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Responses of Chickpes and Pigeonpea to Spot Placements of Nitrogen
and Phosphorus on & Deep Yertisol With and Without Irrigation

1. lntroduction

Responses to nitrogen and phosphorus application In chickpes and
plgeonpea have been critically ceviewed at the two internations!
Workshops on these crops held recently at ICRISAT, (1-4),

in fleld experiments at ICRISAT Center these two crops did not
respond to application of N and P205 ypto 100 kg/ha, when brosdcest or
pleced in trenches about 30 cm below the soi! surfece, both In the
presence and asbsence of Irrigetion (3, 6). Increases In grain yleld
renging from 15 to 26% have been obteined In chickpes at ICRISAT (7,
8) after foller fertilizetion with N and P Individuatlily or combined In
spray solutions at the pod fil1ing stege. In pigeonpess, no responses
to follar tertiiizetion have been reported (9). The responses to
follar fertiiizer spplication were, however, not consistent,

The lack of or low responses to appiled N and P fertiilzers may
be due to one or more of the following ressons:

1) The avaiiable N and P content In the sol!l considered to be "“low
In N ang P" was In fact sufficlent to meet the requlrement for
the growth of chickpea and pigeonpes 8t the present yleld levels
harvested In these two crops at ICRISAT Center,

11) Roots of pulses sre capadle of extracting P from soll low In
svallablie P,

I11) Fertillzers broadcast on the soll surfece were not effective
becsuse they do not come in physicel contact with active roots
which are growing awey from surfece layers and/or fixation of P
by the soil anc losses of N related to soll molsturs.

The effect of nitrogen on the growth of puises needs to bDe
examined Iin relation to the fixation of N by nodules. This report
examines the relationship between P uptake and the possibliity that
the lack of response is because N and P are svaliable In sufficlent
guantities In the soll,

Sheldrake and Saxena (1C) have shown that, on Vertisols under
receding soil molsture more than 40% of the roots In chickpes were
distributed below 30 cm depth atter flowering and that the proportion
of root Dbelow this depth increased to more than 505 during the pod
fliling stege. Total upteke of P from the soll ranged between 5 to 7
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kg/ha 8t o ylold level of 1500 kg/ha (2, 9). Even If the tallen
leaves sre tsken Into consideration, the totel upteke of P during the
growth perlod does not exceed 12-16 kg/ha, o situstion which Is
discussed later,

An example of the vertical dlstribution of availsbie P In g
Yertisol to & depth of ! m is given In Table 1. The tots! amount of
ovalisble P in the top 90 cm was around 24 kg P/ha, Therstore, In
spite of the low avallabliity of P In the soll (< 3 ppm), the total
amount of avallable P in the eftective rooting zone does not seem to
be insutticient to meet the requirement of chickpea at the yleld level
generally obtained in non-irrigated chickpeas at ICRISAT Center, when
the effective cortribytion of mycorrhize tor P uptake Is presumec.

A preiiminary report trom [CRISAT suggests that pigeonpsss are
very efficlent in extracting P from the soll compared with sorghum,
The smount of P absorbed by plgeonpea In a pot exper imsnt exceeded the
totel amount of avallable P in the soii. HOowever, more work |s needed
both in chickpee a3 wel! as pigeonpea on the above aspect,

The exper iments reported here were conducted 1o I[nvestigate
vhether the lack of response t0 N and P in chickpea and pigeonpes Is
due *¢ an insuffliclent amount of nutrlents in the active root 20ne.

Methods of fertilizer application in combination with irrigation
tregtments wore stucied.

2. Matarials ang Methods
Elols

The sci! was 8 deey vertisc! (ICRISAT (Center, BM3B), The average

chemical characteristics of soil up to & depth of 85 ¢cm were as

tollows:

Avaliable N (by alnaline KMn04 method): 59,7#8.0; range 38=75 ppm

Avaiiable P {by Uiser method): 6.¢#6.0; range 0,534 ppm

EC: C0.02$0.07; range 0.3%=1.17 m mohs/cm

pH: 8,07; range 7.70-8.2%

The vertical distripution of evaiiabie P is shown ir Tadble !,
According to “*he criteria adoptec In the soi! chemistry

laboravory at ICRISAT, this tiei¢ was characterized as iow 'r

evailabie N, mediur ' avai'at.e © anc moderately saline ftor jsrowing
chickped and pigeonpea,
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Mein piots were irrigeted and non=irrigated, with three
repiications. To the Irrigated plots three irrigations each of 5 cm
were applied on the 26th, 49th and 76th day atter sowing chickpes and
on the 26th, 79th and 102nd day after sowing pigeonpes,

The sub=plots were fert!!izer trestments and ccnsltyod of the
spplicetion of single superphosphate (SSP, 40 kg/P20% ha) as spot
placement at depths of 20, 45 end 70 cms alone and In combination with
urea (20 kg/N'ha). The trestments were aliotted In o rendomized biock
design, \

The method of tertliizer placement Is shown In Fig, 1, Holes
were made to different depths wusing a crow bar., Fertllizers were
applied In the hole by Inserting & poliyethylene tybe with a tunnel ot
the upper end., Atter fertlilzer spplication, the holes were covered
with wet s0ll., One hole was made In the center of 4 plants on each
ridge. In this way, 200 holes were made In each plot for the spot
placement of tertilizers betore seeding.

Sowing was done on October 3!, 1980 and & 5 cm post-sowing
irrigation wes glven to ensure unltorm germination. The detells of
harvest are gliven below:

Chickpep (cv. LPS-1)

Non-irrigated : Feb, 5 7, 1981
irrigated : Feb,19 22, 1981

Plgeonpea (cv, EON-1)

Non=irrigpted: Mar. 11 14, 1981
Irrigated : Mer, 19 21, 1981

Plant samples were oven drled, welghed and ground for the snslysis of
N, P, K, Na and In contents,

3. Results and Discussion

Vertical distribution of soll molsture In non~irrigeted plots on
two different dates Is shown in Flg, 2. (t [s clear that even sfter
harvest, molsture content below 30 cm was sbove fleld capacity (around
28% by wt.), probably because of the effect of the neardy iake,

Chemical characteristics of the Irrigation water used from the
neardy ioake ore shown in Tabie 2. The amount of nutrients applied
with esch irrigation was 0.75 - 1 kg N/ha and less than 0.05 kg P/ha,
The total amount of nutrients applled through irrigation weter was
around 3 kg of N and less than 0.2 kg of P per hectere In all four
irrigations. The irrigated treatments, therefors, recelived sbout 10§
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more N compered to non=Iirrigetec trestments, whereass the supply of
phosphorus due to Irrigstion wes negligidle.

s) Chickpes
) Analysls pf harvast data

Signiticent ditferences and interactions were observed due to
Irrigetion end fertiilzer treatments (Tables 3 and 4). Thers was no
significent eftect of the depth of fertilizer on the cheracters
measured except 100 seed weight, total P uypteke and P content In
greain, The date are shown In Flgs, 33, .

increese In meen graln yleid due to Irrigation was 75§, due to P
appiicetion 8.0% and due to combined application of N and P was 13.9%,
A lerge Increase In grain yleld of 32§ In response to combined
plocement of N end P was observed In the non-irrigated trestment.
This was probadly because the nodules regressed and/or ceased to be
ective eariler In ¢this trestment, This wiii be explained In !ater
paragraphs,

fn the Irrigated trestment, the combined applilication of N and P
resulted In a larqger response Ir dry matter of shoot than In grain and
hence decreased the harvest Index (H.l,),

increese in the '00 seec weight from 14.3 to 15,4 ¢ end grain
protein from 13,0 to 19.6% occurred In response to Irrigation. The
eftect of soll salinity In decreasing 100 seod welights and proteln
content of chickpee grain has been reporte¢ recently (14), Chickpea
ls classitied as a plant sensitive to salinlty, the level &t which
ylelc begins to dec!ine dbeing about 1 mmhos/cm (15),

Date in Flg. 4 suggest that moderate leveis of salinity may lead
to & reduction in 100 seed welight and gralin proteln content without
apprecisbly reducing yleld. Irrigation appeared to amellorate the
effects of salinity on seed welght and protein content,

Protein content in grain increased s!gnificantly from 15.7 to
17.9¢ when N and P were applied together., No signiticant Increase In
P content of the grain was observed In response to application of P,
However, & significant uptake In the total N and P was observed by the
Joint application of N ana P in the non-irrigated treatment, and by
the application of phosphorus alone 'n the Irrigsted treatwment
(Fig. 5). The total uptake of P, P content In the graln and 100 seed
welght were significantiy affected by the dep*h of fertilizer
plocement (Tables 3 and 4). Total P uptake and P content in the grain
were highest when tertilizer was placed at & depth of 45 cm, compared
with 70 cm and 20 cm respectively (Fig. 6). There was no significant
ditterence In N uptske with different depths of placement. This
Indicates that perhaps *he most sultable depth for maximum P uptake
may be around 45 cm, wheress N applled as a spot placement was
absorbed equaliy well Irrespective of the depth of placement between
20 and 70 cm, Fertiiizer placed at 70 cm decreased 100 seed weight
from 15.1 ¢ to 14,3 g,
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11) Geowth pattach analyals

T™he response to irrigation of growth end N and P upteke
spparent after 308 flowering, dut differences in noduie growth dwe to
Irrigstion appesred even eariler (Figs. 7-10). Nodules continued to
Increase and meintain themselves during the reproductive stage, except
during podfii! for a short period atter Irrigation (Fig. 7). In ¢the
non-irrigeted trestment, In spite of the fect thet the molsture
content In sub-sol| was sufficlent for pient growthr (Fig. 2), nodule
senescence was falirly rapid. This suggests that sdequate moisture In
the uppper layers of the soll Is necessary for continued nodule growth
and octivity,

In the irrigated treatment nodule growth was encouraged with P
application, but It was not effective when N vas applled together with
P. Similer though not significant resuits were observed In the
non-irrigated trestwent. Changes In pattern of total dry weight and N
and P upteke were quite simiiar to each other (Figs, 8=10). In bdoth
Irrigeted and non=irrigeted plots the N and P content decreased during
ater part of the reproductive growth., This decresase appears 10 be
reieted to the loss In dry matter and nutrient content as & result of
ieaflet drop (Flg. 11 and Table 3).

The dry weight In frults Increased simost |inearly with time In
irrigeted end to some extent In non-irrigated treatments. (n the
non=-irrigated trestment there was no net uptake of Nand P In frylt
parts In the Iaster part of the reproductive phase (Figs, 9 and 10).
iIn the non=Irrigested plants It asppesrs thet there was |ittle
trensiocation of N and P from vegetstive to frult parts close to
maturity., This resuit agrees with the remarkabie decreass In green
leaves during the mid-ripening period In this treatment when the tota!
dry matter continued t0 Incresse. A comparsbie decrease was not
observed in irrigated plants (Fig, 11),

The effect of N on Increasing the totel dry matter at ail steges
of growth of irrigeted and non=irrigated chickpea were observed when N
and P were applled together. The response was aiso evident In frult
parts but in the non-irrigated treatment only; whereas response to P
alone was noticed In the irrigsted treatment. The pstterm of N and P
was simiiar to the pattern of dry metter accumuiation In response t0
fertiiizer treatments.

The N concentration in the lesves remeined around 5% throughout
the reproductive phase in the Irrigated treatment but deciined sharply
in the non=-irrigated treatwent after fiowering (Fig., 12), Higher dry
matter production In Irrigated plots may be a consequence of a better
nitrogen status. N and P concentration with Irrigation were always
higher than those In the non-irrigated plants throughout the
reproductive phase, except for P In the stems (Fig, 13). in the
non-irrigated P + N treatment, the N concentration of lesves and fruit
parts were higher throughout the growth period than In the other
treatments (Figs. 14 and 15). On the other hand, N concentration In
the nodules decreassed with tertilizer application, probably dus 10 the
positive effect of P on nodule growth (Fig. 7) and the negative eftfect
of nitrogen on K2 fixstion In both the Irrigated and non=irrigeted
treatments (Fig, 16).
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The P concentrations of lesves and frult perts responded to P
spplication in s wmanner simlier to N, but ¢this effect wvas
stotistically not significant,

111 Ahserptlon rate and loss of nlirogan and phoaphorus

As siready !|lustrated In Figs, 8~10, maximum dry metter and N and P
upteke occurred 8t 82 deys In the non=irrigated and et 95 deys n the
Irrigated treatwents, atter which there wzs 8 sharp decresse !n dry
matter, primerily due to lesf fal towsrd harvest. Consequently,
20-30% of tota! dry matter, 50-55% of N and 35-508 of P were fost
during the ripening process (Table 3). - higher proportion of N and P
then total dry matter was lost in all t-eatwents Indiceting that N and
P In chickpes leaves may not be transiocsted from vegetst!ve into
reproductive parts before l(eaf fal . In pigeonpse such &
transiocation seems to teke place as discussed lster. (nterestingly,
under the non=irrigated condition the |oss of nutrients was higrest In
the control "nl(" trestment, wherea: with Irrigation the highest l(oss
was from the "P+N® treatment, suggesting that spot placed fert! Izer
In the non-irrigatec treatment might reduce the losses of tota! dry
matter, N and P more then in the Irrigated situstion,

Based on the results of Flgs. 5, 9 and 10, absorption rates of
fertilizers were estimated by the bdalancing method (Tabie 6). In
non-irrigeted piots N appiled together w.th P stimulated the rate of
absorption of P both at the time the plants had atteined the!r max!mum
dry weight and st harvest. |t should be noticed that when N and P
were appiled together In the [rrigated treatwent nesrly 40% of the
applied SSP hed been absorbed by the time of maximum growth, If the
amount of N fixation was assumed t0 be similar between control and
"PeN" treetment, more than 80§ of the urea was absorbed by the time of
harvest,

These observations suggest that deep and spot plecesent of P
could resuit in marginei increases in grain yleld of chickpea even
when the leve! of avaiietie P in the soll profile may appear
sufticlent, Spot appiication of N together with P appears to be
etfective In incressing grain yieid and grain proteln content under
receding soif molsture. Ffurther, spot appiication of fertilizer might
increase the efficiency ot fertiilizer use.

lv) SUmMCY

Insutticient nutrients in the active root one 8s & possible
regson for the jack of response to N and P In chickpes was examined by
desp and spot piacement of fertiiizers (SSP and . ea8) with and witho.t
irrigation, Grain ylelc increased by 79% due t¢ Irrigation, by 8.0%
due to P aione ana 13.9% when N and P were applled together, In
non-irrigated piants, grain v'eid Increased by 328 In response to
combined N and P placement, which probably compensates for early
cessation of noduie activity in this trestment. Welght of 100 seeds
Increased from 14.3 g to 5.4 g and grain proteln cortent from 13.0%
to !9.6% when Irrigation was supplied, perhaps because of the
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amel loreting eftect of irrigetion on salinity., Comblned N and P
sppiication significantly increased grain protein trom 15,78 to 17.58.
Under the non=irrigeted ocomdition, spot epplicetion of N plus P
stimuisted t™he P absorption rete.

b)

') Analyals of haryest data

The gralin yleid, N and P uptake and grain protein content of
pigeonpes responded to Irrigation in s menner similar to that of
chickpes though the magnitude vas smalier (Tabies 7 & 8; Figs, 17, 18
and 19). The vegetetive and esriy reproductive growth was reduced
iomediately tollowing the first and second Irrigetions (Fig. 20)
probably because of temporary asnserobic conditions as expisined later,

The etfect of irrigation in ameiiorating tha eftects of {inlty
are seen in the increased proteln content of the grain in irrigated
pigeonpea. A simiiar effect was observed In chickpea es discussed
eariier (Fig, 4 & 19),

Combined application of N and P Irrespective of depth of
appiication resuited In very smail Increases In grain and strow yleids
as well as N and P uptake (Fig, 178 18), The diftferences between
control (nll) and "P+N® were not significent, but were so between "P"
and "P+N"., The placement of SSP alone may depress the growth of
pigeonpsa at the vegetative and podding stages. This Is discussed
later.

in the non-irrigsted tregtment the aeppilication of nitrogen
increased straw yleid more than graln yleld, resulting In the decrease
In harvest index (H,l.) (Flg, 17),

With irrigation the protein content in grain was not affected by
depth of ftertilizer placement whereas In noneirrigeted plots, “P+N®
pleced at 20 cm Increased the protein content to 16,15 from an average
of 16.7% at 45 cm and 70 om,

1) Analysis of growth patterns

Pigeonpea ieaves, especiaiiy the new ones, became vyellow and
remained so for several days after the first and second Irrigations,
probabiy because of the harmful eftect of excess molisture (anaerobic
condition) on N fixation and/or the uptake of other nyutrients
(Fig, 20, & Fig, 25, 26). Simiiar symptoms were observed with
chickpea a few days after the tirst irrigstion. Compered to pigeonpes
this symptom disappeared eariier in chickpea., It Is |ikely that such
nutrient deficiencies might have been the reason that growth was
retarded at the vegetative and fiowering stages. Measurement of N and
P contents In different parts of plgeonpess two weeks after the second
Irrigation (88 days after sowing), reveal that the concentrations are
in fact lower than those in the non-irrigated trestment (Fig, 25 &
26). After the third irrigation, however, vwhen soll cracking had
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siresdy commenced In the non-irrigsted trestment, N and P conteats in
Iirrigated plgeonpes remsined higher tham those In the non-irriceted
plots resulting In & significent Increase In N ond P upteke In
irrigated plgeonpsa at hervest (Table 8, Fig, 18 4 20). The Incresse
In the contents of N and P In green ieaves and stems in both Irrigsted
and non=-irrigated trestments st harvest might be sttriduted to the
perennial nature of plgeonpes (Fig. 25 &4 26).

As In the cese of chickpes the dry weight of green |eaves
decressed remarkadbly while the total dry matter was stif| Incrmlng
{n the non=lrrigated treatwent (Fig, 21). It remsined more or less
constant In the irrigated trestment,

in the non=Irrigsted treatment the dry matter not only decressed
In vegetstive parts but aiso in frult parts from maxisum totel dry
matter at 118 days after sowing to that found at hervest. Even with
lrrigation there was no Incresse In the dry matter of the frult perts
during the meturing stage (Figs. 20 and 21) encept In the "PeN"
irrigeted treatwent (Fig. 22) Indiceting that In this experiment
physiologice! maturity was eariler than the stege et which the crop
vas harvested.

Application of SSP aione suppressed the growth and N end P upteke
both at the vegetative and podding stages I[rrespective of the
Irrigation treatment (Fig. 22-24), The negstive effect of the depth
of SSP placement st 20 and 45 cm depth was obsePfved In thy
non=Irrigeted treatwment only (Fig, 27). However, st harvest the finaj
grein ylelid was simliar to that In the control (nll) trestment, (N
the presence of urea the negetive effect of SSP was not agparent. The
reasons for the negative effect of SSP alone on fhe gtowth of
pigeonpea and the alleviation of Its hermtul effect when appiied slong
with urea are not clear. Recent studies with seversl tropice! legumes
In solution cuiture have shown that plgeonpsa Is very sensitive +to
"excess” P concentration (Beli, RN, & Edwerd, D.8.: Personal
communication). More work |s needed on this aspect.

There was no significant difterence in N and P concetitrations In
leaves, stems and fruit parts dve to ferti!izer treatment, except In
the ieaves and stem at the stage just before flowering (Figs. 28-30),

H1) Ahsorption rate and Joss of nitrogen & pghosphorus

Apparent absorption rate of N and P in the "N+P" treatment was
about 285 and 5%, respectively, at harvest as estimated by the
balancing method. However, there was no differnce in N and P uptake
between the control (NII) and the "PN" trestment (Figs. 23 & 24)
during intermediate growth. Perhaps becsuse of the retarding effect
of SSP on the growth of pigeonpea, the apparent sbsorption of N end P
in the "P® treatment was negative,

The losses of totel dry matter and N and P In the crop were
mainly due to leat fali dur!ng the ripening process (Table 9). The
loss of totai dry matter was 24 to 458, of N 18-36% end of P 8 to 29%
during the 1ast 2-3 weeks before harvest. On an average, the 10sses



Nye'y

vere low In the irrigeted treatwment probadly because the regrowth was
sore effective compared to the non~ Irrigated treatment, By contrast
with chickpea, losses of N and P were lower than the loss In dry
metter, suggesting that Ik plgeonpsa N and P (n senescent |eaves might
heve been more effectively transiocated to the stem and other parts
prior to their fail,

Losses were also smal!l in the fertilizer treatment In both
Irrigation treatments. Especially with Irrigation, the losses In dry
matter from plants were least In the NP treatwent, This treaiwent
might be favouradle for continuous ratoon growth,

it may be concluded on the basis of the sbove observetions In
rab! pigeonpes that:

a) On deep Vertiso!, where moisture In the sud=soll layer remains
high untii hervest (Flg. 2), Irrigations at early stages of
growth could retard the vegetative and eariy reproductive growth,
probably due to Inhibitory effects of excess molsture (aneerobic
condltion) on the nodule activity and/or on nutrient uptake.
However, late (rrigations, at & stage when soll cracking begins
in non=irrigated trestments, promotes reproductive growth,
Growth at the sarly and late vegetative stages of pigeonpes
(BON=-1) appesrs t0 be more sens!tive t0 excess moisture than does
chickpea (CPS-1),

b) Deep and spot plecement of SSP alone may have » negative effect
on the growth of plgeonpes on a Yertisol with a medium level of
avalladble P. Spot spplication of ures together with SSP sppesrs
to overcome the negative effect,

v) Supmary

The grain yielc (15.4%) and N and P upteke of rabl plgeonpes
responded to Irrigation, These responses were, however smaller than
those In chickpea., This iower response In plgeonpsa might be because
plgeonpee |s more sensiti ve than chickpes to anserobic conditions thet
prevall sfter ‘rrigation,

‘Graln protein content increased from 17,5% to 19,08 due to
Irrigation, perhaps because of the amellorating effect of irrigation
on soll saiinlty,

Application ot SSP alone suppressed the growth of pigeonpes ot
the vegetative and tiower ng stages, which was overcome when urea was
app!ied together with S5P, Application of wures with S§SP incressed
grain yleld ov 5.7% anc 7.7% comparec to the control (nil) and the
"SSP ajone treatment, respectively. The combined application of P4N
2i50 resuited in increase in straw weight and N and P uptake. Proteln
and P contents ir the grain dld not Increase in response to fertiiizer
application,
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Table !. An example of vertica! distribution of available
P in g Vertisol!.

Depth avai =P (ppm) bulk density P kg/ha
Q- 15 cm 3.0 1.3 5.9
15 - 3 ¢ 2.5 1.4 5.3
30 - 60 cm 2.0 14 8.4
60 - 90 cm 1o 1.4 4.2

Total 23.8

Table 2. Chemical analys:is of the water used to lrrigate
the pigeonpes and chickpea plots.

Days after

) d 26 49 76 102
sowing
oM 7.9 79 7.9 8.0 7.6
£EC m.mhos/cm g 5= 3.6% 0.78 0.67 0.66§
C {ppm) A e 58 53 62
sof' . R 10 15 20 0
NOBN 5 < 3. 75 0.7 0.7
Total-N ,, ‘ ' ' 1.2 1.3
K* ) 5.0 K 2.9 4.0 4.0
Na' . 10 121 164 126 121
: #
Total-P ,, N N. N Nil Nil

3.1 ppm)

3
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Table 5. Losses in tots! éry metter, Nitregan end Phesghorws
during Ripening Process of Ohichpes.

{Loss § of Rexims’)

. Fartl izer Tote!
Irrigated trestment éry matter " ’
Mor-ircigated None 26.9 $$.1 .6
4 22.1 4.) %.2
Pon 20.6 . ¥.9
ave raQe 3.2 51.% 6.2 .
irrigeted Nons 21.4 43.0 83.0
’ 1%.0 0.1 .1
Pon 23.) S8 9.’
average 25. 4 §1.3 M)
(‘i 82 ceys after sowing for mon~irrigated
95 days after sowing for irrigated).
Teble 6 A. Absorption Rate of SSP-P(3) by Chickpes.
Non-irrigeted terigated
Fortillzer ot BZ days ot Rarvest ot 35 days g harves t
(4 L 6.7 15.3 12. 4
(] 184 1.3 8.7 Vi.6
elifiibomanu:

-

‘ . .y
6 8. Absorption Rate of Urea=N (3) by (Mickpes
! Marvest.

shOr- it aated irrigated

o o ’5.0

Adsorption Rate = P or N absorved (at aspplied plot - at'Mone'‘plot)a 100
“F or N appliad

% Same level 0 N tisation betweer "HORE' NG ‘PN’ 1y Bssumed .
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Table §. Losses of tota! éry matter, nitrogen and phosphorus as § of
sasioum ot 10 doys after sowing during the ripaning process

of pigeonpes
Irzigation Fertiliser Total N ]
Dry Matter

- None ns.o. )5.8 4.0

- Pl 9. ¢ 1.7 1.2
average 40.9 2.2 20.6

. None 1.4 0.8 1.0

. | 4 2%.? 6. 4 14.9%

. PeR 23.8 0.6 8.2

average 28.4 4.6 14.8




In

fig, 1. mnathod of spot placament of fertiliser in the figld,
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dopth

()

"'0 1'

Distribution ef molsture In the soll profile (80/8) rebi,
B 30 ot ICRISAY Conter)

(23 Fed)

in non-irrigated plots
{received irrigation only at sowing time)
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F1g.0, RNesponse of 100 seed welght nd grain protein end P o plosement of P

ond N with ond without Irrigation
- ;rr;h ! lrrl
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(L

b i (L8051 for Fartl. U
- m sy T I
e ‘ x
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Lr.‘_.mm o — ’g —— r - i ——

'.:._._.4 (L30 8% for Irrl.)
o;“ 1 1)) o'_* H 14 " ) ¢ %

Protelin in

z e = "

0 80&} 0.4) 0 o 0. t

P in grain
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Fig. 5. Totsl wptoks of N and P by chickpes ot herwst
with sad without irrigation
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Gepth of fert it iler plreamant (om)

Fig. 6. Eftects of depth of tertl! iser plagemant on Hhe fote! uptehe of
N ond P ond Hhe P gantent In hichpes ot horvest With (omegm-e)

nd vithout (0~=0==0) irrigeatien

( ) ' | A
.
s ]
4 (LSD 9% tor depth)
20
49+ - Nitrogen
70—1 -y /
[ ]
(LSD 98 tor irri.)
0 '0 N 0 10 19 ng/na
L_‘.' 4 4 I 4 L‘tl e e n S Y 4 1
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bl - \
4% N > Phosphorus
70 h /
e cavenrf
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Fig. 12, Changes in N concemration. in parts of chickpes with and withoy'
Irrigetion (Y 'n d,0,)
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Fig. 13, Chonges In P conuuvuNiens 9 SEIpESER G0N oF S0P WO
and without irrigation (3 In é.a.)
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Fig. 1A, Chonpes in N and P camcontrations (3 of dry matter) In green esves
of chichpes In diftorgnt fortilizer and 33!“&!& tmLum
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Fig. 15, Chonges in the W and P concentrations (Y of dry setter) of chickpes
fruits in diffarent fertifizer ond irrigation treatments
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Fig. 6. In X and P goncentrotion (§ of dry matter) of ehlckpes
nodules In differeat fortilizer and irrigetion tredtments
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Response in yvield of pigeonpes (B9w—1) to P and » placement witn and without

irrigation
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Fig. '8, Total uptake of ¥ ond P by pigecnped ot Marvest
1tage with and withgut irrigation
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Fig, 19, Responses of pigeonpes §rain to * ard N placements
with and without srrigation
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Fig. 2%, Changes in nitrogen concentration In various ports of
pigeonces with and w.thout irrigation [} in dry matter)
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"% 25, (hanges in pRosahGYus concentration In various pares of
Pigeaonped with and without :rrigation (% in dry matter)
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Fig, 38. C(hanges in N and P concentration of plgecnpes green lesves
Y In dey matter)
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Fig. 29, Chenges - N and ¥ concentration of pigeonpes stem
(Y in dry matter’
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Fig. 30, Chonges in N and P concentretion of pigeonpes Pruit parts
(Y in dry motter)
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PART 1|

Ettect of Phosphatic Fertilizers on Chickpes end Pigeonpss
Growth under Difterent Moisture Conditions In Yertisol in Pots

1. lntraduction

The Farming Systems Program st ICRISAT reported that the relative
responses t0 added phosphorus on Vertisol were as foliows;
Sorghum>Mi | le4>>Pigeonpes (ICRISAT Annua! Report 1982, p,253-2%%). In
o pot experiment, they also showed that pigeonpes was much more
of fictont than sorghum In absorbing P from sn Altisol low In avalisbie
P (Ibid, 1979/1980, p.184-18%),

The objective of this experiment was to observe the responses of
chickpea and pligeonpes to phosphatic ferti{izers under different
molsture levels In pots using & virgin Yertisol,

2. Materials and Meibods

Soll

Some chemical properties of virgin Vertisol wused (n the
exper iment are shown In Table 1. Elghteen kg of alr dried and evenly
crushed sol{ was added to each pot (Poiyethyiene bucket), *

Table 1. Chemical Properties of Soll (ppm dry basls)

---------- W W T M GO G G B B O B B O e g O G U A Y A O I e B

PK EC Availabie  Exchangesble Avallable
(mmhos/cm) N P K Na Mg In Fe

B e L4

8.30 0.28 48 0.7 150 237 22% 0.54 5.0

Phasphatis fertilizers
Single Superphosphate (SSP},

Fused Magnesium Phosphate (FMP), ..., ¥ in FMP Is almost
insoluble in water ang slowiy soluble in ollute acld.

No fertillzers except P were added.

P tertiilzer (140 mg P/pot) wes band placed es a powder at 17 cw
and 19 cm cepth for chickped and-pigeonpes, respectively,

The amourt of P applied nearly corresponds to 20 kg/ha,



Misturs treatesnt

,AveLp of. a0l |- goisture contept perp aplp }
Mm %, (tleid cepacity), 233 (miedie) and um ahowp. i | m
polint), umnmm loveln ¢ APpor
period, deionized weter wes sprayed on the surtsce;of theyepll: 49 mh
pot every two days.

* "1

HE TR Sy R T L]
PR . . ' . ' RERETY I 3
Blant cultivation | S
-The twp puises were cultivated as follows,
ca . = At
et o -ood meeesaee )
Chickpes Pigeonpes
o L 2 AR S N D
Cultivers. CPS-1 . |CP=1=6
‘ oo " AR
St AR RE T
Sowing on 7 Aug 1980,  on 20 Aug lﬂO,, 6 nl sthetens

9 seeds/pot, 7 9 seeds/pot, Jom .., , ,L‘,v‘»
cm depth with depth with seed

fiquid Inocule= Inoguistion,

tion, .

Thinning on 18-20 Aug. on 28 Aug. to 4
to 4 plants/pot, plants/pot.

Harvesting on 5 Nov 1980 intermad iate; 2

: pliants on 27 Nov o
1080 Fln.ll P4 ' 4
piants on 3 Fed
1981,

- - - O G T G O S W O B W A P e O G W e A

Three replications of treetments were kept In the screenhouse
and/or glass house during the growth period, Molsture stress severely
dgcreased the growth of both puises.

3. Sasults and Dlscussion
m : \wk

ar g
As shown in Fig. 1, chickpes responded wel| to P wpilcation with
Increasing molsture in the soll, resulting in sbout thres. times. higher
graln yleld as well as total dry satter of shoot st fhld mlclfy
(21%).

_ Contrery to shoot snd grain weight, root dry welght wves |ess
affected by moisture level In the soll, SSP stimuintod reot. growth
oven ynder -olmm stross (198),
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Pepe B

FMP which is solub  (2ed 1, o 0 wuidl  CORdition In b

I m*mu w m muwm .
o4 9
e e At e B R
M elkei 1ne condition of wll

um#un hopt eptimum,
ndr e uada ight it weed e iy w1 Yh Yhe Bolsture ng!n

in  sighgred oetts’ voighed indreaded: Mmmulvm::mmm
M isalfoaiore! ad Poued B066M, wheress. the mek! cbeerved ot POf

mole fovel n solls where P was qplm iFig. 8.
otal P uptans ‘, ot nh;w sl 87 clleled the g owtr pnﬂarn

uf M'i’ M‘. MW’NW“
o Phobtd; el Ny o?n‘“w tn wtnmd m’
| on | { .
m.?hﬂ”i"”c'!nmrumgw ” “’ @ .cxt'mv»mwly et «u::ud"!stz’
uwumlwwm’m " mv grotn abvighdly indronsed’: ma )
g oopatiorfiorttiotg copheity (2789 O8 the z
ruom «IP i gpBi Medtion, - TSRS SITOE | 0brNinngdti
9red: GBPOPVER th P ane N ‘-m-um Wiz S0e9)
grein, aithough the resson for this Is not yet knowh
(Fl.. X R
The abrorpticn rate ot F, cal .iated A TNE 01t el Gy () ot
be TwePhg ammmurm owz ‘soteulared m the dttterenctd in:pots
oroodhoi appli 08t IO -Fors: tertti teers and: eon®ret; 15 shown In Fig, 6,
More than 10§ of $5P=P was sbsorbed at fleld capecity,

bigauhpa
B gﬂt‘”“@k Cloe Tuy W W PP Sa Wod 1 e

ror ol 'gmw 0530 Pospbnidd-wet( %o rnplm’m o' wll 2thb-icase

téh.ch m JThvostven wber mefeture $Prest) seeh G0S0%-19f-en¢

)| w-mmv Incrostdd - §rafn-yleid more than twice, respectively.

Ropt growth pareiieied shoot growth . )
' Wb 4 W ¥

iin the 0000 of pigeonpes, shoots of ™o plants !SP4 I0  from- each
pet o5 intermadiote sanpies at the stage of tiower [attlatien, Durl
p80: formation, nambly from tiower initiatien to- /flngt. hervest,
Gdys, #otal dry-matter increased aimost twiee 1n aVGrage; irrespective
of troatmants, whereas, P content of the plant cmmucf ‘e’ then
throe. times (Fig, 8), In -contrast ‘to the-redyits-of fheld oriais
(4,09, ‘P conceatration In green teaves Incrodesd-aorkediy: during -puod
tormation~ (Fig, 9), Namely, P absorptien  was-9ieerly agesiereted
sftor-tiober [nitiation, resuiting in !ncreased N-uptihe: +<Peroentage
of'P-and M I losves st tiower Initiation might Mﬁ‘“ﬂhﬂl’ﬂ”l Hor
mmm A3), Indlcating thet during the 00 phhiod : (more
31 months) pr pea  could only sbudrd P stcebeut the: or I Nos|
Mm Iniproporeien- » Incroase-in grewth-tn'the ' pot euper iusnt,
Atters tiower: mmmon, -of 8SP was sbeorbed folriy wveli-eveh under
severe'molstere stress condition(195), wheroas P of PWP was absorbed
wel| \:Mn ooH -olsfuro vas kept at 23 ond 271
row ‘ s, ME Ly ate :
ta.r. fn ooﬂruh 1'0 ﬂn resuits with. chtmw P : m ‘8
tolety - «gosdf ‘grain: . yleid  under mm«mnummm of g0l ¢
olstave  (23%) as shown in-Fig. 7. 'This mesns: thutcpigeenpes;: Mevieg
@ relatively longer growth duration, mey be sbie 1o extract P from
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scarcely soludle P compounds such as PP more efficiently than
chickpes, especialiy at iater growth stages.

P S In grein wes lncreased vuith the eppilication of 9P
Irrespective sol| molsture fevel, however, with PP the Incresse
ves oboerved only with 278 moisture In soll (Fig, 10). Unilke the
case of chickpea, there was no relationship between P§ and N§ In
grain,

As Indicated In Fig, 11, more than 208 of $SP=P applled was
totally sbsorbed st tleid cepacity (27%),

Summacy

Responses of chickpem and pigeonpess to single super phosphate
(SSP) and tused magnesium phosphate (FMP) under three levels of sol!
moisture = 195, Just asbove wiiting; 235, medlum; 278, tleld

cepacity, by welght - In pot condition using virgin Vertiso! were
studled.

Both puises responded well to P appilcation as soll molsture
level Increased, resulting In a three=fold Increase In grain yleld st
fleld copacity (27%).

P snd N absorption were aiso considerably affected by application
of phosphatic fert!|izers and the level of soll molsture,

Pligeonpeas seemed to have & greater ablilty than chickpeas to
absordb P from scarcely soluble P compounds under low molsture
conditlions.,

4. Bafsrancas

1. Hirata, H, Responses of chickpeds and pigeonpsa 1o spot plecements
of nitrogen and phosphorus on a deep Yertisol with and withoyt
Irrigation, Progress Report No. 11, Pulse Physiology, [CRISAT,
Part |,

2. Sheldrake, AR, & Neraysnan, A, 1979, Growth, development ond
autrient upteke In plgeonpes, Jour. Agric. S$ci., 92, 513~526,

3.'Edurds. 0.6. 1981. Development of research on pligeonpes
nutrition, Procesdings of the International Workshop on

Pigeonpess, Vol.!, 205-211,
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