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h.\d hlghu’ mol orf,dmc m.)lu,r than the non: lt.gumc. system of Son_hu"
by Safflower tor two ymrs ( S+SAF S+SAF). But, when the’ Lrops were fertilized.
lht. non-lc"um«, system also’ g,avc Ealrlv high' root orfganic: matter.. The' lowest root
}orzamt. mdltcr 1nputs wuc found ‘in the traditional: Fallow: +: Sorghum. Fallow: &
Clmkpca (F+S F+CKP) syqu.m Muost of the rool- organic: matier was producui
in the uppt.r 030"“ ldyt.r In: addition, pigconpea, dropped around: 23 t ha 1:‘
of dry I«.avus Cow;)ca also droppud dry leaves, but its contribution was only. around
140 I\}, hd : he 1mprovgd S/PP S/PP and Cowpt.alplq,onpca lnl(.r(.rop COW/PP
S+SAF System provndcd much higher org,dnu. matter mpuls “than' ' th "sllmprovcd'
‘non’v cgumc systci’ns (S+SAF S+SAF) even’ where organm‘malu.r mpuls “of the
lall«.r wm. lnchJSLd through h.ruluduon But; all 1mprow.d syslt.ms were Lonslduably'

the 'dfdppmg of leaves: by’ plgonpt.d after ﬁowmng muedscd org‘mu ‘matter; addmon
in a suuauon whcrc tradluon.xlly, all abovc ground blomdss is rc.mow.d trom the
field.

black cotton soil.

Low soil organic matter content is fre-  (Dutarte et al.; 1993} and limited- buffer
quently the cause for structural mstablhty ‘capacity for nutrients and pH (Allison, 1973)
: ‘in*soils “of the ‘semi-arid tropics. In- the
case of Vertisols ‘in the Indian SAT low

‘Thls arm.lc wa ubmmud ds lCRI SAT Journai Arlu.lc
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nitrogen: mineralization potentiz fa
the miost important constraint ¢ used by
low organic matter content (All 1992) Ora
},amu ma{ter conten i

;_,rown oniy i the postrlﬁny-season on stored
monture because the high clay content (40-
80%) (Rdychaudarl et al., 1963) makes

tllldge and soxvmg extremely dlfﬁ(:ultdunng

biomass. productlon dnd thert,—
fore, hmued mputa of organic matter through.
crop resldues -and. maximum: exposure of
tilled soil: This aggravates soil organic mat-
ter lo>§e§,and results-in low nitrogen min-
eralization " potential.

Improved cropping systems can greatly
enhance the productivity and »sustamabllxty
of agrlcultural landuse Prolonged crop
cover ‘on.. Vertisols: was:- made - possible
through extenslon of the:cropping period

in the rainy‘season. Three: steps, all part

”(El Swanfy ‘et al;,’"l98i), were essential for
' thls achlevement (l) broadbed and furrow
’ sml surface rmmagement ‘which allows fast
dmmage of the 5urﬂ1ce sonl and” prevents
waterloggmg, (2) dry seedmg after the first
: pre-mon';oon showers before the rainy sea-
sor: when soil conditions are optlmum fot
: Etlllage and (3) grain mold resistant sorghum
varieties, which provide grain quality when

sorghumis ‘grown’ under the ‘more humid
conditions'in the rainy season. Employing
these basic technologies, several double and
mtercroppmg rotations became. possible. In
bur expt,rlment we. testu.l three: (1) Sor:
ghgm/p_l geonpea - intercrop in both years
(S/PP. S/PP); (2)..a rotation -of cow-
pea/pigeonpea ‘intercrop in- one year and
sorghum followed by safflower every other
year; and 1= xorghum followed by safflower
zn both years (S+SAF S+SAF)

Although much work was done in qudn-
tlfymg, the. productivity. increase and eco-.
nomic:yield of double and intercropping,
not. much. work was: done to. quantify the
effects of intensified cropping.systems on
soil quality. (Willey, 1996).: A long-term
experiment: carried out. at. ICRISAT Asia
Center for the last 14 years shows an increase
in soil total N content in intensified cropping
systems with pigeonpea (Rego and Seeling,
1996).. However, even. after: 14 years, the
organic matter changes were small. Because
of the long duration of experiments required-

to. ‘measure. . soil. organic. matter (SOM).

changes and the limitations to extrapolation
of these data, we d=cided to measure organic
matter ; inputs. from different . systems so
that these can be used.in: simulation models
to. predict. changes in..SOM.

Materials and Methods

The experiment was conducted at ICRI-

;SAT Asla Ceriter (IACl India, on a deep

. The fleld‘ Wi for seven
years and a maize crop was'sown as
a‘‘cover-crop for:one:year prior to the
start of the experiment. The land preparation
and sowing of crops were done using bullock

‘drawn’ equipments. Chemlcal propertles of
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Table 1. Chemical properties of the. experimental field used prior to crop growth period .

pH EC. NOy .. Toal N OC.

. (ds m’ mg kg (mg kg'!) ¢ %0

8.19 0.26. 267 639 0.62

8.33 0.17 < 1 434 0.47

: 8.39 0.16 <1 370 044
60-90- 8.23 0.23 <1 331 039

the held soil prior to sowing are shown .
in.Table 1. Measurements were made during -
rainy and postrainy-seasons of 1994/1995:-

:md 1995/1996. The monthly rainfall and
mean maximum and minimum temperatures
for the experimental perlod are given in

eason,” crops received 20 kg N ha

the time of sowing by placing the feru]lzer
along the row of the ¢ crops, and the rc,mamdf,r
f2] 24-days after sowmg (DAS) as a top

“at’ the tlme

Measurements.of root. growth...

Plant and root samples were taken from
é’_l m” subplots in N-O and N-80 treatments
{inall three replicates, except cowpea where
roots were. taken. only from one rephcatlon
;;For root” samplmg, soxl ‘cores: of 7 cm di-

'Four cropplng syﬁtems and where dp-v
pllcable thelr mirror images were evaluated
three nitrogen (N) Ieve]s (Table 3) in. .
v@_v‘mndomlzed comp]ete block  design .
(RCBD) with 3 replications. Nitrogen was -
f’app]led only to’ non-legume crops. The -
source of N was urea. During the ramyg

jdressmg Postramy season crops received:

ithe complete dose at’the'tlme of sowing.
;In intercrops, the N dpp]lCdthl‘l was placed
close to ‘the rows of the non—legume crops.
'All crops received a basal phosphorus (P)
app]ncatlon of "0 kg P ha

ameter were taken to a depths of 120 ¢m,
except in case  of pigeonpea. where' the
sampling depth was 150 cm. Two' cores
were taken between rows and 2 cores on
the rows between plants. A fifth core was .
taken on top of one plant.

Samples were combined and soaked n
water overmght Subsequently roots were
washed over a sieve of | mm mc.sh ,and
then hand plcked and stored in a mlxturc
of ethyl alcohol and water at the ratio

of 2:1, at S“C Fresh weights of the root
samples were mken after bloting. them w:th
filter paper. Subsequently roots were 0
dried at 60°C to constant welght, and: dry
weights were determmed ’

Leaf fall mea\m ements’

At weekly intervals, tallen led es of
pigeonpea and cowpea was collected from

~-anarea of 1 mx 1.5 m which was surrounded:
by plasuc sheets.

Co]lected »le‘dveq were

' Cumulative rainfall in both years were
“above the normal rainfall received in most
- of the years (Table 2). Rainfall distribution
~was normal during the rainy season in both
years, but the postmmy season ramfall was
- high' at: ‘the beginning .and. low_ or,{ none

in' the later part of the season..
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Tablc 2. Mmulrl\' rainfall (mm) and average mmmmm uml mmmmm Iunpwumu § l’( J ul l(' RIS»‘I? Avm v
. Center, " June 1994 o March 1996 ‘ .

YLdl’/Ml)nlh o Rainfall . Norma! r.lmt.lli N Tcmpcrmurc 1°C) o
L mm) S hemy T Maimam Minimum .
1994 . ’
June. 144.4 1044 337 236
July: 1429 191.2 29,4 224
August 1969 127.1 2849 22,1
Scptunbur : 66.0- 162.6: 304 20.9-
October 2475 83.5 29.5. 20.7
Novembier 9.6 209: 27.1 15.6
~ Décember 0.0- 5.9: 27.1 103
1995
January - 7.6: :26.2 13.2:
February. - 95 3.0 16.0
10.6 344 202
285 37.0 226
312 369 237
1044 136.5 25.0
912 30,1 0y
127.1° 302 21
162.6- 30,2 2y
“October : 835 29, l 204
“November 209 ’12‘) 3 1 6.2
i+ December: 59 284 13.9
1996 o
0.0, 16 29.6 154
February 00, 9.5 34 16.8
CMarch 00 106 360 193

In 1995, root dry matter increased ull ma-
_"’tunty} both N-0 and N-80. Kawama et
-.E»}_lal (]977) and Myerx (198()) reported that
maximum root t,_,rowth was attamed bv an—"
- thesis. - Studies conducted at ICRISAT
{1988) and élsewhere (McClure and Harvey
.1962) subgested t.ontmued root growth after
5 f!owerm;b : '

Because of frequent replemshment ot'
‘surface so ' ason rains,
“most of the rainy season sorghum ‘root

“matter declined: in N-0 after anthem., but
in N-80"root dry matter still increased.
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Table 3. Treamments, crop varieties grown and plant populations

Treatments
A. Lroppmg systems .
i vear’ i vear
Sorghuﬂrrrli’i;:c()npea Sorghum/Plgeonped SIPP S/PP

rghum + Safflower
}COWpCﬂ/P!LL()and

Sorghum + Safflower

Fallow + Sorghum

Fallow + Chlckpea

= Intercropping

0 kg N ha! (N-0)
80 kg N ha! (N-80)

Sorghum + Safflower
Sorghum + Safflowsr
Cowpea/Pigeonpea™
Fallow + Chickpea
Fallow + Sorghum-

S+SAF S+SAF
COW/PP: S+SAF ~
S+SAF COW/PP
F+S8 F+CKP
F+CKP F+§

+= Sequential - cropping

B. Nitrogen levels

C. Crops and varieties

Rainy-season crops

So hum - CSH 6 (.Sorghum b:Lalor L)
Plgeonpe.l - ICPI-6 (Cajanus' cajan (L) Mlllsp)
Cowped - GC B82- 7 (Vtgna ungu:culara L)

iny season’ crops

_ ”SPV 421 (Sorekum b:colm L)
Safflower -‘M.m_]era (Carthamus: tincrorins L)
"Chiék’p:éa’*- Annegiri' (Cicer arietinion L)

Plant population
(12,000 plants ha'y
(60,000 plants ha'l) -

{100,000 plants ha™"y’
(80.000° plants” ha™y
(300,000 - plants ha' 'y

mass was found in the upper layers, whereas, .
postrainy season sorghum roots grow deeper
because of the initial dry conditions, but
the. difference. was reduced. as the crops
Eprogre:ssed towards maturlty ‘ '

»_Newell and Wilhelm (1987) found thdt

‘when corn was lrngdted it had a higher
root mass in the upper 0-15 cm soil Jayer. -
Similar observations were found by Hundal -
and De | Datta (1984) in a sor’hum gro”"”f‘”
after: wetland rice.

Plgeonpea is a slow groWing crop in
the early stages of growth, and its roots
also grow slowly, particularly if it is in-
'§;tercropped Pigeonpea root mass in Tables
;4_vand 5.is the. averdge of plgeonped in_
.S/PP: and COW/PP intercrops. Pigeonpea

~ pigeonpea allows a

roots grew more rapidly after the harvest
of the companion crop. The maximum root

dry - weight was found during - flowering,

and it declined after that. The root system

~-of sole pigeonpea was compared with that

of intercropped pigeonpea at ICRISAT
(Narayanan ‘and Sheldrake, 1976). In' the
intercropping system, the growth of pigeon-

‘pea. roots was slow prior to the harvest

of. sorghum Thls slow root growth of
mpanion crop of: short
duration like sorghum or cowpea to grow
before the plgeonpea roots can explo:t the
soil volume SR g

Cowpea root growth was not as v;gorous
as qorghum or plgeonpea in. all stages
growth- and the hlghest ro‘;
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Table 4. Root dry weight (kg ha'') of the. (I{[feremﬂ-'civps a’uring flowering -and at maturity

Crop Fertilizer N  Flowering Maturity o
ke by 1955 T T
Rainy season sorghum 0 808 670 603,
80 1139 876 1084
- SEm () 89 65 105
Postrainy season sorghum - 0 744 853 . 848
80 970, 1319, 135
SEm {+) - 88 10 .92,
Safflower 0 392 504 551
.80 573 - 814, 769
SEm () 86 94 108 .
_Pigeonped 0 1376 1183 'l?.l‘;.)_
SEm (%) 118 97 106
Cowpea* . 0 1440 406 450°
‘chickpea : 0 689 494 458
' SEm () 79 58 467

= COWpea roots: were ' only’‘sampled from one plm

was observed shortly before maturity, but
the growth rate. was. less in later stages

Lompdred to the mmai stages Chickpea
‘oot dr

:wasobserved at ﬂowerzng in both' years.

‘Safflower- root ‘growth. was. higher. in

the' fertilized: crop - compared tothe non--

fertilized crop:The hlghest root dry weight

”‘welght was silghtly ‘higher than
»thal of cowpea. The hlghest root dry welcht» -

was observed at maturity, and the crop
showed continuous root growth even thouvhf-
the growth is siow after ﬂowerm« Thl\
,could be. due. to- the Iack f rainf: lI-m-‘f;'
the later part of the sedson orcing crops -
" fo extend thelr roots ‘in deeper layers to’
extract water.

" Figure | shows root organic matter inputs -
to the soil prbﬁieeby "thé’-”‘diffe'rent?‘C’r(’)‘ps;‘_

N Levels (kg N )

ND NGB0
P Leaves Total Roots Leaves Total: - -
S+SAF S4SAF - 1.65 221 e 221
COW/PPS+SAF 183, 314 497, 211 314 525
FiS FsCKP 082 - 082 094 - 094
“SEii’ (£)" Systems 0.08,
“SEm () N Levels 0.05

%’a Average “of COW/PP' S+SAF and - its* rmrror image: 'syst

'S+SAF. COW/PP..

Average of F+§ F+CKP and its mirror 1mage systém F+CKP F+S.
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Fzz: l Root organic mauer in_the soil profile: of. dtffevem ‘crops. during
of 1 mawmun mor mass. (nvemqe over vears), err [:urs
represent \landam’ errors of the mean.

Most of the root organic matter (70-80%) In systems with pigeonpea, leaf fall is
puts were deposited in the upper 0-30 'an’ additional source: of -organic: matter.
,-which is the layer most crops exploit. ~ Leaves start falling shortly before -anthesis
herefore. after decomposition. of . these - and continue to do so until . harvest. Figure
ots, their nutrient content would become - 2a shows the cumulative leaf fall of pigeon-
available for the crops which follow. them. ~ pea. The. pigeonpea crop C?!ﬂ.;fQ““f?b‘ﬂe
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Fig. 2. Cumulative biomass of fallen leaves from {(a) pigeonpea and (b)
‘cowpea (average over vears). Note dzjfelem sca!e “and unit of xhe
Y-axis.. Error bars ;epresem standard errors of lhe mean,

‘up to 3 t ha! of fallen dry leaves. These
lenves, besides bemg 50t1rce of N after
their decompos;tlon Iso’ dCt as a mulch
fand reduce evaporauon of water from soil.
‘Cowpea also drops leaves but their con-
tribution” is" low compared to- plgeon ea.
‘Cowpea dropped up to 140 kg ha” f

¥edves in a season (Fig 2b).

 More important than the organic matter

'i’ﬂpﬁt’s‘: of individual crops are the inputs:

of the cropping systems rotations. Table
5 shows average root dry matter inputs
:'of the different rotations. The S/PP S/pp
'rotatlon had hlgher’oot orgdm‘ ’

Th S+S Ap S+S AF sy stem contributed less

rootworganlc matter than the COW/PP

the

matter lI‘l-

'S+SAF systems provided much higher or-
“ganic matter inputs than the improved non-.

S+SAF. The tradmondl fallow systems pro—
v1ded the sm‘xllest dmount of root organic

'matter However systems which include

plgeonped 0et addltlondl inputs of organlc
matter trom plgeOnpea leaf fall, Wh!Ch make
them fdl‘ superlor to other sy\tems in terms
of orgamc matter mputs

When the non-legume components oi :
e systems were fertilized (80 kg N ha )3
it ‘was found ‘that even though the S/PP»
S/PP system provided the highest root or--

‘ganic matter input, the non«legume 5)’5““‘,?
(S+SAF S+SAF) came fairly close. This’
::13 followed by the fertilized COW/PP.

m. The F+S F+CKP was found:

10§ glve the lowest amount of root orgamc’.:

matter.
The improved S/PP S/PP and COW/PP.

legume systems (S+SAF S+SAF), even;f
when organic: matter : inputs - of - the  later.
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CKP). We conclude that longer crop
er and greater biomass of improved crop-
g systems have the potential to increase
anic matter content over that of the
-aditional system. Particularly the dropping

ases organic matter addition in a situation
vhere traditionally = all = above-ground
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