observed that the targetted
yields of 35 and 45 g/ha can be attained with meaningful
fertilizer doses at Jagtial and Warangal Jocations

respectively.
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Format of Questinnaire for survey work in_ Sree Ramsagar Project

Appendix - |

S.No Details reguested Response

1. Sample number

2. Date of collection

3. Depth of collection

4. Name & address of cultivator

5. Survey No. & area of field
cultivated

6. Field location with description
on direction from a permanent
peint such as well etec.,

7. Previous crop history

a) Crop and variety

b) Manuring

c) Fertilizers

d) Yield

e) Diseases and pest incidence

8. Prainage condition

9. Variety of Crop grown

10. Nursery date

11. Date and week of transplantation

i2. Details of manuring of test crop

13. Details of plant protection
measures

i4. Crop condition and deficiency
symptoms

15. Yield recorded

16, Whether soil testing is done
anytime earlier, if so details
and what result, if any
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CANALWISE DISTRICT-WISE AYACUT/IRRIGATION POTENTIAL CREATED (Ha)

Appendix - 1(b)}

Stage-1
Rakaiiva Canal Saraswati Canal latai €anal Total
S.80. | District
Total 1.h Total I.B, Total I.D, Total 1.k
Ayacat Crested hyacut Greated Arscut {rested | Ayacut {(reated
L, Hizsaabad 4453 463 - - 8,849 Wit 13,312 7,088
'R Adilabad - - 4,151 6,509 - . 14,184 8,509
3 Earimaagar | 2,346,734 | %2,19,544 - - - - 3,0,704 | #2,19,548
{4 Warangal 144,80 19,815 - - - - 1,44,803 19,015
Total 3,0,000 § 2,43,0% 1,181 3,504 L1 3,45 | 3,97,000 1,.54,%0
Stage-11 + Above LMD - 160252
Bedow (D - 58296
Total - 219548
Lakativa Canal Saraswsti Canal Esddan Capal
Tatal
L Aracat Ayscut Stabilisation of
3.8, District Apacet
L. Varangal, Ralgoeds, 1,86,808 - - 1,846,800
atd Zhansn
i Adilabag - 31.970 1,50 59,48
Total 1,96,800 31.970 17,519 7,146,289

¢ Including 27,519 ha, of Stabilization of Iaddam Canal
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Appandtx - T
Warangal @ Rice : Kharif 1996

Relication wise data of yield, soil test values and plant uptake at Warangal during Kharif 1996

FN FP FK GY  OC(PI)  KM(PI) CA(PI) OL{PI)} AM(PI) OC(PH) XM(PH) CALPH) OL(PH) AM(PH) Total W UM

e
b

Raplication-1

0 a 0 2330 0.22 115 94 33.2 455 0.30 187 134 3.9 505 1090 4.5

0 60 50 2669 0.54 112 90 6.2 447 0. 75 160 128 8.0 496 1041 5.4

&80 &0 50 3913 0.50 132 105 21.6 545 0.66 188 150 29.7 &6 122% 7.6

120 60 50 226 0.1 140 110 2B.8 541 1.02 20 160 6.2 01 1310 5.9

180 60 50 3106 0,54 143 13 3.4 504 0.72 204 163 22.3 560 1326 6.4

120 1] 50 1584 0.79 184 145 28.8 538 1.05 263 21 32.8 508 1108 7.5

120 k1t 50 3405 0.56 105 84 26.6 542 0.75 150 120 26. 6 608 982 5.7

120 o 50 2927 0,41 217 175 26.2 538 0.54 353 28 0.6 598 2102 5.8

120 60 0 4062 0.61 138 12 28.8 538 0. 2m 180 29.7 508 1300 2.5

120 50 25 4002 0.68 129 107 231.6 544 0.90 182 149 36.2 605 1182 7.6

120 60 15 3405 0.63 136 105 2T 514 0.84 194 185 36.7 571 1206 6.5

180 30 H 3256 ¢.61 196 te0 34.9 509 0.81 282 226 35.8 565 1828 5.5

80 50 Q 3554 0.56 20 106 21.8 520 0.7% 185 148 24.9 588 1203 5.9

120 80 30 4719 1.0% 116 93 29.7 473 0.12 186 1313 1.1 525 1080 8.5

Replication-I1

0 1] 0 2479 0.16 119 95 34.9 413 [ B4 170 136 36,7 525 1105 27 3.8

0 60 50 2210 0.59 18 3 3401 524 0.78 163 130 35.8 582 1060 32 4.8

50 650 50 3256 0.52 134 107 19.7 565 0.69 191 153 24.5 528 1243 4t 5.0

120 &0 50 3525 B.27 144 115 21.5 540 0,38 206 165 4.5 599 1340 51 6.0

180 50 50 2927 0,27 147 119 3.2 436 0.36 210 170 19.2 559 1388 65 a.2

120 a 50 3823 .23 t76 t41 F1! 525 .30 251 201 31.0 588 1825 94 9.6

120 k1] 50 3644 0.43 99 81 23.t 555 0.57 141 15 231 516 a4 a0 8.5

120 30 50 3883 0.3 1319 108 271 545 0,42 199 180 3,2 a0s 1594 53 6.3

120 60 1] ITe4 0,45 146 ny 2t.8 540 0.80 208 165 21.8 59¢ 1340 96 10.0

120 50 25 3584 0. 40 136 109 17.% 565 ¢.54 192 154 21.0 61T 1249 75 B.§

120 50 75 3525 0.63 140 t11 20.5 540 0.84 200 160 5.4 599 1291 121 B.t

180 90 is 3465 .54 156 124 341 524 0.2 200 118 3.2 582 1435 54 5.9

an 60 0 3525 0.87 108 t09 201 512 .90 191 153 23.6 588 1242 52 5.8

120 &0 n 3441t .34 119 95 25.8 488 0.45 110 136 34.5 548 1108 126 1.2

Replication-I11

a 0 0 2330 0.20 15 92 35.8 468 4.26 165 132 5.8 520 1066 I8 4.0

0 50 50 2360 0.58 11 89 5.4 448 0.77 158 127 7.1 498 1029 46 4.9

60 60 50 3525 0.51 132 104 21.8 532 [TN.1.] 189 151 2T 591 1230 51 5.4

120 &0 50 1405 0.52 153 124 28.4 51§ 0.69 219 175 35.4 599 1425 L1 ] 8.5

180 50 50 2718 0.40 137 11 34.9 510 0.52 198 159 21.0 566 1276 52 5.7

120 L 50 2927 ¢.51 151 123 0.6 470 0.68 21§ 173 31.9 541 1392 57 6.6

120 30 50 078 0.75% 13 107 21.6 530 1,00 19 153 24.9 589 121¢ 1.3 5.5

120 30 50 047 ¢35 176 115 30.t 549 0.48 251 201 31.9 510 1632 47 5.1

120 50 0 3106 0.53 152 126 2%.3 544 o.M 222 117 25.8 805 1442 55 8.4

120 50 25 3704 0.54 134 108 24.5 530 0.72 196 157 24.5 598 1275 45 7.8

120 60 15 3256 0.63 138 116 24,0 523 0.84 199 154 3.2 581 1226 48 7.8

180 90 75 3226 0.58 182 157 36.2 532 0.77 kil 241 34.5 59 1956 53 7.4

20 80 0 3106 0.62 127 107 18.3 480 0.83 188 150 24.5 581 1223 Ia) 5.3

120 50 klv] 584 0,22 12¢ 94 2T.1 437 0.29 185 135 . 35.8 541 1098 &9 8,2

Mean 3297 0.48 138 112 2.1 517 0.64 202 164 30.6 578 1310 83 6.5

5.0, 519 Q.17 27 20 5.3 ki ] 0.23 40 3z 5.7 kI 25 25 1.5

c.v.(x) 15.7 5.4 19.3 17.9 9.1 6.0 35.3 20.1 20.0 18. 56 5.8 19.2 40,1 23.4
Pl : Panicle initiation stage Q¢ : Organic carbon (X) OL : @lgen’'s P (ko/ha) UM : uptake N {kg/ha)
PH : Post-harvast stage KM : Alkaline permanganate N (kg/ha} AM : Asmonium acetate K (kg/ha) P : tptake P (kg/ha)
GY : firain yield (kg/ha) CA : Caleium hydroxide N (kg/ha) UK : bptake X (kg/ha)





