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Thercfore, keeping cost of productiou in view, coco peat : rice husk : FYM (1:2:1) g
recommended for commercial production of Gerbera jamesonii cv. Zingaro. 3
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 Abstract

. Soil compaciion of agricultumt soil is an i
al soil is an increasingly challengi Twil
orl con : ¢ ¥ challenging worldwide probl
fo ing:e 32: 3:: ;rzg;z??entf. UT10 remove the lard pan layer sub-soiling of the Ecld ;ﬂ;efz);sz;?g
‘“ | 1on ot the crop, It is need t ; i
F. Martinez (1991). Physiological respouses of perbera under cold senson pr soil. To deternine hard pan layer mnitivariate ;nﬁl;szl;::‘;rht hie i d;Pth e o)
. 1o deto rials echnigue was used: Princi U
‘a;;feif:n:;; ;:Zd to_ ca.lcuf_atc buik density index, which is the indication of El(l;a[a?;npom?t
dere dcnsﬁym; < ln;nsny m_dcx the soil paraneters bulk density was considered. To d!;tcn:iyr:n ‘(;
pulk gensity 2 ,1;:,3 cxp('il'll'l'lel'.{t was conducted to determine the extent of sub-sail com actios ZOI
(o different o 111:5(::; i}gfls"c(s dz e I t,yﬁ, lcll and 16 at varying normal loads of 4.40, 6.40 z{r)ld 340 ku:
- ontest tractor, ensity and penetration resistan; i b+ o
o0 1 bl t stance at difTerent depth 7
we;:ﬂfgg:::cs: bl;lk _clll(it}sxty index of 1.0 was observed 4t 15-20 cm soil depth !]]31ll‘lzrilr:n:1ie"s"llrf »
o . . = = ]
et de with increase in sofl depth. The bulk density index was lowest at 0-5 cm s tyl :im ‘3;
nerease in number of passes die soil was loasened. e
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1. Imtreduction

In Indi: i : '
" laser Ie\tzllcl:d;aiu; t;t:l::?;:?}::m]ugdus? -Of tractors and machinery system particularly rottvator,
st Mant (200)] which @ [’!r uction of high power (>45 kW) tractors is increasing {'Sing};
Nonm and clay oz sod mjjy_ aggravate the probiem of hard pan formation particularly in
intake, reduced infiltr t‘le ition. The adverse effect of hard pan includes limited nutrient
:emcrg::nce of seedlin ’ 1(?1[1‘ and reduced exchange of air and gases which may lead to less
eral (2000)]. This & f;:;.l lmplrop.cr dcvc]opmcnt'ofroot {Arvidsson ef af, (2001) and [sh;;gl
et al, (2001), Daada sud Sommtt (20000, T oy of £10PS [Arvidsson et al. (2001), Radford
nachine wi 115'1 thei amar (2_00_-4”- The mechanization is need of the hour; so heavy
ha it power sonrce will increasc; the power availability is to increasc 3.0 KW/
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As sub-sail compaction leads to different adverse effects l‘ike high Eulf d;n?\w’jli
penetration resistance, reduced root development and reduced yield. T\he r)q Jl.f < ¢ t_,nth‘
sommonty used to characlerize the sute of s0il compactness. Howmfc_r; tlﬁ:j? g‘l’(}pg[‘tl :
havea lirr{ited value for comparison of the siate ofcon?pacuon bt‘stwct:n sti typu:‘. stiill.frf_illX
sctual bullk density is cxpressed as a percentage of SOIeE reference LOIlTlp’ill"f :()gﬁsyt.lte o
piven soil and called degrec of uompaclnf':ss or relative cm.npa(‘:tlucsr»b‘,u : |12 IL;,}arce o
compaciness proposed by Hakansson (1 990)_15 r{etmcd as thc‘ ratm?ot fl 1E? alni 1:1 t-ﬁlc-( flns;
(o the refercnce bulk density obtained by uniaxial compression of ‘v.\fet so’Ll (51{ o l.cn 3{ o
drainage) al a stalic pressure of 200 kPa. Another r(:‘l::lt.l\"? C()mpabilonl\-'.-l uc s t.w r? ;? 9
actual bnik depsity and maximom butk density _obtmm':d in thl:': ‘Pmctm Lotn{;ac :ont cs,l o
which a constant encrgy (by 2 falling weight) is ap pl@d f‘t dltfcrc.nt‘ wa.t;r con endsé
ratio has heen useful to characterize soil compaction in field stu@cs ‘[‘Pm géon m.\ldk. t{a;
{1977), Carter {(1990) and Da Silva ez al. (1994)1“'111c Proclor testdm.‘ riccazglrn:;it;:;n
homogenized soil material in studies of thc effect of water contc:nt j'm . :,01199 . Ehe o
soil compactability [1iorn and Lebert (1994)]. In the approach of Bengie ( ,
bulk density index was defined as:

(Pusnis ~Parie)
(plﬂ-‘lx - pm.in) :

Where, p is the bulk density, the maximugl b}t[k density {p ) 15’-'({&?(1“:1“11??;;“&1;;23

Proctor testy and p_ 13 them inimum bulk density from the mass of unsicved dry s¢ ]

to fill a container of known volume.

The relative compaction parameters are more usefu! than bulk dcm‘;lty or ;240;:5;:_?0 :
udies of the elfoets of feld watfic on so il conditlm{s and root .'m.d crop r,e,bF.OIMJ 1[“b [L; i‘npuf
(1991), Tskansson and Lipice (2000)]. The l't)i:lll\j‘t: compaction wzllﬂ{ also [Ti{;mmcmess.
pm'ﬁumtt:r iwmodelling response of toot growth, 1t:at.urc:1 and cm{_: yield 'En sci oo 1(?000)]__
in various soil climate comnbinations [Arvidsson and Hakonsson {1991}, Simola et . {4 .

wsed on strierural and textural porosity. I
o 973 od another concept based ot st netural iand ity. 1
Monnicc et (1878 D0 o j stical method which is

this paper, we tried to develop the soil bulk density index by stali
relevant to reflect the depth of sub-soiler operation.

2. Materials and Methods o o

The bulk density index was developed based on the data obtained ina tu-:.ld cz,{'}:-,;ttu:?‘}' &
concueted to determine the effect of different normal l.oads onl_n test trflctjac(;v:;;rimt;l;ml
KN, power 26 kW) and its frequency on_soil c;\}mpgtll?[-l,—;?lg ;:;l;:;tﬂi: e; pc;.iincmal .
farm at Indian Agricultural Research IllStltl‘itc, New clhi. The « ot

i ad sandy loam texture with fine sand as major cn:‘ms.htue“nt up to “cp‘ :

‘('}V—E‘I)Zaclritl:::'tﬁ;??nk;r;ascd \fith depth from 49.00t0 53 95% - coarse siltand fine silt decreased
from 24 to 21% and 11.5 to 9.63%, respectively in the same depth.

Muitivariate Analysis to Determine Soil Hard PAN Layer 285
1 Experimental Procedurc

The test was conducted on experimental tractar with three normal loads af 4.4, 6.40 and
gkN and L, 6, 11 and 16 nomber of passes of test tractor with three replications. The soil
. mpic for bulk density was collected lo determine depth of hard pan layer. To begin with,

Bl:actor with an effective nonmat load of 4.4 kN was run, at a forward speed of 3 kin/h, for
e nuniber of passcs. To determine bulk density soil samples were collecled upto a total
h of 50 cm at an interval of 5 cm. Thus, at one [ocation a total of 10 samples were
llected. All cares werc taken to take samples from respective depths only. Following this
e test fractor was run for same number of passes with a effective normal load 6.40 kKN on
k£ ¢ tire and soil sample for bulk density wete coflected. In next round of experiments,
tective normal load 8.40 KN was taken and samc number of test run were made and after
ch Lest run combination bulk density and penetration resistance measured. To ascertain
impact of frequency of passes on compaction of sub soil layer, the obscrvations on soil
Btk density and cone penetrometer resistance were taken at ditferent depth upto 50 cm.
us, a total of 36 sets of experiments were conducted by taking three nonmnal loads and
r different passes and three replications of each test run and observation on compaction
parameters were collected.

Development of Bulk Density Index

Bulk density index was developed to obtain a single factor to define influence of soil
empuction on growth and crop yield. There are various methods such as AHP (Analytical
erarchy Process), Mixture Analysis, Principle Component Analysis and some other
fechniques used for developing composite index. In the present study, principle component
analysis was used for development of bulk density index as per the determination of hard
an layer.

Methodology of construction uf bulk density index

The bulk densily index was censtnicted using bulk density. Following standard methodology
ased on theoretical frunewark, ameaning ful bulk density index was developed for combining

ach combination of compaction (load and passcs). Following steps were lallowed in
onstructing development of index ;

Bulk density at different depth corresponding to each treatment were required. For
evelopment bulk densily index were selected on the basis of their analytical soundness,
measurabilily, coverage, relevance to the influence of compaction in sub-soil. The avorape

- Ebulk density data was normalized. Normalization played a vital role in standardizing the Jata,
| %'Prior to any data aggregation as the variables often had different measurement units it is

necessary to normalize data. To make the data unit free normalisation is used. Out of ditTerent

e N ) . . .
- §normalisation methods, here standardization techinique was uscd.
5 -
- Xy~ g
o ———— 2
q . 220
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Where,
X {5 w value for qth variable in ith combinations.
p is mean of qth variable.
and &, is standard deviation of 4th variable.
z, is standardized values of gth variable.
Principal Compaonent Analysis : [tis a mathetnatical procedure that transfern
number of possibly correlated variables into a smaller number of uncorrelated variab
called principal components. The first principal component accounts for as much of 1§
variability in the data as possibie, and each succeeding component accounts for as muchy

thc_remaiﬁmg_vmiability as possible.
An exploratory analysis shouid inve

the suitability of the data set and cxp
1. When variables are correlated, mnitivariate analysi

stiggate the overall structure of the indicators, 2 :
lain the methodological choices, e.g., weighi
aggregatio 4 can be used in fin
weights.
(1) First of ail maximum likeliho
estimated. using the following rejationship.

od estimate of variance-covariance matrix (5) ;

}?:,:-:—113(,‘&&)(){—?)'T

Where,
Y = column vector of variabics

= average columu vector of variables

$-M.L.E of variance-covariance mAatrix.

(b) Next, using the following relationship the correlation mairix (CM) was cbtained from:

above yarignce-covariance matrix
R, — 1 h
M =(V) E(JV) - @23

Where,
M = correlation matrix, V = dragonal o

vectars of the correlation matrix were obtained.

(¢) Then, Eigen values and Ligen
Development of Bulk Density Index

The bulk density index (DB was develope
cnts obtained from correlation matrix o

d by substituting the ITigen values and principal
§variables respectively in the equation givel

COmpon
below :
AT+ Ay Za o hg
BDI= _1_1__1(;.1_7,_.&(3_ (2.24)
;\-l

salrix obtained trom variance-covarianee mafeix :
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7

The prineips i i
_ principal components were ublained by using the following equations calculation:

2=y, R 17R OO L O SN

Zy=ayuX, Fagx, +oFlyeXg
(2.2.5)

Ly =agx, + L%yt FRogXg

Where, BDI is bulk density i

. BDIL nsity index for cth compacti inati

rc, BDL, paction combin i

 are PrmFlPdl components, x,’s arc standardized values of vaﬁaztl)tll:?,} A
belonging i~ ith eigenvector and for jth variable. iyt clement

After this, the bulk density i
- , nd : inati
sing given forma ty indcx of each treatment combinations were normalized by

__ BDI_ ~min(BDI)
max(BDI) - min(BDI)

(2.2.6)

Where, B i i '

. (BDe;)cES n?l:; ;;Tlréfﬁtm:bviu: ofbulk density index of cth compaction combination
; O st C i i ' :
ety inden uik density index and max (BDI} is maximnm value of bulk
!lulk density index based on treatment

. For eve i i i -
asses, dep ﬂ?‘; 15:': :fif{?::ezftr::“ﬁ?; Wl!'h varying :1c.:rmal load on tractor and its number of
having maximum balk de o i AifTerent Obtaind. The depth of mast compacted layors
ayer was mportant to del?'SJtY Jil‘d]ffcmnt treatment plots. The depth of most compacted
ctermine this layer for t[l'f:' ¢ depth of sub-soiling for a compacted snb-soil layer, io
considoring the ditforent I iﬁ{erc;nt treatnlf:nts, Hrincipal component analysis was used
ol its rooncncy of pmsstacs of study van.ahlcs i.e. amount of normal load on test tractor
éﬂmponcnt analysis ii‘n‘lc‘db;ts (?"‘Cmnpacnmjl prr?pcrtics c.g. bulk density. The principal
i ottt ‘,}f e giving appfoprlatc m.lportﬂnce to different factors based on
iffercat component based wmpopcnt. The _arl.alysrs automatically generated weights for
Fetructare of data sots a:l; \ mi ‘tl;]e“ cu.rrc]atlo.n Z!E'ld the analysis investipated the overall
ﬁ:auix, Rused on va;ianwi:::_b all maximum likelihood estimates of variance- covariance
etbination was déveloned ;:;rm;:ce mntr[)f, C(‘)rrclatidn matrix for different compaction
eing Eigon valuss, B enp:c:t 1 bulk 'dCl:lSlty index based on treatment was developed
s th‘e | ngdcx V;lﬂrf» abnd principle components were obtained from correlation
L e g e ue, ctween 0 to 1, the normalized value of the bulk density
:%iensity e ch(JmII;e?_t was dt:t.crrrgmed using minimuin and maximom values of bulk
'{Eyer of the ‘so'l y pac 10[?00f'llbln«'_itlons. The index valne | indicated the most compacted
I: il depth constdering highest bulk density index. The soil depth layer having
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d to be most compacted layer of ¢

maxinum index wers foun
low, medinm, high and very high

(.5-0.6, 0.6-0.7 and>0.7 correspond to
¢ the compaction combinatiot:

respectively. For classifyin,
bove piven index dafa was At

and law compaction, the a

treatment.

Ranking for classilication of bulk density index

After development of bulk density index for d ifferen

the valuss of the index fies petween 0 to 1. The vaiue 1 indic
indicate the lowest compaction unong the
Values of the index < 0.5, 0.5-0.6, 0.6-0.7 and >0.7
very high degrees of compacticn, respectively. For cla
it terrns of very high, medinm and low compaction, the above given
in ascending order with their treatment.

given cOmp
correspond to |

3. Results and Pigcussion

Bulk density index

The bulk density inde
[Canillas and Salokhe (2002)].
load on test tractor and its passages ont performance pa
developed. The variance-covariance and correlation ma

The highest value of bulk density coeflicient was ranked 1 for, 1
s0, this was the most conpacted soil tayer: followed by 20-25 cm
layers (Table 4). The lowest va
wsidering the differens wreatments. Thus, the bulk density coe
wheel with its largest mmber of pas

il depth af 15-20 cm.

x will depend upon its soit physical
To account for, the influence of di
rameters,

cul
maximum normal load ©n Toar

qurface soil condition at sub-s0
¢ bulk density index belwes
| compacted layer was at
¥ medium compacted lay

Similarty, th
Layer. The igh sub-s0i
thepik layer 25.534 o lies in the catepary ©
05736, Thus, beyoud 30 cn the compactio
Generaily, medium compaction was caused b
pumber of passes or low {oad with large number of passes.

y Lreatment combing

4. Concluding Remarks
1. The highest value af bulk

<.

2. The bulk density index reconfirmed that m
d largest number of passes caused maximum $u
<of0and | corresponded to soil
ch were assumed the Hmiting fac

axiinum additio

on rear wheel an
1. Gub-soil bulk density inde
and 1.30 Mg/, respectively whi

he soil. Values of the index {}_.

5 i terms of very high, high, medj
anged inascendiag order with the

t fevel of compaction combinatio
ates highest compaction andf;
action combinations for all the vahied)

ssifying the compaction combinatio i

properties such as builk dens

trix are givel

lue of the index was at -5 cmi.c.at
(Fcicnt reconfirmed that

ges caused maximum sut

f 0.60-0.70 was wnned a5 i
2025 em soil depth. Akinio

0 decreased with ncrease

densily index was obtained at sub-

degrees o l'compdcﬁon

ow, medium, high a

ndex data was arranged

fferent levels of no
bulk density index Wag?
in Tables 1, 2 and'3

5-20 cim soil depth layéey
and 25-30 cm soil déﬁ
surtace layer of the sol

igh compac'téd
er wilh hulk density inde:

in depth (Table 4
tigns ot high

nal normal load
p-surface soil comp

tor for index. determinatio

Jhove the soil

load and less

3]

i

soil depth layer of 15-20 .

of 4.00 kN
:1cti'{3rl_

n.

bualk density of 183 Mg"m"' §

X
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'f"]jsunii:, AT (1991, Groweh and mecharmical impedance, In: Waisel, Y., Eshel, A. A, Kalati, U, (Eds.), Plane

Table 3 : Eigen values and Eipen vectors ol bulk density and treatment. ) Roots, The Hidden TFalf. Marcet Dokker, New York, pp. 393414,

[ Eigen Eigen vector :;-.C;mjllus, E. C.und ¥ M. Salokhe (2001). Regression anakbysis of some [actors intluencing uil compaction, Soif
value e Py e PC rc, PC, rC, BC, pc‘-’,,; THY Res., 61, 167-178.
11221 | 4 2‘9;‘9 -Q 25:‘10 0.0 116 —0,44; 1] 00389 | 0168z | G123 | 053929 | o, 1-3.‘,”% Cana_.l;;,(l-;g)., 11\4 gl ‘fzi) Factors and indiees regarding excessive compaciness afagricuitural soils, Soil Tilage Res.
i 0 04599 | 04611 | 03256 [ 01877 | 03999 | 0.1589 | -04037.) 0.00733 - ; ) o : ) S o
n7439 | 032753 AT - . 2055 1 00410 | 00499 | 04179 | o4 ‘ﬂﬂ  Carter, M. R {1990). Relationship of strength properties w buik density end macroporosity in cultivated loanyy
e | ¢ 6 | -0.0517 203 - : ’ Mth - ) :
D287 | 02878 | 02456 | 04716

sand o loam soils. Soil Tilage Res., 15(3), 257-268.

iDa Silva, A. P, B, D. Kay and E. Perfect
Y Scr Soc. Am. S, 58, 17T75-1781,

3 .
t.0420 | 02992 | 01137 | 00937 | 01330 05119 | 02461 | 02660 | 02792 | 0

e | 028l | 03742 | 0.1972 | 0.555 | 01356 | -0.1410 | 00813 | -02104 | 0.13]

086 | 02979 | 0.0769 | 0.2166 | 03945 | 03293 | 02153 | 04948 | 00538 | Dy

(1994). Charactetization of the least limiting witer range of sails. Soif

:Daudn, A.and A. Samar (2002). Cowpea yield response to soil compaction under tractor traiTic on a sandy loum
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