STUDIES ON THE EFFECT OF INTERCROPPING

DF 8ORGHUM WITH GRAIN LEGUMES
UNDER SEMI ARID CONDITIONS -

K. Chandra Sekhara Reddi




STUDIES ON THE EFFECT OF INTERCROPPING OF SORGHUM
WITH GRAIN LEGUMES UNDER SEMI ARID CONDITIONS

THESIS SUBMITTED TO THE
ANDHRA PRADESH AGRICULTURAL UNIVERSITY
IN PART FULFILMENT OF THE REQUIREMENT FOR
THE AWARD OF THE DEGREE OF

MASTER OF SCIENCE IN AGRICULTURE

BY

K. CHANDRASEKHARA REDDI

DEPARTMENT OF AGRONOMY,
COLLEGE OF AGRICULTURE,
ANDHRA PRADESH AGRICULTURAL UNIVERSITY,
RAJENDRANAGAR, HYDERABAD.

1977



CERTIFICATE

It is hereby certified that this thesis entitled, 'STUDIES ON THE
EFFECT OF INTERCROPPING OF SORGHUM WITH GRAIN LEGUMES UNDER SEMI-ARID
CONDITIONS', 1s a bonafide record of work dome by Mr., K. Chandra Sekhara
Reddi, under our guidance and supervision and that no part of it has
previously formed, in whole or part, the basis for the award of any degree,
diploma or other distinction, Such help or source of information as has

been availed in this connectidn is duly acknowledged.

MM, HUSAIN B.A. KRANIZ

Associate Professor Internatio Agr::zfiz;
Department of Agronomy Farning Systems Reg€arch Program
College of Agriculture ICRISAT

Hyderabad-500030 Hyderabad-500016



ACKNOWLFDG FMENT

I wish to express my heartiest oratitude to Dr. Mir Mustafa Husailn
Chairmar of the Advisory Committee, for his insoiration, valuable advice

and assiduous guidance throughout the period of study.

Grateful thanks arn due to Dr. R.A. Krantz, Co-Chairman of the
Advisory Committee for his valuable sucgestions, constructive criticissm
and continuous h2lp in carrying out the research work. !'is expert sugges--
tions and insight have had an inestimable impact on my present and future

professional thinking.

I arn thankful to Dr. A.V. Chari, member of the Advisory Committee
for taking keen interest in my research work and for giving valuable

advic2 from time to time.

My thanks are due to Dr. T.M. Vittal Rao (member of the Adivsory
Committee), Dr. D.L. Oswalt, Dr. A.S. Murthy and Mr. S.K. Sharma for

th21ir cooperation and help in carrying out the research project.

I wish to thank Drs. S. Chandra Sekhara Reddy and R.V. Willey for

their valuable criticism in preparation of this manuscript.

The friendship and cooperation enjoyed by me with ny colleagues in
the department of agronomy are unforgettabla. Their help has contributed

in many ways to complete the present study.

Grateful appreciation is expressed to the International Crops
Regsearch Institute for thes Semi-Arid Tropics for awarding me the
International Mineral and Cherical Corporation ferllowship and for
providine all possible facilities in conducting the experirent, prepara-
tion of thesis, and making available the secreotarial staff of Farming
Systens Research Program for typing the manuscript.

K tbemridoo el
[K. CHAMDRA SEKHARA RFDDY]



INTRODUCTION

REVIEW OF LITERATURE
MATERIAL A4AlD HMETHODS
RESULTS AND DISCUSSION
GENERAL DISCUSSION
SUMMARYS CONCLUSIONS
BIBLTIOGRAPHY

APPENDICES

CONTENTS

Papes

12 -

29 -

43 -

11
19
38
42
44
VIII

VIII



INTRODUCTION



The intercrepping practice becomes more relevant to semi-arid
tropics whaore water 1s the primary constraint to apricultural production.
This ainms at naking the bast use of the land and water resources, thereby
obtaining crop prowth durinp the period fron pre-monsoconic te the post-
monsonnic rains as long as watet is available for the prowing crops.

Another objective of the intereroppinpe technique is to ensure the survival
and production of at least cne crop of the several crops in the combination,
resulting into economic yield under unfavourable weather conditions. And
vhen the season happens to be normal, particularly in respect of precipi~
tation, the total production under the systen should prove to be hipher than

that obtained by growing eithar of the crops.

Pecent studies on intercropping conducted under optimum technology
have indicated substantial increase in yields of crons compared to the same
craps grown singly. Intercropping techniques could further be devaloned
for yield increase by the choice of suitable cultivars, planting time,
optimum population, suitable spacinp, etc. so that total leaf area duratinn
is extended to an optimum with conditions conducive to a prolonged period
of light interception by the erop canopy. Certain studies on intarcropping
have also revealed that the uptake of the available nutrients and their
utilization 1s also higher -under the system (Whittington and 0'Brien,

1968 and Lakhani, 1976).



Intercropping, in cnntrast to single cropping, involves many crop
combinatior- that rmust be investipgated as individual crops within the
combinations in order t» evolve the rmest suitable system. It, therefore,
bacomas dnasirable to make a choilce of crops, espnciallv the main crop,

out of several possible combinations.

RBased on these fundamentals and understanding of crop combination
the present study was prosrarmed involving sorghum as the principal crop

raised in combination with pipeonpea (Cajanus cajan J..) and mung bean

(Phaseolus aureus L.). Sorghum is the main crop grown in dry regions and

the arain is also used for food by larpge number of people. Sinilarly
pigeonpea, a lone duration crop, and munrbean, a short duration crop, are
popular pulse crops in the area. Available experimental data on inter-
cropping of sorghum with these two pulse lepumes is not adnquate and the
system needs further studies. With this aspect in view and with an object
of collecting data on the crop combinations and their effect on yield of
component crops, present investipations were desipned with three levels »f
nitrogen and three different spacings keeping the population of sorghum

constant under each conthination.



REVIEW OF LITERATURE



Intarcropping in cereals with legumas

The practicz of intercropping with many objectives has been in
vogue by th? farmers 8ince time immemori-1l. Ia pliza has been accredited
for his findinps that a lepum2 crop has beneficinl effect on a non-legume
wh2n these two are grown topether (Mirchandani and Misra, 1957). Several
workers have confirmed that a lecuminous crop benafitted the companion non-~
legume crop when the two were grown together (Lyon and Bizzel, 1911
Kellerman and Wright, 1914: Westpate and Oakley, 1914¢ Warburton, 1915°
Yoward, 1916: Lynn, 19307 Nowtnowna, 1937 Wapner and Wilkins, 1947 and
Myer, 1949). FEarly research eonducted by Wallace (1888) and Voelcker (1893)
revealed that growinpg 2 cereal crop with a lepume maintained soil fertility

status at a normal level,

Recent intchropping studies, und2r optimun technolory, made by
Andrews (1972), Harwood (1773), Raec (1974) and Yrantz et al (1976) indicated
substantial (50% or more) yield increase from various combinations of
alternate row intercroppins aver those of two saparatz sole crop cultures

(Fapadakis, 1941 Paul and Joachim., 194) and Fvans, 1960-61).

A. NUTRIFNT UPTAKE ANMD WATER USE:

Available literature has revealed that intercropping has marked
offect on uptake of nutrients. In some studies increased uptake of
nutrients has been attributed to increased ronting depths which was the

rasult of intercropping (Whittington and O'Brien, 1968 and Lakhani, 1976).



Some findings revealad that greater nutrient uptake has hern found without
differences in rcotine pattern (Dalal, 1974+ Hall, 197", and Liboon and
Barwond, 1975). Som2 menbers renorted that comnanion crops can make their
nutrient denands at different growth stages. thus temporal differances in
nutrient demands occurred independent of diffarances in the actual naturity
period of crops (Whittington and O'Brien. 1768: Kassam and Stokinger, 1973}
Finlay, 1%74 and Lakhani, 197€)., Comnonent crops differing enormously in
their abilities to compets feor nutrients has been reported hy some
rasearchers (Chang and Lai, 1963: Ibrahim and Kabesh, 1971: Davies and
Harwood, 1975): and this may be particularly so when nutriants arz limiting
(Liboon and Harwood,1975). This has considerable bearing on the compatis
bility of crops and the suitable provortions in which they are establishad

with a reasonable balance in competition.

There is ovidence that intercropping can nive rore officient

temporal usz of water (Andrews, 1972° Sastry,1973 and Lakhani, 1976).

B. SORGHUM {JTERCROPPFD WITH MUMG By 7

Osiru and Willwy (1972) reperted that rixture of dwarf sorghun
and beans prave considerably hicher yields than it cculd have been achieved
by srowing the two crops singly, and this phenomenon was attributed to the
better utilisation of soil resources by the crops. The annual report of
A1l India Coordinated Sorghum Improvement Project (AICSIP) (Anonymous 1975-76)
has indicated the affects of growing sorghum along with mung bean on yield

of grain, Th2 results from different centers were contradicting each other.



Grain and straw yields in sorghum remaining unaffected due to raising
the crop ir combination with rmuns bean was reported bv Palaniappan et al
(1974), Anonymous (1973-74), Anonymous (1975--76), Bhaloran et al (1976)
and Ancnymous {1976-77). At Coimbator: and Tarbhani centras of AICSIP,
mune bean when intercroppad with sorchum reduced the yield nf sorghum

considerably (Anonymous 1975-76).

In most of the cases when mung hean grown along with sorghum, the
gross returns from the crop mixturs was more than that when these were
taken up solely in th= same area (Anonymous, 1975-76- Krantz et al, 1976°
Bhalerao at al, 1976: Hosmani, 1976-77 and Anonyrous, 1976-77). Higher
nonetary returns from sorghun grown as a sole crop against those obtained
from a crop-mixture of sorghum and mung bean have been reported by Reddy

and Peddy (1976) and Anonymous (1975-76).

Gautam et al (R964) reported that munp hean could be grown successfully
2s an intercrop for green manure or green fodder alonp with the main crop

of naize,

C. SORGUUM INTERCROPPED WITH PIGEONPFA:

Enyl (1973) reported that maize or sorghum with pipeonperas, cowpeas
or beans led to a reduction in leaf area, fresh weight yield at the time of
anthesis, straw yield at harvest and prain yield of cereal crop. In sorghum,
pipeonpea and cowpea had a greater adversa effect on grain yield than that
of beans. Further he reported that the intercropping of sorghum with
pigeonpeas increased the total grain yield per hectare; Bhalerac at al

(1976) reported that the sorghum yield got lowered by intercropping with



pigeonpea and the total grain yield of sorchum plus pigeonpen was alsn
Jass than t'.at of sole sorghum crop yield (Anonvmous, 973 74 and
{nonymous, 1975-76). Yield of sorrhum remainine unaffected duc to inter-
cropping with pigeonpea was reportad by sevaral workers (Hanagodimath,
1975 Anonymous,1976,8; Krantz et al, 1976° Munde and Pawar, 1976 and
fnonyrous, 1975-76). Krantz et al (1976) reported an increase in the
production of total dry matter in sorrhum increasad by intercropping

wvith pigeonpea.

Reddy and Reddy (1976) and /nonymous (1975--76) observed that
Sorghum plus pigeonpea gava 1less gross nonetary returns than that from
sorghum alone. Sanme monetary returns by growing scrghum alone and in
conbination with pigeonpea have been reported by Bhalerar et al (1976),
Krantz et al (1976) and Mane and Ramshe (1976~77). Higher monetary
raturns by growing sorghum with pigeonpea against those obtained from
sorghunm as scle crop have beaen reported by Anonymous (1975-76),

Munde and Pxar (1976), and Krantz c¢: nl (1976}.

Effects of nitrogen fertilization on plant characters

A. PLANT HEIGHT

In a study conducted by Reddy (1965) at Rajendranagar in two
sorghum varicties, it was observed that the plant height increased with
increase in nitrogen level from 0 to 100 kg M/ha. Similar observations
on plant height increase due to increasing level of nitrogen were made
by several workers (Rai, 1965: Gupta and Singh, 1%67: Bains and Milton,
19268; Anonymous, 1969-70; Premsingh and Choubey, 1972+ and Reddy, 1974).
Studies have also indicated that plant height was not significantly
influenced by nitrogen fertilization (Raheja and Krantz, 1958: Reddy,

1968; Roy and Wright, 1973 and Balaiah, 1975).



B. NUMBER OF GREEN LFAVES PER PLANT:

Studins nade by Reddy (1965), Reddy (1768), Reddy (1970) and
Reddy (1974) in sorghum prown 2s a sole crop the number of proen leaves
per rlant <rva maxinun at heading stage and decrease in the number wac
rocorded with advancement in age of the plants. Garp and Rayanda (1962),
and Ralaiah (1975) reported an increase in number of leaves with increasa
in level of nitropen from 0 to 20 kp N/ha. Raghunath (1973) reported that
the increase in nitrogen level from 60 to ]20 kg N/ha increased the number

of greaen leaves in sorghum from 6.5 to 7.5 percent.

C. LFAF AREA:

Rao (1970) recorded 40% increase in leaf area vith increase in nitro-
gen level from 0 to 150 kg M/ha in sorphum sole crop. Krishnarwrthy et al
(1976) observed that higher level of nitrocen supply basically enlarged
the photosynthetic fource of sorghun (leaf area) even at earlier stages,

thereby resulting in longer leaf area duration (LAD).

D. DRY MATT X PRODUCTION:

Raheja and Krantz (1958), Babu (1973) and Roy (1973) reported that
sorghum plant weight continued to increase until harvest time. "arsi and
Wright ("473,2) reported an increase in dry matter production with increase
in nitrogen level up tc 60 kg N/ha. I[ao and Reddy (1973) ohsearved an
increase in the level of nitrogen (except that at 150 kz N/ha level)
increased the dry matter production in sorghum at all stages of plant
srowth. Similar observations were made by Rai (1965), Srivastava, (1969),

Ramachandran (1971), Reddy (1974) and Balaiah (1975).



Narayanan and Sheldrake (1976) reported that the pigesnpea plants
fertilised --ith 120 kg N/ha produced more dry matter than 22 kg M/ha

fertilised plants.

E. FARFEAD LFNGTH /NN GIRTH:
Significant increase in earhead length and girth as a result of
nitrogen fertilisation in sorphun was ohserved by some werkers (Reddy,

1265; Reddy, 1969; Reddy, 1970: Premsingh and Choukey, 1972).

F. 1000 GRAIN WEIGHT:

Increase 1in 1000 grain weight as a result of nitropen fertilisaticn
to gorghun crop was reported by many workers (Porter et al, 1960: Garg
and Kayande, 1962: Blum, 1967: Reddy, 1968+ Krishnamurthy et al, 1975 and
Ralaiah,; 1975). Tatwawadi and Choudhari (1976) reported that the increasing
nitrogen level from 50 to 150 kg M/ha has no effect on 1000 crain weicht

in sorghum.

G. YIELD PER PLANT:
Tatwawadi and Choudhari (1976) reported that increase in nitrogen
lav2l from SN te 150 kg N/ha resulted in increased grain weisht per plant

in CSH1 variety of sorghum.

H. GRAIN YIFELD:
Several workers reported the positive response of sorghum to nitrogen
fertilisation when it was grown as sole crop (Rahaja and Krantz, 1958°

Herren et al, 1963; Bodade, 1964: Reddy, 1965 Welch et al, 1966: Reddy, 1969:



(o}

shrotriya and Shekhawat, 1969 Srivnastava and Ambikasingh, 1969 Rao, 1979
Bathkal et 1, 1970- Reddy, 1970 "ikev and Lal, 1971 Shekawat and
Chundewat, 1971° Decsthale et al, 1%72* Premsin~h and Chnruhzy, 1972:

Singh and Bains, 1973~ Krishnarmurthy et 1l, 1973 Warsi and Wripht, 1973
Roy and Wri~ht,1973b, H1phadi and Choudery, 1974 Tirenath et al, 1975
Sinch and Mahvir Pershad, 1975¢ Shukla and Japdish Seth, 197€; Bhattacharya.
19076 an' Chari et al, 1976). Charl et al (1976) reported that with appli -
cation »f 80 kg N/ha, hirhest grain yield was obtained in sorghum,

45.5 q/hn and this was on par with that recorded at othar lavels up te

140 kg M/ha.

Krantz et al (1976) reported that sorghum resnonied well to nitrogen
application at 120 ke/ha over 22 kg/ha level in intercropping, whilz
pigeonpea as intercrop, was not significently influenc2! by the fertilisation.
The interaction batween croppine system and nitroren level rwras not sinni

ficant on either of the red nr black snil,

Venugopal oal Marichar (1%74) r.ported that N levels (0 to 30 kg/ha)

had no affect on the seed yield nf muns bean whan the crop was grown sinely.

I. STRAW YIELD:
Significant incrrase in straw yield with increase in nitrogen level
was observed %y many workers (Srivastava and Ambika Sinph, 1969¢ Dubey and

Lal, 1971 Roy and Wright, 1971 Balaiah, 1975: Babu, 1977).

J. NITROGEN UPTAKE:

Balaiah (1975) recorded tbat the N accumulatinn increased with
increase in nitrogen level in sorghum plant. Similar observations were
made by Herren et al (1963), Srivastava (1969). Warsi and Wriaht (1973)

and Roy and Wright (1974).



K. PHOSPHORUS COICENTRATION:
Srivastava (1971) , and Ralainh (1975) indicated that P content

nf sorghum and plant was not influenced by ™ levals.

L. POTASSIIM CONCENTRATIO:

Ramachandran (1271) observed that W applicaticn dic not influenca
tho potassium content in leaves and stoms of sorghum plant during early
stages of crop qrowth. Rey and “Wright (1974) reportad that potassium

uptake of sorghum plant significantly incrcased with nitropen fertilization.

M. PROTEIM CONTENT:

The effect of nitrogen application to sorghum resulting in an
increasc in protein content of crain by increasing levels of applied
nitrogen has teen reported by many workers (Burlesun et al, 1756° Miller
ot al, 1964: Reddy, 1565: Rai1965,a; Weggle et al, 1967 Roddy and

Hussain, 1263: Roy and Wrieht. 1773; and Ralaiah, 1975).

Reddy (1965) recorded that the grain protein of the bybrid sorsghum
2930 from €.3 at nc nitrogen to 9.5, 9.6, 9.3, 10.0 and 11.4 (percent) by

tha arpliantdnn of 29, 40, 69, 80 and 100 kg M/ha respectively.

»

Influence of Spacings

A. SORGHUM:

Experiments conducted on sorghum spacing by AICSIP at several
locations have recordad varying results (Anonymous, 1975-76). At Jalpaon,
Navsari and Indore centers the yield of sorghum at 45 cm x 12 cn and
60 cm x 2 cm was on nar. At coimbatore, Farad, Parbani, Akola and Udaipur
centres 45 cm x 12 cm  spaced sorghum crop has given much higher yields

than that obtained at 60 cm x 9 e¢m spacines (Anonymous 1975-76).
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Grain yield of sorghum was not .influenced by space level. The ylelds
were simil-r at 45 cmy, 60 cn, %0 cr and 1217 en row sricings (Chandravanshi,
1376 and Bapat et al, 1976). Reddy and Raddy (1976) recorded higher yields
nf sorchum at 45 c¢m x 120 cm and 60 cn x © cn spacinesg nver 50 em x 6 em
and 122 cn x 4.5 cn. They further reported that the yields of serphun

recorded at 45 cn x 120 cm and 60 cm x 9 cm spacine were on par.

B. PIGFONPEA:

Singh (1971) reported that therec was nn significant difference in
the yield of pigeonpea at row spacings of 75 c¢m and 100 cm., Rains and
Chowdhury (1971) reported that a population of 50,000 to 60,000 plants/ha
proved significantly better than that of 40,000 plants/ha. Venkata Swamy
et al (1272) observed that the yields nf rainfed pipennpea was maximun
at 90 x 30 cm space level. Kraitz et al (1976) repnrted that the srain
yields of four pigeonpea varieties with and without sorghum intarcrop
at two row spacines of 75 c¢r and 150 cm in black snil were on par.
Variations in row spacings at 45, ® and 135 cn with constant populatinn

did not influence the pigeonpea yiald with KYB.2 variety (Anonymous, 1976,b).



MATERIAL AND METHODS
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Fxperinental site: The present study was made in Lhe Divisinn of Agronomy,

Ccllege of .\griculture, Andhra Pra’esh Aericultural University, Rajendrana-
gar. The field experiment was conducted simulfanerusly at the Farn,

College of Agriculture, Rajendramagar: and at the plot--G Red Scil, Water-
shad-1 of the International Crops Research Institute for the Semi-Arid

Tropics (ICRISAT-RW1-G) between July 1976 and January 1°77. The collese

farn 15 located at an altitude of 542.6 m above sea level and with peogra--
phical bearing of 77.5°E on longitude and 18.59°N on latitude, ICRISAT-RW1-G
is situated at an altitude of 545 m above sea level and with seopraphical hmax
bearinz of 17°27'M on longitude and 73°28'L on latitude.

[For the remainder of the thesis the word "Site-1" is used to substitute Farn,

College of Agriculture, Rajendranagar and "Site-2" for ICRISAT-"WI-G].

Soil: The fields at both the experimental sites were uniform in topopranhy

mechanical and chemical analyses of soil at the two sites are piven below:

Scil mechanical analysis Site-1 Site-2

Coarse sand 76.867% 78.18%

Fine sand 2.5% 2.5%

Silt 3.5% 3.5%

Clay 17.14% 15.82%

Soil chemical analysis Site-1 Site-2

Soil pH 7.5 (slightly alkaline) 7.7 slightly alkaline
EC 0.1 mmhos/en (normal) 0.09 mmhos/em (normal)
Organic carbon 0.4% (low) 0.35% (low)

Available nitrogen 300 kg/ha (medium) 250 kg/ha

Available phosphorus 38.5 kg/ha (mediun) 49.0 ka/ha (medium)

Exchangeable potassium 413 kg/ha (high) 389 kn/ha (high)
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Season: The experiment was carried cut bhetween July, 1976 and January,
1977. Metecroloeical data wera roac r'+?! during the neried of crop crowth

at Site-1 and Site-2 ar' arz represented in App:ndix (1) and Fipure 1,

The season was normal.
Previous crop history: Crops ecrown during the pravious year at toth the

sites were given below:

Site-1 Site--2
(1) Groundnut (weed control expt.) - kharif Sorghum intercropping
(2) Wheat (commercial cultivation) - Rabi trial (Kharif)

(3) Maize (seed production) - summer

Experimental details:

A, TXPERIMENTAL MATFRIAL:

Sorghum CSH-6 CSH--6
Pigeonpea ICRISAT-1 ICRISAT-1
Mungbean PS-16 PS-10

B. TXPERIMENTAL DESIGM AND LAYOUT:

The experiment was laid out in split-plot desipn with nitrogen levels
as nain plot, spacinp and cropping system as sub-plot treatments with
three replications. The layout plans of the two sites are shown in
Figure 2, The experiment was conducted under rainfed conditions at both
the sites, Life savine irrigation was given at site-l to piseonnea crop

after the harvest of sorghum.
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LAYOUT PLAN - SITE-2
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DESIGH Solat-piot REPLICATIUNS: 3 TREATHELTS : 27
RCFERCNE : KONIN2 = O, 40, 80, kg N/ha

S182S3 = 45 cm x 15 em, 67.5 cm x 10 c¢m, 90 ecm x 7.5 cm.

111213 = Sorghum monocrop,

sorghum/mungbean,

sorghum/pigeonpea.
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Treatment details:

I. Main-pl~nt treatments:

(1) No : Without nitrosen (control)
(2) m1 + 40 ke/ha of nitrogen
(3) m2 ¢ 80 ka/ha of nitros.n

11, Sub-piof treatments: (Cropping Systems)

1. 45 cmx 15 em - sorghum sole crop

2, 45 emx 15 cm - sorghum + munphean one row (15 cm apart in row)

« 45 cmx 15 cm - sorghum + pigeonpea one row (60 cm apart in row)
4. 67.5 cm x 10 cm - sorghum sole crop

5. 67.5 cm x 10 cm -~ sorghun + munebean two rows (15 cm apart in row)
6. 67.5 cm x 10 cm ~ sorghum +.pigeonpea one row (40 cm apart in row)
7. 90 emx 7.5 cn - sorghum sola crop

3. 30 em x 7.5 cm - sorghun + mugnbean three rows (15 cm apart in row)

9. 90 cmx 7.5 em - sorghum + pigeonpea one row (30 cm apart in row)

Sorghun and pigeonpea populations were constant in all treatments
whereas mungbean population has increased with increase in interrow space
level of main crop sorghum, (1.5 lakh at 45 cm, 2 lakhs at 67.5 cm and

2.25 lakhs at 90 cm). Sowing pattern of crops is rapresented in photos 1-5.

Plot size Site-1 S5ite-2
Cross plot size T 4.5m x5.5m 3.6 mx8n

Net plot size 2,7nx4.9nm 2.7nx4.0n



1) L to R: Single row mung intercrop.
and sole sorghum (45 cm x 15 cm)

(2) L to R: Sole sorghum (67.5 cm x _
10 ca and two rows mumg intercrop.




3) L to R: Three rows mumng intercrop.
and sole sorghum (90 cm x 7.5 cm).



1) Early stage gensral viow.

5>) Late stage gemeral view.
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Cultivation details:

(All the calendar of operations are given in Appendix 2).

Important field operations are given below:

A. PREPARATORY CULTIVATION: The field was plowed with tractor; after this
cultivator was operated followed by levelling.

B. LAYOUT: Field was laid out as per the plan. In between main plots
0.75 m, and in between sub-plots 0.5 m space was provided.

C. SEEDS AND SOWING: Certificd seeds were used. Seeds were hand dibbled.

D. FERTILISER APPLICATIOM: N was applied as urea in two split doses,
1/4th as basal and 3/4th as top dressing after 21 days of sowing by
band placement to the main crop. N was not applied to the legume
crops. P was'applied in the form of super phosphatc at the rate of
22 kg/ha of P205 as basal dose by broadcast mcthod.

E. PLANT PROTECTION:

Sorghum sced was treated with Furadon chemical and after one
week of sowing the same chemical was applied through soil as a precaution
against shootfly infestation. U¥andrin was sprayed on 15th day after plant-
ing, granules of this chemical were applied on 22nd day after planting
in whorls of sorghum. At site-l, Thiovit, a sulfur compound was sprayed
on mungbean against the mild attack of powdery mildew. Periodical weedings
were taken up, first weeding was done 12 days after planting and 2nd one

after 25 days of planting.

'F. HARVESTING: Harvesting of the crops was done with the human labour.

No machinery was used.
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Experimental observations:

Yicld attributes and other plant characters were studied for the
main-crop, at site-l., The observations made on the three crops at both
the sites are represented in Appendix 3. As a sampling unit 5 plants were
selected in each plot at random. Regular observations on plant characters

were made at 30 days interval from the planting date.

A. PLANT HEIGET:
The plant height was measured from the ground level to the upper-
most leaf tip before ecarhead emergence and to the tip of the earhead there-

after.

B. NUMBER OF GREEN LFAVES PER PLANT:

Only fully opened green leaves were counted.

C. SHOOT DRY MATTER PRODUCTIONM:
Shoot dry matter production was recorded for all three crops at
regular incervals of 30 Aays. Plants were cut at the base and dried in the

oven for 24 hrs at 65°C and the weights were rzcorded.

D. LEAF AREA:
leaf area for the five plants was taken directly by a photo
clectric planimeter from each plot. Leaf area index (LAI) was calcu-

lated by using the formula:

leaf area of the plant

LAL = Land area occupied by the plant,
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E. EARHEAD LENGTH AND GIRTH:
Earheads from five observation-~! plants were harvested separately
for recording length and girth of the earhead and also for the yield per

plant.

The length of the earhead was measured from the base to the tip from
five earheads and mean was calculated. The girth of the earhead was
measured at three places (bottom, middle and top) and mean was calculated

per ear.

F. 1000-GRAIN WEIGHT:
The 1000 grain weight was reocrded from the samples collected in the

net plot.

G. GRAIN YIELD:
The grain harvested from the net plot was thoroughly cleared and
sundried. The yield from each plnt was recorded separately as kg/plot and

then converted into q/ha (data were collected from hoth the sites).

H. STRAW YIELD:
Stalks from each net plot wers harvested and dried separately. The
straw yield from each plot was recorded separately as kg/plot and then

converted into q/ha (data wera collected from both the sites).

I. GROSS MONETARY RFTURNS
Per ha yield of the three crops was convered into monetary returns.
The following market values of the produce prevailed at harvest were used

for calculations:
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Jowar grain ¢ R9.120/quintal
Pigeonpea grain : Ps.260/quintal
Mungbean grain  : Rs.200/quintal
Jowar fodder * Rs.10/quintal

(Data were collected from both
the sites)

J. HARVEST INDEX:
Harvest indices were calculated for each crnp separately and
also for the respective combinations by adopting the following formula:

- Econonic yield

Harvest index (HI) Biological yielA

x 109

Where
Economic yield : Grain yield

Biological yield : Shoot Ary matter + Grain yield (fallen leaves
were excluded)

Chenical analysis:

A. NITROGEM UPTAKE BY GRAIN AND STRAW:

Nitrogen was estimated by Macro-Kjeldal method. 1'Htrogen concen~
tration was estimated in the grain samples of the three crops, and in the
straw of sorghum at maturity in all the plots. Nitrogen was egtimated for
composite samples collected in the early stages of crop growth. Uptake
of nitrogen by grain and straw was calculated for main crop by using the
formula:

Uptake of Nitrogen {in kg/ha) = 'N' percentape x grain straw yield
(in g/ha)
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B. PROTEIN CONTENT OF GRAIN:

The protein content was estimated by multiplying the nitrogen
content with factor 6.25. Protein yield was alsn calculated for each crop
individually and for the respective combinations by using the following
formula:

Protein yield : Protein percentage x Grain yield (q/ha)

(kg/ha)
C. PHOSPHORUS AMD POTASH

P & K estimations were made from compnsite eamples only. Phosphorus
percentage in the main crop was estimated at 30 days interval in straw and
also in grain at the time of harvest. P percentage was also worked out for
intercrops at the time of harvest both in grain and straw. Phosphorus was
estimated by Vandomdybdo Phosphoric acid yellow color method. Potash was
estimated in the grain and straw of snrghum at the time of harvest., Potassium

was estimated by Flame Photometer method.

Statistical analysis:

Fisher's analysis of variance method (Fisher, 1948) was used to
test the significance of different treatments at 5% level. Standard error

nf mean and critical difference were caculated wherever required.

Correlation studies:

Simple and partial correlation coefficients between grain yield and

other yield attrilutes were worked out.



RESULTS AND DISCUSSION
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Results obtained from the study are presented and discussed

hereunder.

‘Plant height in sorghum:

Data on plant height in sorghum collected at three growth stages
30th, G6Oth and 90th day of planting are given in Appendix 4, 3u and 6Oth
‘day plant height trends were similar to 90th day.
| Data on plant height recorded at 90 days of crop growth are presented
in Table 1& Figure 3. Statistical analysis of the data given in Table 1
revealed that the effect of nitrogen on plant height was highly significant
at all the levels, At 90th day the mean plant height wae maximum (162.8)
with N 80 level and minimum (142.1 cm) with control. Application of 4U and
80 kg M/ha has resulted in increased plant height by 9.1 and 13.7 per cent
respectively over control, The highest level of nitrogen (N 80) recorded
taller plants i.e, by 5% against that observed in case of N 4C level, The'
rate of increase in plant height with increasing nitrogen level was in decreasing
order, Increised plant height with increasing level of nitrogen was reported
by Reddy (1965), Anonymous (1969-70) and Reddy (1Y74). All other treatments

effect was non-significantf"r this attribute,

These results indicated that optimum nitrogen nutrition was essential
for proper plant growth in sorghum. The increase in plant height with increas-

ing nitrogen levels could be due to higher uptake of N at these levels (Table 10).

Number of green leaves per plant in sorghum:

Data on number of green leaves per plant in sorghum at three gorwth

stages are presented in Appendix 4. Mean number of green leaves per-plant



1avie; 1 - Plant height (cm) at harvest as influenced by varying levels of nitrcgen, spacing
and cropping system in sorghum.

Spacing
LEVEL OF Sl S2 33
NITROGEN Cropping system .
Il 12 13 I1 12 13 I1 12 13
NO 142,1 1415 142.1 143,2  144.1 141,7 140,5 141.7 142,5
N1 155.,1 155,2 153.8 152,4 154.,8 155.7 154.,8 15).0 154.9
N2 164.0 164.3 163.1 162.6 16€3.1 162,0 163.5 161.4 161,1

Means for Nitrogen NO: 142,14 N1:155.07 N2: 162,78
Means for cropping system Il: 153.1 1I2: 153.9 13: 153,00
Means for spacing S1: 153.5 S§2: 153.3 S3: 153.3

Source of variation N) (s) (1) (NxS) (Nx1) (1xS) (Sxhx1)

'F' test Sig NS NS NS NS NS NS
S. Em + 0.90 0.67 0.67 1,17 1.17 1.17 2,0
1.31 1.3

CD at o,c5 2,50 - - - - - -



‘able; 2 Number of green leaves at 60 deys crop age as influenced by varying
levels of nitrogen, spacing and cropping system in sorghum.

Spacing
LEVEL OF Sl S2 S3
NITROGEN Cropping system .
I1 12 13 11 12 13 11 12 13
NO 7.93 7.60 8,26 8.06 8.06 7.8 8 7.13 1.8
N1 7.89 8.6 7.67 7.93 8.2 8.2 7.87 8,07 8,33
N2 833 80 7.93 8,13 8.4 873 8.06 8.46 8,33
Means for Nitrogen NO: 7,92 N1: 8,08 N2: 8,27
Means for cropping system Il: 8,02 1I2: 8,13 13: 8,11
Means for spacing Sl: 8,09 §S2: 8,17 S3: 8.07
Source of variation ) (s) (1) (Nxs) (Nx1) (1xS) (SxNx1)
'F' test NS NS NS NS NS NS NS
S. En + 0.11 0.17 0.17 0.29 0.29 0.29 0.5
0.26 0.26

C D at 0.05
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recorded was maxinum on 00th day of crop growth in all the treatments;

the number of leaves decreased after (. days of crop srowth duc to senescence,
Number of preen leaves recorded at (uth day is givem in Table 2, The treat-
nients under study did not significantly influence the nunber of green leaves

per plant: an increasing trend with increasing nitroren levels was observed,

Leaf area index (LAI) in sorghun:

LAI was caleulated at three growth stapes and presented in Appendix 5
and Fig. 4. Maximun LAI was recoreded at 60th day of crop growth in all the
treatments, thereaééer it decreased due to reduction in number of green leaves
Produced by the plants, Data on LAI at 60th day of crop growth was statistically
analysed and presented in Table 3. Study of the data given in Table 3 revealed
that the difference in LAI recorded at N 80 and No levels was significant where-
as the differences between N 80 and N 40, and N 40 and No were not significant.
Application of 80 and 40 kg N/ha resulted in increased LAI in sorghum by 11%
and (Z respectively over control. Application o} 80 kg N/ha\increased the LAI

by 4% over that recorded at 40 ki lovel.,

¢ These findings are in accordance with the olservations made by Rao
(1970) and Krishna murthy et al (1576) when increase in LAI of sorghum was

recorded with increase in nitrogen level,

Further study of the data given in Table 3 and presented in Fig. 4
revealed that the LAI was high when sorghum was grown as sole crop than when

grown along with the intercrops mungbean and pigeonpea.

Increase in LAI with increase in N levels could be due to increased N
uptake at these levels (Table 10 and Fig. 1C) which might have in turn

contributed for good leaf area development.



iAI at 60‘aéys of crop age as influenced by varying levels of nitrogen, spacing

and cropping system in sorghum,

Spacing
LEVEL OF Sl S2 S3
NITROGEN Cropping system .
Il 12 13 11 12 13 11 12 13
NO 2,65 2,55 2,57 2,72 2.5 2,55 2,62 2,55 2,55
N1 2.83 2,77 2.74 2,88 2,78 2.76 2.82 2.75 2,76
N2 2,94 2.86 2.85 2,99 2.9 2,88 3.00 2.85 2,84
Means for Nitrogem NO: 2,6 N2: 2,78 N3: 2.90
Means for cropping system Il1: 2,82 1I2: 2,70 1I13: 2,72
Means for spacing S1: 2,75 S2: 2,78 S3: 2.74
Source of variation N) (s) (1) (NxS) (Nx1) (1xS) (SxNx1)
'F' test Sig NS NS NS NS NS NS
s. Em i 0'14 0037 0037 0.65 0.65 0.65 101
0.55 0.55

CD at 0.05 0.29 - - - -
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Drymatter production:

Infornation recorded on dryuatter accunulation pattern « £ the experi-
nental crops 1s shown in Appendix 5 & ¢ and in Fig., 5. Data (n Jrymatter

production of the crops at maturity arc given Table 4.

A, Sorphun-

Influence of the main factors on drymatter production in sorghum
was sipnificant, Interaction between nitrogen and spacing was also sipni-
ficant for this attribute. The drymatter production with 40 and 8U kg N/ha

was higher Ly 84 and 117 per cent than that for the control (NU) respectively,

The spacing treatment 67.5 cm x 1U cn (S2) has given significantly
higher drymatter yield than that of spacing treatment 45 cm x 15 cm (S1) and
the treatment 90 en x 7.5 em (S3), The treatment S1 and S3 were on par with

each other in drymatter production,

The treatment sole sorghum (I1) produced significantly higher dry-
matter in sorghun crop than that (f s.: hun/munglean (I2) and sorghum/pigeonpea

(I3). The difference between I2 and I3 was not significant,

The interaction between spacing and nitrogen levels was significant,
Comparing the effects of spacing treatments under each N level, at 80 kg N/ha
spacing treatment S2 produced significantly higher drymatter than that recorded
against S1 and $3, which were on par with eachother. At 4U kg N/ha S1 was
superior to $3 where as the difference letween S1 and S2, and S2 and 53 were

not significant. This trend was noticed in the control (NO) also.
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Table: 4a Drymatter yield (q/ha) at harvestas influenced by varying levels cf nitrcgen,
spacing and cropping system in sorghum

Spacing
LEVEL OF 31 S2 S3
NITROGEN Cropping system .
11 12 13 11 12 13 11 12 13

HO 44,3 42.1 40,63 45,43 44,61 43,31 44,9 42,37 42,83
N1 81.48 80,17 30.00 82.0 78.5 77.83 81.67 79,33 79,67

N2 94,33 93,45 62,91 96¢.07 95,4 54,57 94,38 93,78 92,47

Means for Nitrogen No. 43,39 NI1: 80,07 N2: 94.2
Means for crepping system 1Il: 73.84 12: 72,19 13: 71.€3
Means for spacing Sl: 72,15 $§2: 73.1%, S3. 72.38

Source of variation N) (s) (1) (NxS) (Nx1) (1xs) (SxNx1)
'F' test Sig Sig Sigp Siy NS NS NS
S. Em + 0.44 0.29 0.29 .

0.5 0.6 0.85
0.6

CD at 0,05 1.21 0.57 G.57
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Similarly comparing the effect of N under each spacing, application
of 8C K¢ W/ha produced significantly hifher drymatter than 4U ke W/ha and
control. At 211 spacings, in the same way, 4C kg N/ha under all apacings

has recorded significatnly higher drymatter than that recorded with control.

The increase in drymatter production in sorghum at higher nitrowven
levels was riostly thrcugh higher leaf arca index (Talle 3 and Fip, 4) and
hirher rrain yield (Talle 9 and Fiy. V). The higher leaf dry weight and
crain could lLe due to higher uptake of nitrogen and btetter nutrition of the
plant on account of increase in the level of nitrogen application (Table 1lu
Fig. 10). Sorgchunm in Il has given higher drymatter than that recorded in I2
and I3, This could be due to inter-crop conpetition in I2 and I3 for nutrients
and for other essential plant requirements. Reddy (1965) and Balaiah (1974)

observed that N fertilization increased the drymatter yield.

B. Mungbean:

Nitr jgen fertilization and s,acing treatments significantly influenced
the drymatter production in mungbean. Application of nitrozen to sorghum at
40 and 80 kg N/ha produced 13 and 20 per cent higher drymatter respectively over
the control. The munglbean grown in 90 em inter-row spacing of sorghum has given
naxinum drymatter production of 12.8 q/ha which was 1C percent higher than that
recorded in 45 cm inter-row spacing of sorghum. The crop in 67.5 cn inter-row
spacing of sorghum also recorded 11 per cent higher drymatter than that noticed
in 45 cn inter-row spacing treatment., The differences between Sl and S2, and

S$2 and S3 were not significant for drymatter yield.

.9z9£21ﬁ6$5327:£1$}a{y
Rp. 23811



Table: 4b Drymatter yield (q/ha) at harvest stage as influenced by varying
levels of nitrogen, spacing in mungbean

LEVEL OF Spacing
NITROGEN S1 S2 S3 Mean
NO 9.22 11,31 12.06 10,9
N1 11.48 12.5 12.8 12.27
N2 12,5 13.16 13,5 13.05
Mean 11,07 12,32 12.8
Source of variation 'F' test S.Em C D at 0.05
Nitrogen Sig 0%44 1,22
Spacing Sig 0.64 " .39

Nitrogen x Space NS
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Incr asc in drymatter yield in munglean with increase in inter-row
spacing of sorghunm could be due to accomodation of more plants of uunpglean
in the wider inter-row spacings (67.5 cm and 50 em) of sorrhun than closer
inter-row spacing of 45 cn, The napnitude of difference in drymatter production
due to sorrhum spacinp treatrents was not found corresponding to the difference
in plant population in nunpbean., This could be due to increased dropping of

leaves at hipher population level against that noticed in lower level of

population.

C. Pipeonpea:

The effect of nitrogen fertilization to sorghum on the companion crop of
pigeonpea was significant. Increase in drymatter Ly 10 per cent with 40 kg N/ha,

and 19 per cent with 80 kp N/ha over control was olserved.

Narayanan and Scheldrake (197¢) reported that pigeonpea has produced
higher drymatter at 120 kg N/ha over 22 kg N/ha. Though the intercrops were
not fertilized with nitrogen their dryuatter production sulstantially increased
with increase in nitrogen level applied to the maincrop of sorghum, This could
be due to higher availability of nitrogen as a result of increased application
of the nutrient per unit area, and this might have enalled the plants to utilize

higher amounts of nitrogen.

0, Total Drymatter:

Data on total drymatter production of the crops studied under different
cropping systenm treatments at harvest is given in Table 4, Statistical analysis of
of data on total drymatter production revealed that application of 80 and 40 k¢

N/ha produced 82 and 58 per cent higher figures respectively over control,



Table: 4c prymatter yield .(q/ha) as influenced by varying levels of nitrogen,
spacing, in pigeonpea.

LEVEL OF Spacing
NITROGEN Sl S2 S3 Mean
NO £8.5 68.9 67.3 68.2
N1 75.0 75.3 76.06 75.4
N2 81,7 80.8 81.2 81.2
Mean 75.08 75.04 74.8
Source of variation 'F' test s,Bm  CD at 0.05
Nitrogeﬁ Sig l%é 3.33
Spacing NS 0.96 -
Nitrogen x Space NS 1.6¢ -
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Sipnificantly higher drymatter was produced by S2 than that recorded apainst
S1 and S3. S2 has given maximun total Jdrymatter of 1uG q/ha. The cropping
systems I2 and I3 produced 5 and 98 per cent respectively higher drynatter than

that observed, with cropping systen Il.

The interaction bLetween nitrogen and spacing was significant. At
80 ks N/ha, S2 recorded the highest amount of totaldrymatter; the difference
between S2 and S3 was not significant, At 40 kg N/ha level the differences
among the spacing treatments were not significant. In contr:l (NO) the
difference between S2 and S3,and S3 and S1 were not significant; the trcatment

S2 has piven significantly higher drymatter yield compared to that at S1,

At all the spacings, 80 kr N/ha produced more total drymatter than
that N 40 level and control., Treatment 40 kg N/ha produced significantly
higher drymatter in all spacings than that at control (NO). Total drymatter pro-
duced by S2 at N80 level was recorded as the highest against the other treat-

ment combina*~ions.

At all the nitrogen levels, I3 produced significantly hipher amount
of drymatter than that recorded apgainst Il and I2; and I2 was superior in its
effect over control. In all the cropping systems higher nitropen level H8U
produced preater quantities of total drymatter than the other two levels,

Control recorded lower drymatter than N40 in all the croppinp systems.

The interaction between I3 and N80 produced maximum total drymatter
(Table 4). The higher drymatter production in I3 over Il and 12 could be due to
hipgher contribution of drymatter by the intercrop-pigeonpea against that observed
in a coubination of sorghum mungbean and sorghum alone., Drymatter production
at N80 level was recorded as maximum in all the three cropping systems and this
is attributed to increased uptake of nitrogen as a result of higher application

of the nutrient.



Table: 4d. Total drymatter yield (q/ha) at harvest stage as influenced by varying levels
of nitrogen, spacing and crcpping system

Spacing
LEVEL OF Sl S2 S3
NITROGEN Cropping system .
11 12 13 11 12 13 n 12 13
NO 44,3 45.9 109.14 45,43 49,15 112,21 44.9 47,97 110.13
N1 81.48 84,39 155,04 82,0 84.16 153,13 81.07 85.6 155,07
N2 94,33 97.95 174.61 96,07 101,78 175,77 94,38 100,9 173.67
Means for Nitrogen NO: 67,68 N1: 106.95 N2: 123.27
Means for cropping system Il: 73,84 I2: 77,54 I3: 146,53
Means for spacing S1 98,57 S82:99.97 $3: 98,37
Source of vatiation N) (s) (1) (NxS) (Nx1) (1xS) (SxNx1)
'F' test Sig Sig Sig Sig Sig NS NS
S. Em + 0,71 0.47 0.47 0.81 £.81 0.81 1.4
0.97 0.97
CDat 0,05 1.98 0.93 0.93 1.62 1.62 - -

2.35

2,35
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Lenpth and girth of earhead in sorghunm:

Lenpgth and girth of earhead in sorghum was statistically analysed

and data wgre presented in table 5 & fip. 6.

A, EARHEAD LENGTH:

Earhead length in sorshun increased significantly with every incre-
nent in N level., Maximun length was recorded at N8C level (28.Y cm) and a
nininum apainst control (21.6 cu). Application of 40 and 80 k; N/ha increased

earhead length by 22.1 and 34.1 percent respectively over control.

The earhead lenpth of sorghun grown in cropping system - 1, (26.3 cn)
was significatnly higher than that when the crop was crown under cropping
system-3 (25.1 cm). Croppinpy systems Il and I2 and, I2 and I3 were on par for

this attribute.

Correlation between prain yield and lenpth of earhead (u.967) and,

per plant yield and lenpgth of earhead (0.965) were hiphly significant.

B. EARHEAD GIRTH:

Earhead girth increased significantly with N4O and N80 levels over
control(No.): N4O and N80 levels were on par. Maximun (5.40 cn) earhead
rirth was noticed at N80 and minimun (7.42 cm) at control, Increase in the
girth due to application of 40 and 80 ko N/ha was 22.5 and 27,5 per cent

respeetively over control.

The earhead girth (9.2 em) of sorghum grown in cropping system-l was
significantly superior over that (8.2 cm) recorded in the same crop against
the cropping system-I3, Cropping systems 1 and 2, and also 2 and 3 were on
par for the attribute under discussion, Correlations Letween grain yield and
girth of the earhead (0.964) and, per plant yield and girth of the earhead

(0.936) were highly sipnificant.
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Table: 5a Earhead length (cm) as influenced by varying levels of nitrogen, spacing
and cropping system in sorghum

Spacing
LEVEL OF S1 S2 S3
NITROGEN Cropping system
11 12 13 12 13 12 13
NO 22,47 21,17 21.13 22,57 21,57 20.93 22,33 20.9 20,97
N1 26.93 25,93 25,47 27.13 27,0 26,46 26.7 25.93 25,46
N2 30.17 29,17 28,33 27,47 28,57 28,37 30.4 29.2 28,43
Means for Nitrogen NO: 21,55 N1: 2€.37 N2: 28.9
Means for cropping system Il: 26,24 12: 25.5 1I13: 25,06
Means for spaeing  S1: 25,64 S1: 25.5¢ S2: 25.59
Scurce of variation (N) (s) (1) (NxS) (Nx1) (1xS) (SxNx1)
'F' test Sig NS Sig NS NS NS NS
S. Em + 0.32 0.41 0.41 0.71 0.71 0.71 1.2
.66 0.6€
C D at 0.05 0.95 - 0.81 0— - - -



Table: 5b Earhead girth (cm) as influenced by varying levels of nitrogen, spacing
and cropping system in sorghum

Spacinp
LEVEL OF S1 S2 S3
NITROGEN Cropping system
I1 12 13 11 12 13 11 12 I3
NO 8.06 7.1 7.06 8.1 1.4 €.9 8,23 7,06 €.87
N1 6.53 $,03 9.06 9.5 9.13 8.9 9.27 9.07 8.3
N2 10.0 9.67 $.03 9.93 5.4 8.87 9.77 9.5 9.0
Means for Nitrogem NO: 7,42 N1: 6,09 N2: 9.46
Means for cropping system Il: 9,15 I2: 8,59 13: 8,22
Means for spacing S1: 8,73 S2: 8,68 S3; 8,5€
Source of variation (N) (S) (1) (NxS) (Nx1) (1xS) (Sxiix1)
'F' test Sig NS Sig NS NS NS NS
S. Em + 0.68 0.77 0.67 0,13 0.13 0.13 2,3
0.12 C.12
C D at 0,05 1.18 - 0.92 - - - -
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The higher values for earhead length and earhead girth in sorghun
at hicher N levels of nitrogen could be a consequence of better ~rowth
components (plant height and LAI) expressed by sorghun crop at these levels,
These in turn,have possibly resulted in increased photosynthetic efficiency and
higher net assinilation rate (NAR) over control. Krishna Murthy et al, 1473
reported similar results, In addition to this, drynatter accumulation was alsc
hirher at high nitropen levels (40 and 80 kg /ha) over control (Table 4 & Pi;, 5).
At these high N levels accurulation of nitropen in grain was also hiph (Table 1o

and Fig. 11).

The present findinps are in confirmity with the observations made Ly

Reddy (1965), Reddy (1969) and, Prem Singh and Choubey (1773).

Lower values cf yield characters (lenpth and pirth of earhead) in
scrphun, recorded with cropping systems I2 and I3 against those found with
I1 (Talle 5) could be attriluted to reduction in quantities of putrients
availalle or account of competition -.f the crop with the companion crop (mung-

Leans or pipeonpea).

1000 grain weight in sorghunm:

Statistical analysis of the data on 1000 grain weight (Talle - 0)
revealed significant increase in 1000-prain weight due to application of
nitroren at 4G (N1) and 80 (N2) kg/ha levels with a respective increase of
13.4 and 20.3 per cent apainst control. The treatment N2 recorded maximun
1000 prain weipght (27.25 gm) and control the minimun (22.62 gm). The effects
of treatments N1 and N2 were on par. The phenomenon of increase in the 1000
grain weipght due to increase in the quantity of nitrogen applied could le
attributed to higher translocation of the nutrients to developing grain

favoured by increased application of the nutrient.



Table: € Test weight (uw) as influenced by varying levels of nitrogen, spacing

and cropping systen

in sorzhum

Spacing
LEVEL OF Sl S2 S3
NITROGEN Cropping systen
I1 12 13 11 12 13 11 I2 I3
NO 23,31 23,02 22,78 22,83 22.,9¢ 22,71 22,49 21,7 21.8
N1 26,20 25,79  25.5 26,14 2€,41 25,57 25,57 25.26 25,67
N2 27,53 26,44 20,78  27.99 26.83 26.7 28,14 27,4 27,32
Means for Nitrogen NO: 22,62 N1: 26,79 N2: 27.25
Means for cropping system Il: 25.58 I2: 24,98 13: 26,09
Means for spacing Sl: 2¢,37 S2: 25,24 S3: 25.04
Source of variation ) (1) (NxS) (Nx1) (1xS) (SxNx1)
'F! test Sig NS NS NS NS R
S, En + 1,02 0.9 1.5 1.5 1,5 2,7
1.6 1.6
CD at 0,05 2.84 - - - - -
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Yield per plant in sorghunm:

Data on yield per plant are presented in Talle 7 and Fig., 7. Statisti-
cal analysis o% the data given in Table 7 revealed an increase in the yield
per plant with increased application of N, Mean per plant yield was at nmaximum
(21.9 gm) in N80 and least (12,5 pm) was in control, Application of and 80 ke
N/ha resulted in an increased per plant yield Ly 57.7 and 76.5 per cent over no
nitrogen respectively,
! The increase in per plant yield at higher Il levels might be due to

increase in earhead length, earhead girth and 1000 grain weight. (Table 5 & ()

Tatwadi and Chowdhari (157¢) reported that increase in N level fron 50
to 150 kg N/ha increased the yield per plant in sorghum. Cropping system - 1
yield per plant of sorghum was significantly higher than that in cropping systens
2 and 3; the cropping systems 2 and 3 were on par. Cropping systems 2 and 3
recorded decrease in yigld per plant by 7.5 and Y per cent over cropping systen-l

respectively,

This decrease in the yield per plant in cropping systems and 2 and 3
could Le attributed to the lower values of earhead length and girth reocrded

in these systems against that recorded in cropping systen-l,

Simple correlations made between grain yield and yield per plant
(C.982), nitrogen uptake by pgrain and yield per plant (0,958), leaf area
index and yield per plant (0.818), shoot drymatter production and yield per
plant (0.968), 1000 grain weight and yield per plant (0.949), length of the
earhead and yield per plant (0.965) and, girth of the earhead and yield per

plant (0.936) were significant,
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Table: 7 Yield plant (gm) as influenced by varying levels of nitrogen,spacing
and cropping system in sorghum

Spacing
LEVEL AT S1 S2 S3
NITROGEN Cropping system
11 12 13 Il 12 13 11 12 13

-

NO 13.44 12,72 12,36 12,54 11.4 11,6€ 13,33 12,5 12,16
N1 20,33 16.36 19.0 20.33 19.66 19.5 20,93 19.33 19,16

N2 26,33 21,33 21.66 22,16 21,13 20,66 22,1¢ 21.13 20,33

Means for Nitrogen No: 12,50 NI1: 19,73 N2: 21.88
Means for cropping systems Il: 19.10 1I2: 17.€2 1I3: 17.39
Means for spacing S1: 18,50 S2: 17,71 S3: 17,89

Source of variation (N) (s) ¢)) (NxS) (Nx1) (1xS) (SxNx1)
IF' test Sig RS Sig NS NS NS NS
S, Enm + 0.39 0.3 0.3 0,5 059 0.5 1,0
0.62 0.62

C D at 0.05 1.09 - 0.68 - - - -
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Straw yield - £ sorghun:

Data collected on straw yield of sorghum at the two sites was
statistically analysed and presented in Table - 3. The averane yield of
all the treatments were higher at site - 1, than at site - 2. HNitropen
fertilisation influenced the straw yield significatnly at both the sites,
and application of 40 and 80 kp N/ha resulted in an increase @f 5C and 93
per cent respectively over control at site - 1, Site - 2 data also followud

sinilar trend.

The increase in the straw yield at high nitrocen levels could Le due

to increased plant height and leaf arca index at these levels (Talbles 1 & 3),

Sinilar observations were made by Roy and Wright (1971) and Balaiah

(1975).

Grain yield:

Graiu yield data of the experinental crops obtained from Site-~1 and
Site~2 were analysed sta:istically and presented in Table 9. Yield data
from the two experimental sites (Table 9 and Fig. 9) revealed that the test
crops at aite-l recorded higher yield than the same crops grown at site-2,
The yicld trends at both the sites were generally identical. Details are

discussed hereunder.

A. SORGHUM (SITE=-1)

The differences in grain yield of sorghum due to nitrogen levels were
significant and maximum yield of 27.95 q/ha grain was reslised at the highest
level of nitrogen (80 ki N/ha) followed by 40 kg N/ha (25.39 q/ha) and the
ninirue yield of 16.7 q/ha was recorded in the control (NO) treatment. There
was an increase 52 and 68 per cent over the control at the 40 and 8U kg N/ha

levels, respectively.



Table: 88 Sundried fodder yield (q/ha) at site one as influenced by varying levels cof
nitrogen, spacing and cropping system in scrghum

Spacing
LEVEL OF sl S2 S3
N ITROGEN Cropping system
I1 12 I3 11 12 13 I1 I2 13
NO 22,77 22,67 22.5 23,07 21,57 22,1 23.4 23,07  15.°

N1 35.43 33,13 32,97 32,43 32,37 35,07 34,1 32,93 32,97

N2 43,1 40.97 40,33 44,53 44,9 44,1 42,33 42,83 42.8¢

Means for Nitrogen NO: 22.33 NIl: 33.6 N2: 43.0
Means for cropping system I1: 33.46 12: 32,71 13: 32.74
Means for spacing S1: 32.65 S2: 33,46 §3: 32.81

Scurce of variation ) (s) (1) (NxS) (Nx1) (1xS) (Sxix1)

'F' test Sig NS NS NS NS NS NS
S. En + 0.4¢  0.75 0.75 1.3 1.3 1.3 2,25
1.13 1,13 1,3

C D at 0,05 1.13 - - -



Tablc: ©b Sundried fodder yicld (q/ha) at site two as influenced by varying levels
of nitrogen, spacing and cropping system in sorghun

Spacing
LEVEL OF Sl S2 S3
N ITROGEN Cropping systenm
Il 12 13 11 12 I3 11 12 13
NO 21.1 22,67 21.5 21.07 20.2 21,03 21,63 19 15,7
N1 22,33 30.97 30.07 30.03 30.0 3C.33 31.67 30,07 29.t7
N2 43.4 40,23  39.33 43,53 42,23 42,87 41,0 41,47  4C,53

Meanes for Nitrogen
Means for cropping system 1I1: 30.67 1I2: 30.63 13: 30.5¢

Means for spacing

Source of variation
'F! test

S, Em +

C D at 0,05

(N).

(s) (1) (Nxs)

NS NS NS
1.0 1.0 1.73
1,53

NO: 20,88 N1l: 29.53 N2: 41.66

S1: 30.18 S2: 31,32 83: 30.5€

(Nx1) (1xS) (SxNx1)

NS NS NS
1,73 1.73 3.CC
1.53
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Intercropping with mungbean (I2) as well as pipeonpea (I3) resulted
in slight but significant decrease in grain yield of sorghun in conparison
with the sole sorghun (Il) prain yield. The decrease in sorghunprain yield

was 8 and 11 per cent respectively when intercropped with oungbean and

pigeonpea. These grain yield differences were not significant,

The grain yield differences in three spacings (45 cm x 15 cn),
(67.5 cn x 10 cn) and (90 em x 7.5 cn) were not significant., This indicated
the ability of sorghun to adjust with chanpes in inter and intra-row spacings

so long as the plant population per unit area was sane.

The interactions between various factors were not significant,

B. Sorghum (Site-2):

Application of 1 (M40 and NOO) increased the grain yiled of
sorghum significantly over the control (N0) treatment while there was

no significant diffeorence between 40 and M80. The maximum prain yield of

26.85 q/ha was recorded at N8U level followed Ly that of 40 kg N/ha (23.91 q/ha)
and the winiuwum grain yield of 13.29 gq/ha was recorded arainst control (NO).
This represented an increase in grain yield of 8) and 102 per cent over

control with the application of 40 and 80 kg N/ha respectively.

Intercropping with pigeonpea (I3) reduced the sorghum yield signi-
ficantly (7 per cent) compared to sole cropping of sorghum while its yield
in mungbean intercropped treatment was on par with it. The grain yield
differences due to spacing treatments were not significant as was observed
in site-l, Similarly the interactions were also not significant in this

Tespect.
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Table: 92

Grain yield (q/ha) as influenced by varyinglevels of nitrogen,

spacing and cropping system at site-l in sorghum

Spacing
LEVEL OF Sl S2 S3
N ITROGEN Cropping system
Il 12 13 11 12 I3 11 12 JI3
NO 18.44 16.5 16.16 18,49 15.5 15,14 17.68 16,41 15.7
N1 27.21 24,31 24,59 27,19 24,36 24,36 26,85 25,67 24,01
N2 30.11 27,26 26,4 29.57 28.17 26.6 28,92 27,77 26.85
Means for Nitrogem NO: 16.69 Nl: 25.39 d2: 27,95
Means for cropping system Il: 24.94 1I2: 22.58 13: 22.2
Means for spacing Sl: 23.44 S52: 23,26 S3: 23,31
Source of variation ) (s) () (NxS) (hx1) (1xS) (Sxiix1)
'F! test Sig NS Sig NS NS NS NS
S. Em + 0.83 0.87 0.87 1.52 1,52 1,52 2,63

C D at 0,05 2.3 - 1.7 -
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Several workers reported the positive response of sorghum to nitrogen
fertilisatioq when it was grown as sol...op (Raheja and Krantz, 1958; Krishna
Murthy et al, 1973 and Chari et al, 1976). Krantz et al (1976) reported that
sorghum responded well to nitrogen application at 120 kg/ha over 22 kg/ha level

in intercropping.

Mungbean and pigeonpea reduced the sorghum yield when intercropped with

it (Anonymous, 1975-76).

Grain yiecld of sorghum was not influenced by changes in spacing. The
ylelds were similar at 45 em, 60 cm, 90 cm and 120 cm row spacings (Chandravan-

shi, 1976 and Bapat et al, 1976).

Higher nitrogen application resulted in better N uptake (Table 10)
by the plant, It also recorded higher LAI and more drymatter which were
responsible for better synthesis of photosynthesis. WNitrogen application
also improved the 1000 grain weight of the grain, earhead length and girth,
and per planc yield. The cumulative uffect of all these yield attributes

contributed to higher grain yield for sorghum with higher nitrogen levels,

The competition between the main sorghum crop and the intercrops
for nutrietns in cropping systems 2 & 3 appear to be little individually
since non-significant reduction in LAI, drymatter, length and girth of the
earhead, test weight and per plant yield were noticed but the combined
effect of all these attributes might have contributed to reduction in grain

Yield of the main crop.

Correlations made between grain yield and other plant characters were

significant,



T able: 9b

spacing and cropping system at site-2 in sorghum

Grzin yicld (q/hz) as influenced by varying levels of nitrogen,

Spacing
LEVEL OF S1 §2 S3
NITROGEN Cropping system
11 12 13 I1 12 13 Il 12 13
NO 13.06 13,02 12,52 15,62 13,00 12.98 13,2 12,6 12,77
N1 24,62 24,39 23,08 24,39 24,24 22,2 24,12 24,14 23,41
N2 27.66 27,51 25,62 27.64 27.06 25.74 27,21 27.31 25,85
Means for Nitrogen NO: 13,29 N1: 23.91 N2: 26.85
Means for cropping system Il: 22,03 12: 21,47 1I3: 20,53
Means for spacing S1: 21.36 S2: 21.5 £3: 21,18
Source of variation w) (s) 1) (NxS) (Nx1) (1xS) (3xNx1)
'F' test Sig NS Sig NS NS d{s NS
S. Em + 2,49 0.4 0.4 0.7 0.7 3.7 1,22
C D at 0.05 6.91 - 0.78 - - - -
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Grain yield of sorghum and nitrogen uptake.by grain: 0,97

Grain yield of sorghum and leaf area index : 0.83
Grain yield of sorghum and shoot drymatter : 0.97
production

Grain yield of sorghun and test weight : 0.96
Grain yield of sorghum and earhead pirth : 0,90
Grain yield of sorghun and per plant yiecld : 0.96

C MUNGBEAN (SITE-1)

In higher sorghum inter-row spacing of 90 cm, significantly
increased the grain yield of mungbean was recorded compared to that apainst
45 cm spacing treatment., However, the yields of nunsbean between S2 and S1,
and also between 82 and S3 were on par. This indicated two wider inter-row
spacings (67.5 cm and 90 cm) of gorghum resulted in an increased grain yield
of mungtean by 22 and 39 per cent respectively over the closer inter-row

spacing of sorghum (45 cm),

D MUNGBEAN (SITE-2)

Spacing treatment S2 and S3 significantly increased grain yield of mung-
bean over that S1 treatment. The differences between S2 & S3 was also signi-
ficant., Higher grain yield of 4.5 q/ha was noticed in the widest inter-row
spacing of sorghum while the lower grain yield (3.26 q/ha) of wungbean was

observed in the closest inter-row spacing.

Increase in grain yield of mungbean with the increase in inter-row
spacing of sorghum could be due to accomodation of more number of mungbean

plants in available space on account of wider sapcing in sorghum,



Table: 9¢ Grain yield (q/ha) as influenced by varying levels of nitrogen and spacing
at site-l in mungbean

LEVEL OF Spacing
NITROGEN Sl S2 S3 Mean
NO 3.6 4,13 4,91 4,21
N1 3,52 4,38 4,83 4.,2¢
N2 3.05 3.92 4,36 3.78
Mean 3.38 4.14 4,72
Source of variation: 'F'test S. Em C D at 0,05
+
Nitrogen NS 0.23 -
Spacing Sig 0.48 1,045

Nitrogen x Space NS 0.84 -



T-ble: Jd Grain yicld (q/ha) as influenced by varying levels of nitrogen and
spacing at site-2 in nungbean

LEVEL OF Spacing
NITROGEN Sl S2 S3 Mean
NO 3.4€ 4,01 4,82 4,1
N1 3.3¢ 4,02 4,71 4,03
N2 2.57 3.75 3.97 3.5€
Mean 3.2C 3.93 4,5
Source of variaticn 'F' test S. Em C D at 0,05
+
Nitrogen NS 0.183 -
Spacing Sig 0.137 0.298

Nitrogen x Space NS 0.234 -
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E PIGEONPEA:

The yleld of pigeonpea was not affected by the treatments at both
the sites. Krantz et al (1976) reported that the grain yields of four
pigeonpea varie;ies with and without intercrop at two row spacing 75 cm
and 150 cm in black soil were on par. Variations in row spacings as 45,
Y90 and 135 cm with constant population did not influence the pigeonpea yield
with Hybrid-2 variety (Anonymous 1976L). This might Le due to the main-
tenance of constant population in all the treatments. The yileld of pigeonpea
at site-l was higher than that recorded at site-2; the difference in yield

could be due to life saving irrigation given to the crop at Site-l whereas

at site 2 did not receive any irrigation.

Chemical analysis:

The chemical analysis data pertaining to nitrogen, phosphorus and
potash carried out on different crops and at different growth stapes are

presented in Appendix 7 & 8,

A. NITROGEN:
Concentration of nitrogen decreased with advancement of crop age

in all the crops (sorghum, mungbean and pigeonpea).

B, NITROGEN UPTAKE BY SORGHUM CROP:

Nitrogen uptake in the grain, and straw of 50th day in the main
sorghum crop was analysed statistically and presented in Table 10 & Fig, 10.
The differences between the N levels for N uptake in grain and straw were
significant. The N uptake increased significantly with increased nitrogen
levels, In sorghum_grain, taxicun uptake of 43.95 kg N was recorded

at ngevel and the minimum uptake of 21.22 kg N was recorded in the control.



Tal.le: e Grain vicld (q/ha) as influcnced by varying levels of nitrogen and
spacing at site-l in piuconpea

LEVEL OF Spacing
NITKOGEN Sl 52 S3 Mcan
NQ 10,58 11,33 11,64 11.18
N1 10.53 11,71 12,25 11,63
N2 11,74 10.81 10,8¢ 11.13
Mean 11,08 11,28 11.58
Source of variation 'F' test S.Em C D at 0,05
+
Nitrocen NS 0.55 -
Spacing NS 0.76 -

Nitrogen x Space NS 1,32 -



Table: 9f Grain yield (q/ha) as influenced by varying levels of

nitrogen and spacing at site-2 in pigeonpea

LEVEL OF Spacing

NITROGEN Sl S2 S3 Mean
NG 5.12 4,98 5.19 5.09
N1 4,36 4,88 5.17 5.00
N2 4,76 4,69 5.02 4,82
Mean 4.54 4,85 5.12

Source of variation 'F' test S.Em D at 0.05

*

Nitrogen NS 0.2 -

Spacing NS 0.216 -

Nitrogen x Space NS 0.38 -
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Application of 40 and 80 kp N/ha increased N uptake in prain Ly 75 and 107

per cent respectively compared with the ~cntrol, In scrrhun straw 2180 maximur
23 kg uptake of N was recorded at N80 level and che mininum 5,18 ke uptake

of N was noticed in the control, Nitroren levels 40 and 80 ki N/ha increascd

N uptake in straw by 112 and 343 per cent respectively over control. The
recovery of nitrogen as evidenced by the uptake of N in grain and straw of

sorpghum was 55 and 50 per cent respectively in I 40 and N 80 levels,

Cropping systens also sipnificantly influenced the uptake of N in sorehun
crop. In cropping systen-l uptake of W both in grain and straw was superior
over the uptake of N Ly the same crop in other cropping systems 2 and 3, cropping
systens 2 and 3 were on par with each other for this attrilute. This night le¢
due to intercrop competition in croppins systems 2 and 3 which was evidencid Ly

the higher drymatter production of intercrops at higher nitrogen levels (Table 4),

Nitrogen uptake Ly prain of sorphun was highly correlating with other
plant characters.

Nitrogen uptake Ly grain and grain yield 0.98

o

Nitrocen uptake Uy grain and leaf area index 0.84

oo

Nitropen uptake by grain and shoot drymatter : 0.9

production
Nitrogen uptake by grain and test weight : 0,93
Nitropen uptake by grain and length of the : 0,93
earhead
Nitrogen uptake by grain and girth of the 5 0,93
earhead
Nitrogen uptake by grain and per plant : 0,95
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Table:102 N uptake (kg/ha) by grain as influenced by varying levels of nitrogen,
spacing and cropping system in sorghum.

Spacing
LEVEL OF Sl S2 S3
NITROGEN Cropping system
11 12 I3 11 12 13 11 12 13
NO  25.08 18.76 21.05  25.44 18.8 18,96  24.26 19,32 19.28
N1 39,7 31.8 35.2 42,66 30.6 32,5 45,63 39,56 37,38
N2 51,06 41,91 41,35 49,03 41,96 42,22 47,45 41,45 39,41
Means for Nitrogem NO: 21,22 Nl: 37.24 N2: 43,95
Means for cropping system Il: 38.92 1I2: 31,55 1I3: 31.94
Means for spacing S1: 34,00 S2: 33,58 S3: 34,83
Source of variation ™) (S) (1) (NxS) (Nx1) (1xs) (SxNx1)
'F' test Sig NS Sig NS NS N3 NS
S. Em + 1.15 1.79 1.79 3.1 3.1 31 5,4
2,8 2,8
C D at 0.05 3.2 - 3.5 - - - -



Table: 10b I uptake (kg/ha) by straw of sorghum as influenced by varying levels of nitrogen,

spacing and cropping system

Spacing
LEVEL OF S1 $2 S3
NITROGEN Cropping system
11 12 11 12 13 I1 12 13
NO 6.31 5.2 4,48 6.18 4.81 5.04 5.7 4.93 4,03
N1 13.11 10,47 10.67 11,17 11.04 10.3 11.85 10.05 10,06
N2 24,83 21.95 20.88 25,6 22,51 21,74 25,15 21,71 22,53
Means for Nitrogen NO: 5.18 N1l: 10.97 N2: 22,99
Means for cropping system Il: 14,43 I12: 12,52 I3: 12.19
Means for spacing S1l: 13.1 $2: 13.15 s3: 12.9
Source of variation ) (s) (1) (NxS) (Nx1) (1xS) (SxNx1)
'F' test Sig NS Sig NS NS NS NS
S. Em + 0.48  0.47  0.47 0.82 0.82 0.82 1.4
C D at 0G.0S 1.34 - 1,86 - - - -
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C PHOSPHORUS CONCENTRATION:

P qpncentration is presented in Appendix 7 & 8. At 30 days
prowth stape of the main crop 40 and 80 N applied treatments recorded more
concentration of P (around 0.7) than control treatment (NO) (around 0.5).
At 60 days growth stape the trend differed largely from 30 days stage.
Control treatments (NO) recorded maximum P concentration (around .48),
followed by 80N (0.4) and minimum concentration was recorded in 40N levels
(around 0.28). This trend of 60 days continued at 90 days stape and even
in grain of sorghum. Thus the P concentration has not followed a specific
pattern in various stages gorghum plant growth and with various treatments,
It's concentration in grain of pigeonpea and mungbean was almost same and

not at all influenced by various treatments under study.

D POTASSIUM CONCENTRATION:

Potash concentration of grain (harvest) and straw (90 days) of
sorghum 1is presented in Appendix VII, The potassium concen-
tration in straw was almost double to grain, The various treatnents under

straw have not imfluenced the concentration of potash either in grain or

straw much,
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Gross monetary returns:

Gross monetary returns calculated from the experimental data are pre-
sented in Table 11, Application of nitrogen influenced gross monetary returns
at both the experimental sites. At site 1, there was an increase in gross
Teturns to the extent of Rs 1178 and Rs 1521/ha with the application of 40
and 80 kg N/ha, respectively, while the corresponding increasc at site-2
was Rs 1365 and Rs 1760/ha with 40 and 80 N level respectively over contrel,
The gross monetary returns at site 1 were more than that site-2, when the
average of all treatments is considered. Response to applied nitrogen in
terns of monetary returns was more at site-2 than that at site-1, This could
Le due to poor fertility status of the soils at site-2 in cowmparision with
that at site-l. With increasing nitrogen level, the increase in gross monetary
returns was 1n decreasing order at both the sites; this trend in gross monetary

returns has followed the trends in grain yield in sorghum,

Cropping systems also influenced the pross monetary returns significant-
ly at both the sites. Cropping system I 3 had given an increase of Rs 2610 and
Rs 1112/ha respectively at site-l and site-2 over cropping systems Il. The
higher gross monetary returns at site-l was due to the higher grain yield

of pipeonpea at that location,

Cropping system 12 has given an increase of Rs 566 and Rs 697 per ha at

site one and two respectively over cropping systems one.

At site 1 the maximum gross return of Rs 6657/ha was obtained with the
treatment of N 80, I3 and S1. The minimum gross return of Rs 2356 was obtained
with the treatment NO - I1 and S3. At site two, the treatment N80 I3 and S3
has given maximum gross returns,of Rs 4831/ba and winimum gross return of

Rs 1800/ha were obtained in treatments combination of NO Il and S3.
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Table: 1la Gross monetary returns (Rs'00) as influenced by varying levelsof nitrogen,
spacing and cropping system (site-1)

Spacing
LEVEL OF Sl S2 S3
N ITROGEN Cropping system
I1 12 I3 11 12 13 I1 12 - 13
NO 24,39 29,27 49.13 24,49 30,15 49.83 23,56 31.84 51,07
N1 36,19 38,57 61.22 35.86 41,23 63.29 35.29 43,87 63,93
N2 40,43 43,1 66,57 39.94 46,15 64,43 38,94 46.25 64,84

Means for Nitrogen NO: 34,86 N1: 46.64 N2: 50,07
Means for cropping system Il: 33,27 12: 38,93 13: 59.37
Means for spacing Sl: 43,21 S2: 43,93 S3: 44.43

Source of variation N) () 09) (NxS) (Nx1) (1xS) Sxiix1)
'F' test Sig NS Sig NS NS NS NS
S. Em + 0.74 1,28 1.28 2.22 2,22 2,22 3.8
1.96 1.96

C D at 0,05 2,06 - 2,55 - - - -



Table: 11b Gross monetary returns (Rs '00) as influenced by varying levels
spacing and cropping system (site-2)

of nitrogen,

Spacing
LEVEL OF Sl S2 S3
NITROGEN Cropping system
11 12 13 I1 12 13 I1 12 13
NO 18.49 24,66 30,67 20,84 25,7 30.62 18.0 26,7 30,78
N1 32,77  39.08 43,58 31.89 40.87 43.08 32,12 41,38 44,5
N2 37,53 42,98 47,07 37.51 42,4 47,5, 36.75 44,88 48,31
Means for Nitrogem NO: 25.16 N1: 38,8" N2: 42,76
Means for cropping system Il: 29,54 I2: 36,51 13: 40.66
Means for spacing S1: 35,2 82: 35,5y  §3: 35,93
Source of variation ™) (s) 69) (NxS) (Nx1) (1xS) (SxNxl)
'F! test Sig NS Sig NS NS NS NS
S. En + 1,26 0.96 0.96 1.66 1,66 1,66 2.5
1.85 1.85
C D at 0,05 3.5 1.9 - - - -
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From the two sites data it is seen that spacing factor had no
influence on the gross monetary retu ne the cropping system and nitropen

factors influenced the gross returns substantially,

The N8C and I3 combination had given highest gross monctarv returns
at both the sites:; this was due to responsiveness of sorghum to added
nitrogen (80 kg N/ha) and to the high gross rcturn fron the intcrcrop
of pigeonpea. The cropping system I1 (sole snrghum) prnduced the lowest

gross returns at all nitrogen levels and spacings at bnth sites.

Protein yield:

The trend of protein accumulatinn in sorghum was similar to
that of nitrogen accunulation. The total protein yield from the cropping
systems was calculated and analysed statistically and prescented in Fig. 8 &
Table 12, The nitrogen level N80 recorded significantly higher protein
yield than the NO treatment. The M4O and N80, and M40 and control, were
on par. The trecatments with 40 and 80 kg N/ha increased total protdn
yield by 45 and 60 pcrcent respectively over control. This increase
in protein yield could be attributed to increased sorghum grain yield

with increase in the level »f nitrogen.

The total protein yield of cropping systems 2 and 3 were significantly
higher than system 1. The maximum total protein yield of 4.13 q/ha was
obtained from cropping system 3 and the minirum total protein yield of
2.44 q/ha was obtained from cropping system 1. Cropping systems 2 and 3

produced 23 and 7lpercent more total protein yield than cropping system 1.



Table: 12 Total protein yield (q/ha) as influenced by varying levels of nitrogen,

spacing and cropping system

Spacing
LEVEL OF Sl S2 s3
NITROGEN Cropping system .
11 12 13 I1 12 13 11 12 13
NO 1.65 2,05 3.31 1.61 2,18 3.3 1,51 2,39 3,38
N1 2,48 2.9 4,37 2,66 3,05 4.3 2,85 3.7 4,66
N2 3. 19 3.4 4,92 3.06 3.65 4.22 2,96 3.7 4.6
Means for Nitrogen NO: 2,38 N1: 3.4 N2: 3,81
Means for cropping system Il: 2,44 I2. 3,00 1I3: 4,18
Means for spacing  Sl: 3.14 S2: 3,1% S§3: 3,31
Source of variation N) (s) (¢9) (NxS) (Nx1) (1xS) (SxNx1)
'F' test Sig NS Sig NS NS NS NS
S. Em + 0.84 0.12 0.12 0.22 0,22 0.22 0.36
0.19 0.19
C D at 0.05 1.23 - 0.25 - - - -
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This increasc of total protein yicld in crepping systems 2 and 3 against
cropping systen 1 was from the corntribution of the r spective inter-
crops (mungbean and pigeonpea) involved in the systems. Cropping system
3 produced 39 percent total pretcin yield over cropping systen 2. This
was due to the greater quantity of pulse grain produced from the cropping
system 3 (pigeconpea) over the mungbean in (cropping system 2).  The

protein content of both the lcpumes was almost the same.

Harvest Index:

Data on harvest index are precsented in Table 13.
A. SORGHUM:

Higher value of harvest index (37.39) was recorded against
contrel, the value was lowest (29.6€) at N80 level:; N4O and N80 levels
were on par. The levels of nitrogen 40 and 80 kg N/ha resulted in
decrecased HI by 17 and 22 percent respectively over control in sorghum.
The decrease im HI with increasing nitrogen level might be due to the
excessive production of dry matter (vegetative) rather than grain yield
at higher nitrogen levels. Marayanan and Sheldrake (1975-76) reported
that the higher HI does not necessarily mean a higher yield.

B. COMBINED HI:

As mentioned earlier the combined HI was .calculated for the
cropping systems. The influence of nitrogen fertilisation on combined
HI was similar to that of its effect on HI in sorghum as sole crop.
Cropping systems also influenced the combined HI significantly. Cropping
system I1 and I2 were on par. This could be due to the higher HI recorded
by mungbean. Cropping systems I3 recorded lowest 26.1 HI whercas cropping
systenn 12 recorded the highest 36.15 HI. Cropping system I2 resulted in
an increase in HI by 3 percent, whereas cropping system I3 showed a

decrease in HI by 25 percent over control.



Table: 13a HI of sorghum as influenced by varying levels of nitrogen, spacing
and cropping system

Spacing
LEVEL OF Sl S2 S3
NITROGEN Cropping system
Il 12 I3 Il 12 13 11 I2 13
NO 41.67 39.25 39.7 40,7 34,6 34.9 39.4 38.7 36.7
N1 33.4 30.3 30.7 33,2 31,0 31.3 32.9 32,3 30.2
N2 31.9 29.1 28.4 30.8 29.5 28.0 30.6 29,6 29,0

Means for Nitrogen NO: 38,4 Nl: 31,7 N2: 29.7
Means for cropping system Il: 34.9 I2: 32.7 I13: 32.1
Means for spacing S1l: 33.8 S2: 32,7 S3: 33.3

Source of variation (N) (S) (1) (NxS) (Nx1) (1xS) (SxNx1)
'F' test Sig NS. NS NS NS NS NS
S. Em + 1477 1,22 1,22 2,12 2,12 2.12 3.6
2.48 2,48

C D at 0.05 4,92 - - - - -



Table: 13b Totsgl HI as influenced by varying levels of nitrogen, space and
cropping system

Spacig§

LEVEL OF + Sl s3
NITROGEN Cropping system
Il 12 13 Il 12 13 I1 12 -13
NO 41,7 43,8 24,6 49,7 40.1 23,5 39.4 44,4 25,0
N1 33.4 33.0 20.4 33.2 34,1 23,6 32,9 35.7 23.4
N2 31.9 30.9 21.8 30.8 31.5 21.3 30.6 31.8 21,7
Means for Nitrogen NO: 34,9 Nl: 29,9 N2: 28,0
Means for cropping system Il: 34,6 I2: 36.15 1I3: 26.1
Means for spacing S1: 31,2 Ss2: 31,2 s3: 31,6
Source of variation (N) (s) (1) (NxS) (Nx1) (1xS) (SxNx1)
'F' test Sig NS Sig NS NS NS NS
S.Em + 1.48 1.2 1.2 2,08 2,08 2,08 3.6

C D at 0.05 4.11 - 2,39 - - - -



GENERAL DISCUSSION



It ..4s loug bean recornised th-~+ intercroyping is a traditional
practice of widespread "aportance. Untilvery r :ently the rescarch attention
on this subject has been negligible. One of the main reasons for this was
probably an inﬁerent belief that intercroppinc was only advantageous in poorly
developed 'peasant farmer' situaticns, thus offering little scope for iujrove-
ment, In any case, it must be accepted that, whatever the evidence for or
against it, intercropping will continue tobe a widespread practice for otleast
thef. roscenhle future., Hence the need for letailed studies on this aspect

exists,

With these Lasic objectives, sorpghum monocrop system was corparcd
with sorpghun/runpbean and sorghum/pipecnpea intercroppins systems under three
nitrogen levels (0, 40 and 80 kp N/ha) and three spacings (45 cw x 15 c¢n,

67.5 cm x 10 cu and 90 en x 7.5 cn).

This experinment conducted at site-l and site~2 revealed similar
trends, Cropping system 1 is sole sorghum was hiphly influenced by nitropen
application (40 and 80 kg N/ha) at Loth sites. (Similar observations were
made by Raheja and Krantz, 1958 and Chari et al, 1976). Growth characters
plant height (Table.l and Fig.3) and LAI (Talle,3 and Fig.4) were significantly
higher at 40 and 80 kg N/ha than control treatment (NO) consequently resulted
in higher earhead length (Table. 5 and Fig. b), higher earhead girth (Table. 5
and Fig, 6), higher 1000 grain weipght (Table.6) and higher per plant yield
(Table., 7 and Fig. 7). All these factors have contributed for higher grain
yield in N40 and N80 treatments over contrcl; finally leading toadditional
gross returns to the extent of Rs #78 /ha and Rs 452/ /ha at site-l; and
Rs 1385/ha and Rs /76¢ /ha at site-2 in these treatments compared to NO nitrogen

treatments (Table. 11).
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The differences Letween spacings were not significant for prain yield,
gross monetary returns and for other plant characters, This was prolally due
to the ability of this crop to adjust the chanpges in s;atial arrangement as
long as population remained constant. This sugp.sted the safe use of 90 cu x 7,5 cn
spacing to sorghum, whereLy we could accomodate an intercrop easily. This also
gave scope for further research tc try the crop Ly doulling the population with

45 en x 7.5 cm spacing as a sole crop.

Sorghun/munglean intercrcpping systen (I2) gave Rs 566/ha and Rs 697/ha
more gross returns conpared tc sole sorghum at site-l and site-2 respectively
(Talle, 11), Similar observaticns made Ly Krantz et al, (1976) and Bhale Rau

et al, (1976).

With increasing nitrogen levels to sorpghum munglean drymatter yield
increaged sipnificantly, whereas its prain yield statistically remained uneffect-
ed (Table., 9). At both the sites there was slight increasing trend in munplecan
grain yield with 40 kg N/ha over control while slipght decreasing trend was
observed with 80 ke N/ha compared to N40 and NO treatments(Talle, 9). The
levels of nitrogen N40O and N8U applied to sorghum resulted in similar effects on
munglean at different population levels. This trend in munglean yield indicated
that the nitrogen levels did not influence its yield prolably leing a legume J
crop.

Sorghum (the maincrop in cropping system 2) yield increased with
applied nitrogen levels of 40 and 80 kg N/ha. However, compared to sole
sorghum its yield was less (significantly less at site-l and non-significantly

less at site-2) at (NO) control, 40 kg N/ha and 80 kg N/ha.
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In sorghum/mungbean intercropping system, the sorghum yicld ranged
from 16.3 gq/ha undefr;itrogen conditions tc¢ 28,12 q/ha with 80 kg N/ha as
against the corresponding yield of 13.2V0 q/ha and 29.53 q/ha in sole sorghunm
crop. This indicated that intercrop of munglbean reduced the prain scrphum
yield at all levels of nitropen at site-l. At site-2 sorphun yield in inter-
cropped systen was almost similar to that ¢f sole sorchun system under 4. and
30 kg N/ha level indicatiny that nunglean did not conpete with sorphun under
adequate fertility condition.

All the characters studied were statistically on par for sorghum of 11
and I2, However, fron the data it could lLe seen that earhead length, carhead
girth, 1000 grain weight of sorphum were sulstantially reduced by intercroupping

with rmungbean compared to sole sorghun,

Spacing factor has influenced the nunglean yield sipnificantly
(Talle, 9). Wider row-spacings to main crop of sorphum, nore plants of nunglean
accorwdated and that resulted in hipgher grain yield of munglean at these
spacings (90 cm and 07.5 cm) than the closer 45 cm spacing (Talle. $). However
total gross monetary returns were not influenced to the extent of increasing the

fross nonetary returns to a sipnificant level.

Sorghun/pipeonpea intercropping system has piven hipher pross
returns than sole sorghum (Table. 11). Mane and Ramshe (1976-77) also reported

sinilar results. At site-l it was Rs 26/0/ka, ol Bili-z2 ¢ was Ro /12 [ha mom
shan Bolk JO?Aum‘ '

However pigeonpea had significantly reduced the main crop (sorghum)
grain yield at site-l and 2 compared to sole sorghum. Bhalerao et al (1976)
also reported similar results., The reduction in grain yield Ly pigeonpea at
spacing 1 (45 cnm) was rore than at spacing 2 & 3., This indicated the competi-
tion of pigeonpea in closer spacing with the main crop sorghum. This reduction
was caused through significant reduction in earhead length, earhead girth and

drymatter yield of sorghun in I3 compared to sole sorghumby pigeonpea (intercrop).



42

Spacing factor did not show influence on the grain yield of pigeonpea
statistically (Table. 9). However 90 cn x 30 cn spaciny pave Letter grain yield
than the other two spacings {45 cu X ve cu and $7.5 ec x 4C cn) of pipecnpea.
Application of nitrogen (N40 and N80) to sorghuri, the maincrop did not influence
the pigeonpea’ prain yleld whereas it could influence only the drymatter yield
significantly.

Thus from the experiment conducted at loth the sites it could Le seen
that intercropping systems were giving lLetter gross returns than thoe sole crop
system. Applicaticn of 80 kg N/ha gave better results in intercrop and sole
crop systems. Spacing factor did not influence the yield of either soryhun or

pigeonpea and it could only influence mungbean yield.

Outof the two intercrop systems sorchum/pigeonpea system had given wuch
better returns tharn sorghum/mungbean syster, However, the selecticn of letter
intercropping systen between these two depends on the factors like soils, rain-
fall pattern ete. For exanmple with black soils and later season rainfall
possibility sorghum/pigeonpea systen way be usefyl whereas in red soils and with

linited rainfall scrghum/mungbean sys' .2 nay prove advantageous,



SUMMARY AND CONCLUSIONS



An experiment entitled ''Studies on the effect of intercropping of
sorghum with grain lepumes under semi-arid conditions' was conducted during
the period from July 1976 to January 1977 at two sites namely Farrm, College
of Agriculture, Rajendranagar, and International Crops Research Institute for
Seni-Arid Tropics, Hyderabad. The experinment involved three levels of nitro-
gen (0, 40 and 80 kg N/ha) as main-plot treatments,three spacings (45 cnm x
15 cn, 67.5 cn x 10 en and Y0 cn x 7.5 en) and three cropping systems
(sorghun sole, sorghun/nungbean and sorghun/pigeonpea) as a sub-plot treat
nents. The experirent was laid out in split plot desipn with three replica-

tions.

The data on various prowth characters viz plant heipht, number of
leaves, leaf area index and drynatter production, and yield attributes
nanely earhead length, earhead girth, test weight, per plant yield were
recorded periodically for the main crop of sorghum. Nitropen content of the
plants at different growth stares and protein content in prain were estinated
for the main and intercrops. Phosphorus was estimated in the main crop
periodicaliy and K was estinated only at harvest. Dcta on straw and prain
yields were recorded to determine gross monetary returns and harvest indices.

Results of the experiment are surmarised below.

1) The levels of nitrogen 40 and 80 kg N/ha influenced all the,
growth characters of sorghum except number of preen leaves per plant, the
yield conponents and yield significantly. Protein yield, nitrogen uptake
and monetary returns were also influenced favourably by these levels of

nitrogen.
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2) Spacing treatments did not influence the main crop of sorghun and
the intercrop piceonpea. Increase in inter-row spacing of sorrhun resulted in

increase 'in prain yield in munpbean.

3) Mungbean intercropping with sorghum resulted in decrcasing the
yield of main crop to different desprees. However., pross monetary rcturns

were in favor of intercropping.

4) Pigeonpea intercropping with sorghun also reduced the yicld of
sorrhum crop. However, by virtue of hirher grain yield and monetary returns
to pireonpea the pross returns from sorshun/pireonpea intercropping systen

were superior to the other two systens.

CONCLUSIONS:  Sorghum/pireonpea intercropping with 80 ky N/ha found to be
nore beneficial fnllowed by sorshun/rungbean intercropping system compared to
sorghun nonocrop system on the licht soils of Hyderabad repion duriny the

kharif season.
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APPENDIX 1(a)

..eteorological data during crop growth period (site-l)
From 4th June, 1976 to 21st January, 1977

Average
std Rain-  Average Average hrs of
Wk, Dates fall Temperature °c hunidity bright

(mm) Max. Min. 07.16 14.10 sunshine/day

23 Jun 4 - 10 23.¢ 35.3 22.9 77 44 6.9
24 11 -17  19.1 3.8 23.6 70 4 V.2
25 18 - 24 77.3 35.3 22.9 76 4y 8.V
26 25 -1 0.0 32.2  23.3 79 55 7.0
27 Jul 2 -8 88.4 31.2 22,5 88 €2 4.6
28 9 -15 39.3 30.3 22,6 83 58 3.2
245 16 - 22 108.8 27.6 21.9 89 15 2.6
30 23 - 2% 13.2 29.8 22.9 86 67 5.2
31 30 - 5 70.8 27.7 22.1 86 73 2.4
32 Aaug 6 - 12 2.4 3u.8  22.1 86 56 5.9
33 13 - 19 10.4 35,8 22,6 84 50 5.7
34 20 - 26 59.0 28,0 22.2 90 75 3.4
35 27 - 2 26.3 28.1 22,1 8y 75 3.1
36 Sep 3 -9 38.6 28.9 21.3 88 58 5.5
37 10 - 16 3.2 32.8 22.1 83 54 7.6
38 17 - 23 27.8 31.4 21.8 81 54 7.0
39 24 - 30 0.0 33.2 19.9 83 33 4.6
40 Qct 1 -7 0.0 33.3 20.6 87 35 9.7
41 8 - 14 0.0 33.6 17.3 84 25 10.1
42 15 - 21 38.7 30,9  19.5 78 41 .15
43 22 - 28 3.0 32.9 19.8 72 37 8.5
44 29 - 4 0.0 3u.7 15.7 85 33 10,8
45 Nov 5 - 11 30.6 26.4 20,7 87 5¢C 7.0
4¢ 12 - 18 14,2 29.1 20.2 92 6O 8.3
47 15 - 25 5.6 26,0 20.0 93 56 4.8
48 26 - 2 1.0 29.0 14.5 51 45 7.4
49  Dec 3-9 0.0 26.1 15.9 95 43 9.3
50 10 - 16 0.0 28.2 13.8 95 42 10.1
51 17 - 23 0.0 26.7 11,2 93 33 8.5
52 24 - 31 0.0 30.7 11.5 91 21 10.4
1 Jan 1 -7 0.0 24,2 10.1 85 25 10.5
2 8 - 14 0.0 30.0 10.6 90 22 10.7
3 15 -~ 21 0.0 29.4 13,9 85 29 10.4




APPENDIX 1(b)

Meteorological data during crop growth period (site-2)
From 4th June, 1976 to 2lst January, 1977

Average Average
std Rain~-  Average Average hrs of daily
Wk, Dates fall  Temperature °C humidity  bright evaporation

(mm) Max. Min, 0717 1417  sunshine/day (mm)
23 Jun 4 - 10 22,7 34.3 23,2 76 38 6.8 11,2
24 11 - 17 10,4 35.4 23.7 69 40 8.7 9.1
25 18 - 26 52.9 35,7 23,2 76 40 8.6 9,7
26 25 -1 - 32,7 23.5 78 45 7.2 8.1
27 Jul J2 - 8 50.2 31,5 22.1 90 61 3.7 5.6
28 9~-15 21.3 31.1  22.3 85 55 3.9 6.5
29 16 - 22 132.7 27,7 22.1 89 77 1.3 5.0
30 23 - 29 11,6 29.8 22,4 88 66 5.2 4.5
31 30 -5 71.3 28,3  21.6 89 74 2.2 3.7
32 Aug 6 ~12 17.0 29.9 21,4 87 58 7.2 5,2
33 13 - 19 113.3 30.1  22.3 87 64 6.2 5.3
34 20 - 26 79.3 27,2 22.1 93 78 2.1 2.8
35 27 - 2 33.6 27.3 21,9 92 7Y 2.7 2.4
36 Sep 3 -9 31.1 28,8 21.3 90 60 5.8 3.8
37 10 - 16 20.4 30.2 22,0 86 57 8.3 5.2
38 17 - 23 5.3 30.9 22,2 84 51 6.6 4.8
39 24 - 30 - 32.7  20.5 84 34 5.0 5.7
40 Oct 1 -7 - 33.0 21.8 84 39 9.3 6.6
41 8 - 14 ~ 33.3  19.1 75 29 9.7 7.2
42 5 -21 0.6 30,6 18.7 78 38 5.5 5.6
43 22 - 28 - 32,3 20.% 3 37 7.7 5.4
44 29 - 4 - 30.4 16.1 77 32 10,7 5.9
45 Nov 5 -11 20.4 28.5  20.5 YL 56 6.8 3.5
46 22 - 18 4.2 30.1 19.6 Y1 53 8.2 4.9
47 19 - 25 4.5 27.7 20,5 92 66 4.6 2.9
48 26 - 2 0.6 28,9 17.2 85 39 7.3 4.8
49 Dec 3 -9 - 28.8 17.2 92 42 8.9 4.4
50 10 - 16 - 28,5 17.1 88 38 9.8 4.8
51 17 - 23 27.3 27.8 12.8 87 28 8.4 4.5
52 24 - 31 - 30.3  14.0 79 2 10.3 5.0
1 Jan 1 -7 - 28,5 12.4 73 22 10.5 5.7
2 8 - 14 - 30.2 13.0 71 23 10.8 5.5
3 15 -21 29,7 29.0 14.9 75 29 10,4 5.8



APPENDIX 1I

Calender cf operations

DATES -

Name of the operation Site-1 Site-2
Preparatory cultivation 20th June. 1976 15th June, 1970
Lay-out Sth July, 176 1llth July, 1.7¢
Sowing Gth July, 1976  1l4th July, 197¢C
Fertilization,

(a) Basal 10th July, 1976 1l4th July, 1376

(b) Top dress 1st August,'7(¢  5th August, 197G
Weeding -

1st weeding 22nd July, 1%76 26th July, 1.7%

Znd weeding 4th August ;1476 8th August 197G
Irrigation 8tk October,1976 No irrigation was

given.



APPENDIX III

, Experimental obsecrvations made at site 1 and site 2

t >

Name of the Site 1 Site 2
observation Sorghum Mungbean Pigeconpea Sorghum Mungbean Pigeonpea
Plant height * - - - - -

lio. of leaves * - - - - -

Leaf arca * - - - - -
Shoot drymatter * * * - - -
production

Earhead length * - - - - -

»*
L]
[}
|
]

Earhead girth

*
!
!
1

1000 grain height

Per plant yield * - - - - -

Nitrogen analysis * * * - - -

Phosphorus * * * - - -
analysis

%
I
i
i

Potash analysis
Straw yield * - - * - -

Grain yield * * * * * *

Reference: * Observation was made

~ Observation was not taken



APPENDIX - IV

Plant height and number of green leaves per plant in sorghum at differcnt
, growth stages

" _Plant height (cm) on Ne, of preen leaves/plant
Treatment 30th 6Oth ~ 90th 30th 60th 90th

day day day day day day
NOS1Il 55.3 125.0 142,1 5.9 7.93 5.7
NOS112 54.3 120.0 141.5 5.7 7.66 5.7
NOs113 55.0 120.6 142,1 6.2 8.26 5.0
NOs211 52.6 131.0 143.2 5.0 8.06 5.7
NOs212 50.3 132.0 144.0 6.0 8.06 5.7
N0s213 51.3 131.3 141.7 5.8 7.8 5.3
Nos311 49,0 125.6 140.5 6.1 8.0 5.7
NOs312 48.0 125.1 141.,7 5.4 7.73 5.7
NOs313 49.0 126.0 142,5 5.9 7.8 5.0
N1s1311 57.0 142.3 151.1 5.9 7.89 6.0
N1s112 55.3 140.3 155.2 6.1 8.6 6.0
N1s113 55.3 141.3 153.8 6.5 7.67 5.0
N1s211 57.3 141.0 152.5 6.1 7.93 6.7
N1s212 50.3 137.6 154,8 6.1 8.2 5.7
N1s213 51.3 133.6 155.7 6.2 8.2 5.0
N1s311 59.3 143,3 154.8 6.2 7.87 5.7
N1s312 55,3 142.3 159.0 5.9 8.07 5.7
N1s313 55.6 144.0 154.9 6.1 8.33 6.0
N2si1l 60.0 148.0 164 .0 6.3 8.33 6.1
N2s112 59.6 146.3 164.3 6.3 8.0 6.1
N2Ss113 60.0 147.3 163,1 6.0 7.93 5.9
N2s211 58,0 145.0 162.6 6.0 8.13 5.9
N2s212 56.0 144.,0 163.1 €.4 3.4 6.0
N2s213 5643 144.6 162.0 6.7 8.73 6.2
N2s311 63.3 145.3 163.4 6.1 8.06 6.0
N28312 60.3 144,2 161.4 6.4 8.46 6.2
N2S313 59.3 144.3 161.1 6.3 8.33 6.0



APPENDIX - V

LAI and Drymatter accumulation pattern insorghum
at different growth stages

LAI Dryratter (q/ha)
Treatment 30 60 90 30 60 90
days __ days days. days days  days

NOS111 0.55 2.65 1.45 1,16 16.2 45.0
NOS112 0.51 2,55 1.35 1.00 15.05 43,15
NOS113 0.51 2.57 1.37 1.33 15.8 42.00
NOS211 0.58 2.72 1.42 1.21 16.85 46.00
NOSs212 0.54 2.56 1.36 1.01 14.85 44,15
NOS213 0.56 2.55 1.36 1.15 14.35 43,85
NOS311 0.54 2.62 1.42 1.43 15.35 44,00
NOS312 0.5 2.55 1.35 1,13 14,72 43,00
NOS313 0.5 2.55 1.35 1.3 15.7 42.5
N1S111 0.75 2,83 1.63 2.3 25.9 81.75
N1s112 0.72 2.77 1.56 2.12 24.8 80.72
N1S113 0.71 2.74 1.53 2.20 25.0 80.00
N1s211 0.7 2.88 1.67 2,20 26.12 81.00
N1s212 0.68 2.78 1.51 2.15 25.11 79.00
N1s213 0.71 2,76 1.44 2.22 24,81 78.5
N1s311 0.72 2.82 1.63 2.25 24.00 82.00
N1S312 0.67 2.75 1.5 2,10 24,00 78.0
N1s313 0.7 2.76 1.52 2.10 23.8 79.00
N2S111 0.9 2.94 1.81 2.8 32,00 95.00
N2s112 0.85 2.86 1.72 2.66 30,3 94,35
N2s113 0.86 - 2,85 1.65 2.77 31.0 93.25
N2S211 0.95 2.99 1.81 3.00 33,05 96.00
N2s212 0.82 - 2.9 1.82 2.75 30,95 96.5
N2s213 .85 2.88 1.73 2.53 31,00 94.8
N2s311 0.91 3.00 1.8 2.97 30400 96.15
N2S312 0.90 2.85 1.65 2,56 31.00 95.85
N2s313 0.888 2.84 1.65 3.00 29.65 93,52



APPENDIX VI

Dry m~tter production of pigeonpea (q/ha) in various prowth stages

D a y s
Treatrent 30 60 90 120 150 180
NOS1 0.35 1.6 5.12 21.12 61.0 69.36
NOS2 0.36 1.7 5.4 21.0 62.5 68.26
NO53 0.34 1.5 5.0 21.5 63.5 67.5
N1S1 0.54 2.24 5.76 25.28 64.0 75.47
N1S2 0.56 2,35 5.36 24.28 J2.0 77.4
N1S3 0.55 2.13 6.0 26.0 €9.5 73.0
N2S1 0.53 2.46 5.76 21.24 78.0 80.0
N2S2 0.54 2.5€ 6.0 27.0 74.0 82.1
N2S3 0.55 2.5 5.45 25.5 76.0 81.27

Dry matter production of mungbean (q/ha) in various

rrowth stajyes

Treatnent 30 days 60 days
NOS1 3.25 8.8
NOS2 3.75 10.7
NOS3 3.85 12.7
N1s1 3.7 10.2
N1S2 4.1 12.17
N1S3 4,2 13.27
N2S1 4.1 12.15
N2S2 4,35 13.7
N283 4.45 14.15



APPENDIX VII

Percentage of N, P and K in Sorghum at different stages
of its growth

CONCENTRATIONS

N P K
Treatments Straw

w
o

) 30 60 90 Grain Gram S/ren
days days days days days Harvest  Harvest Harvest

HOS111

[N
O

1. 1.26 .52 48 A2 .43 K] 1.15
HOS112 1.65 1.15 .47 .48 .12 .43 .53 1,12
NOS1I3 1.64 1,09 A7 .45 .13 .39 .48 1.12
N0S2I1 1.68 1,27 .52 .49 .15 b 48 1.14
NOS212 1.64 1,17 .52 .49 .12 .37 A7 1.12
NOS2I3 1.65 1.11 49 51 .13 W42 .54 1.1
NOS311 1.¢7 1.18 .54 .48 14 .34 46 1.11
N0S312 1.¢5 1.19 46 .51 A4 .33 .S 1.1C
HOS313 1.65 1.13 .49 47 .15 .34 .5 1.2
N1SlIl 2,03 1.4 .71 .29 .08 .33 .48 1.0
N1S112 1.89 1,28 .71 .28 .08 .32 47 1.1
N1S113 1.84 1.3 73 ] .1 .33 .45 1.0
N1S8211 2,03 1.35 .74 .27 .09 .32 45 1.05
N1S212 1.88 1.25 o7 .28 .09 .3 A 1.15
N1S213 1.86 1.31 .68 .28 .07 .3 .49 1.01
N1S3I1 2,02 1.35 .72 .28 .08 31 .48 1.05
N1S312 1.86 1.32 $ 72 .20 .05 .3 NYi 1.05
N1S313 1.88 1.22 74 .28 .00 .3 ) 1.1
N2S1I1 2,28 1.54 .68 .42 12 .35 .5 1.25
N2S1I2 2,11 1.41 .67 b A3 .35 42 1.15
N2S1I3 2,08 1,43 .69 .42 .13 .35 46 1.1
N2S§211 2,26 1,56 .7 .42 .13 .36 47 1.25
N28212 2,16 1,34 .7 42 14 <34 .48 1.2
N2S§213 2.1 1.34 o7 .39 A3 .33 .51 1.2
N2S311 2,28 1.56 .68 A 14 .35 .51 1,25
N2S312 2,12 1.35 .69 43 .13 35 .91 1.3
N2S313 2,12 1.37 .66 WA .13 .35 .35 1.0




APPENDIX - VIII

Percentage of N & P in pigeonpea at diffcrent
growth stages under differcnt treatnents

Concentration in straw N Cone, in proin
Treatnent 30 60 90 120 150 Har- N P
days days days days days vest in groin in prein
NOS1 3.36 2.44 2,45 2,27 1,44 1.14 3.03 0.36
NOS2 3.33 2,42 2,31 2,18 1,37 1,07 3.01 0.38
NOS3 3.24 2.4 2,27 2,05 1.4 1.1 2.98 0,37
N1S1 3.00 2.5 2,46 2.0J 1,45 1.16 3.17 0,37
N1S2 2,98 2.5 2,41 2,09 1.4 1.13 3.1 ¢.36
N1S3 2.9 2.4 2,33 1,97 1,4 1.14 3.03 0.36
N2S1 2,9 2.62 2,54 2,15 1.5 1.22 3.24 0.36
N2S2 2,81 2.55 2,48 2,13 1.39 1,08 3.22 0,37
N2%13 2 AR LY 2 84 2 N5 1.45 12 3.1% 0.6
Percentage of N & P in mungbean at different
growth stages under different treatments
Treatment 30 days 60 days 'N' in grain 'P' in grain
NOS1 3.8 3.05 3.94 0.36
s2 3.77 3.08 3.9 0.34
S3 3.78 3.07 3.98 0,36
N1S1 3.38 3.15 4,13 0.35
S2 3.4 3.16 4,14 0.35
S3 3.42 3.11 4.05 0.36
N2S1 3.39 3.28 4,16 0.37
§2 3.39 3.25 4,14 0.33
S3 3.38 3.32 4,14 0.35



	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif
	00000062.tif
	00000063.tif
	00000064.tif
	00000065.tif
	00000066.tif
	00000067.tif
	00000068.tif
	00000069.tif
	00000070.tif
	00000071.tif
	00000072.tif
	00000073.tif
	00000074.tif
	00000075.tif
	00000076.tif
	00000077.tif
	00000078.tif
	00000079.tif
	00000080.tif
	00000081.tif
	00000082.tif
	00000083.tif
	00000084.tif
	00000085.tif
	00000086.tif
	00000087.tif
	00000088.tif
	00000089.tif
	00000090.tif
	00000091.tif
	00000092.tif
	00000093.tif
	00000094.tif
	00000095.tif
	00000096.tif
	00000097.tif
	00000098.tif
	00000099.tif
	00000100.tif
	00000101.tif
	00000102.tif
	00000103.tif
	00000104.tif
	00000105.tif
	00000106.tif
	00000107.tif
	00000108.tif
	00000109.tif
	00000110.tif
	00000111.tif
	00000112.tif
	00000113.tif
	00000114.tif
	00000115.tif
	00000116.tif

