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Abstract

Intereropping ot sorghum and pearl millet with diferent growth eveles s used widely in third-world
countries to ensure and increase viedds, However, it is questionable whether vield increases because of
intercropping can be maintained under more developed svstems, since temporal differences are necessary to
allow mechanized planting and harvesting,

Three sorghum hvbrids with expected growth eveles trom 90 o 112 davs were planted in sole stands and in
Arernate rows and mised within the rows with a pearl millet hybrid having agrowth evele similar o that of
the carly sorghum. Sole stands ot miller also were included. The plots were planted at three locations in
Ransas, two devland and one including devhind and rerigated. Resals show that vields were consistently
highest i sole stands o sorghum, owing 1o the higher vield level of sorghum. No vield increase could be
found o a land cquivalent rauo basis, indicating no intercropping advantages. However, under good
moisture conditions, atendenay toward vield increase was observed with the later maturing sorghums, which
had 1--2 weehs of grain tilling atter the millet was matore, When moisture supply was insutficient, millet
showed higher competitiveness for water than sorghum, and sorghum was adversely atfected more than pearl
millet was favored. T was concluded that moisture conditions have o be good and that temporal differences
between sorghum and millet have 1o be greater than those used in this experiment to achieve intercropping
viekd advantages.
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Introduction .
tr u ences between crops. ANDREWS (1972) inter-

Intercropping sorghum, Sorghiom bicolor (1..)
Moench ana pearl millet, Pennisetion amer-
icanim (1) Lecke, is a traditional and widely
used  practice in third-world  countries 1o
ensure and inerease vields. This traditonal
cropping system takes advantage of great dif-
ferences in development between the erops.
The sorghum/millet intercropping literature
shows experiments with great temporal differ-

cropped a very carly maturing millet with a
much later maturing sorghum and found yield
increases, depending on the spaual arrange-
ment, of up to 50 Y. Kassas and StockiNGer
(1973) planted sorghum and millet on 15 May,
and harvested millet on 18 August and sor-
ghum on 14 November, Yield increases of
19 % were observed compared to sole sor-
ghum yields. Bakrk and Nokuan (1975),
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working in Nigeria, developed a quadratic
cquation, which indicated that intercrop yields
were higher than sole crop yields if the mat-
rity difference between crops was at least five
weeks. In 16 combinations with four mitlet
and four sorghum lines i India, Wiy and
Rao (1977) found the highest vield increwe of
32 % on a land equivalent ratio (LER) basis in
a combination with greatest emporal differ-
ence between crops, although there was no
correlaton between temporal difference and
vield over the experiment as a whole.

Leld increases because of intercropping can
be expiained by reduced competition between
plants, since maximum demands by the two
crops for growth factors occur av different
umes. However, large temporal differences in
devetopment allow onlv limited mechanization
(Axpriws 1972). When working with higher
levels of mechanization, onlv small differences
in maturity can be used, since both crops have
1o be planted and harvested at the same mes.

Since both sorghum and miller are excellent
feedgrains and could be harvested wgether, the
purposes of this study were to find out:

(it relatively small differences in develop-
ment of sorghum and pearl millet would
result in vield increases, and

(2) how different moistare supplies and differ-
ent planting patterns would influence com-
petition and, as a result, grains yields.

Materials and Methods

Three sorghum hybrids, early (ACCO  1014),
medium (Pioneer $324), and late (DeKalb F67) were
planted in sele stands and intercropped as within-
row mixtures and inalernate rows with pear] milla
hebrid 21539 % 7024 developed by W D, Stegmuier,
Fort Hays Branch Experiment Station, Havs, Kan-
sas. These sorghum hvbrids were high vielding and
dittered not more than 18 ¢ in-height from pearl
millet, The millet hvbrid was about the same matu-
riy s ACCO 1214, Howered about | week before

Table 1. Sorghum hybrid and intercropping svstam effects on sorghum and millet grain vields, Manhattan,

rrigated, 1982

Cropping

Sorghum hyvbrid

svstem Early Medium Lawe

Sorghum, kg 3.5 ha
sole stand 3022 3212 2785
alternate towsy 2244 3419 3266
within-row mixtures 2011 3487 3065
LSD (.05) 340

Sorghum, LER
sole stand .500 0.500 .500
alternate rows .39 0.536 .620
within-row mixtures 334 0.545 .603
L.SD (0.5) 0.096

Sorghum, gshead
sole stand . 35.5 388 35.6
alternate rows 32,0 19.0 47.6
within-row mixtures 27.5 45,5 439
LSD (.35) 7.7

Millet, kg/0.5 ha
alternate rows 2014 1802 1863
within-row mistures 2272 1666 1503
LSD (.05} 112
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Pioneer 8324 and about 2 weeks before DeKalb Fo7.
The study ummmcd the tollowing treauments repli-
cated four umes

Sorghum Pearbmillet Cropping svstem
1. Early - sole stand

2. Medium —_ sole stand

3. Late — sole stand

4 Early 2159 x 7024 alternate rows

5. Medium 2159 x 7024 alternate rows

6. Latwe 2159 % 7024 alternate rows

7. Earlv 2159 < 7024 within-row mixture
8 Medium 2159 % 7024 within-row mixture
9. Late 2159 < 7024 within-row mixture
10, — 2159 0 7024 sale stand

Hybridy were planted on 28 Mav, 1980
Ashland experiment field near Manhattan, Kansas,
ona Eudora silt Joam (Fuvenue FHapludoll, Goarse-
Siltey Mised, Mesicrzon 29 Mav, 1988 at the Sandy -
land Experiment Field ae st John, Kansas on a Prau
foamy tine sand (Psammentic Haplustalt, Sandv,
Mixed, Thernueis and on 3 June, 1982 at the Garden
City Branch Experiment Staton an a Keith silt foam
(Ardic Argiustoll, Finesilie: Mised, Mesien A
Manhatan, 2 devland and an irvgaied stedv were
planted. Furrow irigavon was anplicd 1o the Latrer
weekly from the second weel of July 1o maturine, A
row width of 76 emy was wsed tor alb plantings, Fach
plot consisted of cight rows, 13 m Tong ar Manhattan
S mong. at St John and Garden

Phint populations were 132,232 plants ha
fohn and

and ot six rows,
City,
Manhatan and 75,222 plants ha

Vv

Garden City. The ratio between sorghum and milla
plants in mtercrops was 1.1,

Weeds were controlled ar Manhatan by
emerpence application of 2.2 ky propazine b at st
John mechanically, and at Garden Cite mechanically
and with 24-D e 6 weeks after the crop had

pre

emerged. Harvested row length was 3 m of cach of

on l]u'

the four center rows at Manhattan and 4.5 m of each
of the two center rows at St. John and Garden City.
Basic plot data were converted separately for each
crop into kg/0.5 ha or kg/ha and adjusted to 12.5 %
maisture. Grain vields were caleulated further on the
basis of Land Equivalemt Ratio (LER) with the

hnmuh
N

where v, is the vield of the component in the inter-
crop on one unit area and v, is the vield of the same
crop on the same area in a sole stand.

Yield components, heads ‘ha, head weight, seeds/
head, and seed weight were determined. All compu-
tations were carried out with the statstical package
SAS (Bakk et al. 1979).

Results

Gram yvields and vield components of sorghum
Manhattan under irrigation are
ables 1and 20 Grain vields, aver-
aged over cropping systems, were highest from

arown  at
shown in

the medium hybrid as a result of highest secd
number‘head. Low seed numbers/head for the
carlv and Late maturing hybrids were partially
compensated  for by higher weight
{'Table 2). On an LIER basts, the medium and
e maturity hybrids did not differ signifi-
cantly. The carly hybrid had  significanty
higher vields in sole stands than in both inter-
cropping treatments, vields of the late hybrid
were higher i alternate rows than in sole
stands, and the medium hybrid vielded equally
in both intercropping weatments.

Millet intereropped with the carly sorghum
hybrid vielded significantly more than when
mtereropped with either the medium or late

seed

Table 2. Sorghum hybrid ettects on miller vield (LER and millet and sorghum vield components, Manhattan,

rigated, 1982

Sorghum hvbrid

Yield

mmpnncm Early Medium Lawe
Mille \lcld (l,l",l() S71a A64 b A49 b
Miller head no. (th.5 ha) 148.9 a 126.9 b 1231 b
Millet seed wt. (/1000) 12.1a 1.6 b 11.3b
Sorghunm seed head 1389 ¢ 2241 1848 b
Sorghum seed wr. (1/1003) 20.0a 17.7 b 20.3

Means followed l»\ the same letter in a row are not significantly ditferent (I = 0.05)
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Table 3. Total grain yields (sorghum + millet), Manhattan, irrigated, 1980

Hybrid Yield, kg/ha Cropping system Yield, kg/ha
Early 1862 b sole stand-seghum 6012 a
Medium 5399 a alternate rows 1869 b
Late 5089 b within-row mixtures 1668 b
Millet 3753 sole stand-millet 3753

Means followed by the same letter in a column are not significamly different (I = 0.05)

hybrid (Table 2). This was due wo significantly
higher head numbers and 160C-sced weights,
Millet grain vields were higher in within-row

vield components were not significantly influ-
enced by cropping systems or sorghums used
for intercropping,.

mixtures than in alternate rows when inter-

cropped with the carly sorghum hybrid, and

hi.ghcr in alternate rows when intercropped ST
with  cither fate hyvbrids ]
(Table 1).

Total grain vields of treatments (kyha) at
Manhatan under irrigation (Table 3) showed
the much higher vield level of pure sorghum as
compared o millet, and vidlds ol the inter-
cropping treatments close o the arithmetic
mean of the two species.

Moisture conditions on the study without
irrigation at Manhactan were influenced mainly
by mid-summer drought, beginning 1 week
before flowering of the carly sorghum hybrid
and nullet and contnuing for 3 w 4 weceks
thereafrer (Fig. 1).

Sorghum grain vields (LER and absolute) 1 A/ l "

the medium  or

40 \
|/ VN

304

20] [
/\ \\/\\

Ten.perature {*C} and Precipitation {mm)

L

95 230 265
Julian days

and most of the vield components were

consistently higher in sole stands o sorghums 0,25 60

with all three hybrids (Table 4y, However,
1000-sced weights of the late hybrid increased
in intercropping treatments. Miller vields and

Fig. 1. Manhauan  precipitation  (bar  graph),

minimum and maximum temperature

Table 4. Sorghum vield and vield components atfected by intercropping svstem, Manhattan, dryland, 1980

Cropping svstem

Yield Sole Alternate Within row
component crop row misture
Sorghum vield (kg5 ha) 1846 a 1017 h 933 b
Sorgham vield (LER) 502 28 b 27b
Sorghum vield (g head) 2592 19.5b 17.2h
Sorghum, head no. (th/.5 ha) 71.8 a 19.5b 543 b
Sorghum, sced/head 1303 a 897 b 847 b
Early 17.8 be 17.9 be 14.0d
Medium 16.5 ¢ 18.82a 19.3 ab
Late 17.6 be 204 208a

Means followed by the same leter in 1 row are not significanty different (P = 0.05)
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Tortal grain yields of sole sorghum at Man-
hattan wichout irrigation were about twice as
high than those of mixtures (Table 8). Sole
stands of millet did not differ significany
from mixtures.

Table 5. Total grain vields (kghay, Manhattan, dry
land, 1980

Yield, kg ha

Cropping sysiem

Sole stand-sorghum 36912
Alternate rows 1838 b
Within-row mintures 1824 1
Sole stand-millet 1464

Means tollowed by the same letter are not signifi-
cantly different (P - 2,253

AUSt John, sorghum grain vields (kg5 hay
were significantly higher o sole stands
(Table 6), tollowed by within row mixtures
and alternate
observed tor head numbers and 1226 vead
weights, Treatments with the medium and Jate

rows, The same order was

Tabke o, Sorghum grain vields (he 5 has and vield components, St Johe, 1982

Head no.
.5 hay

Corn
vield .5 ha
{hey  (LER;

Hybrd and
planting
pattern

Hvbrid

ACCO 1814 443 b C.38 38,7120
Preneer 8324 801 a 43 ISAY8 b
DeRalb Fo7 Y3Ca 0.39 39,25C h

Pattern

Sole stand 917 a C.5¢ 47,948 0
Alternate rows 556 1y ..y 42,621 b
Within-rew nisture ZHbab o L3y 45,991 ab

sorghums produced significantly higher grain
vields than the carly, mainly as a result of
highest sced numbers/head. The early sor-
ghum, in contrast, developed significantly
more heads than cither of the other sorghums.
Millet grain vields at St John did not differ
significanty between cropping svstems nor
between sorghum hybrids with which they
were intercropped, as was the case at Manhat-
tn on dryland. Toul grain vields of weat-
ments showed the same trend as sorghum
vields (Table 7).

At Garden City, sorghum grain vields and
vield components did not depend on cropping
sostems. Farlvand medium sorghums had sig-
nificanthy higher grain vields than the late
hybrid, mami: because of higher head num-
bers and better seed set (Table 8). Grain vields
onan LER basts were signitivantly higher from
the carly than from cither medium or late
sorghums, as 4 result of poor seed set espe-
cilv i alternate rows with the hater ones,
Millet, onthe other hand, developed signifi-
canthy more heads in alwerate rows than in
within-row mixtures, however, this did not

Grain Seed
vield head weight
head (2 £/10C0
78 b 510 24,1
0.5 767 a 23.4
24.1a 864 a 24.0
21.1 701 26.2a
[3.8 528
18.3 729 228 b

Means tollowed by the same letter in 2 column are not signiticantlv different (" = £.05)

Table 7. Fowal grain vields, St John, 1982

Hybrid

Yield, kg ha Planting patiern Yield, kyha
ACCO 1014 sole stand - sorghum 1815 a
Piencer 8324 1628 2 aternate rows 1317 b
DeKalb Fo7 1852 4 within row mixtures 1572 ab
sole stand - millet 1756

P

Means tollowed by the same Jetter ina column are

not signiticantly different (P = 0.05)

-
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Table 8. Sorghum grain vields (kg/.5 ha) and yield components, Garden City, 1980

Sorghum Grain yields.5 ha Head no. Grain vields Seeds/
hybrid (kg (LER) (.5 ha) head () head
ACCO 10:4 1022.04 C.63a 33,3640 33660 1409 a
Pioneer §324 92960 036 b 31,787 a4 351 1169 a
DeKalb o7 199.5h  g3sh 16,526 b 1.3 b 517 b

Means followed by the same fetter - a column are not significandy different (1 < 9.0%)

Table 9. Towal grain vields, Garden Cuy

Yil"li‘

LER

Planting pattern

and hybrid kg ha

Sole stand sorghum 1466 a

Alternate rows 832 b

Within-row mixtures 933 b

Sole stand-mille 518

Earlv sorghum 1324 4 1.05a
Medium sorghum 1551 a 0.87ab
Late sorghum 482 b 2.69 b

m A column are

v

Means followed by the same feter
not signficantdy ditterent (!

influence grain vield of millet, which showed
no dependence on crapping svstems nor on
sorghum hvbrid intercropped.

Total grain vields were highest in sole stands
of sorghum. Intercrop vields did notc difter
stgnibicanty from sole millet vields (Table 9.

Discussion

Looking at he results of the irrigated studv in
Manhattan, where soil moisture was unlikely
to be Iimiting at any ume during growth, a

consistent picture develops of what has wken
place in terms of competition. When pearl
millet was intercropped with the early sor-
ghum, which had about the same life cycle,
millet appeared o show higher competitive-
ness. [t produced more titlers than when inter-
cropped with the other sorghums, reducing
tillering of sorghum and  occupying more
space. After tllering, the carly sorghum pre-
sumably was not able o produce or maintain
as many loral primordia in intercrops as in
sole stands, resulting in fewer seeds/head.
Reduced head bearing tillers and reduced seed
set resulted in Jower sorghum vields. Millet,
however, was able to inerease vield because of
beter tllering,

In muxtures with the medium and late sor-
ghums, millet could not produce as many
heads as with the carly sorghum, presumably
owing to the longer vegetative phase of sor-
chum. Sced set of the medivm and late sor-
ghums was not reduced by competivion with
millet. The lae sorghum had a longer period
during grain tilling free from millet competi-
ton, resulting in higher sorghum seed weights.
Consequently, vield inereases of the late sor-
ghum in competition with millet were highest,
supporting the hypothesis that vield increases

Table 1S, Climatic dara, St John and Garden Ciry, 1980

St John

Temperature
Celstus
Month Min. Max. Avyg.
May 10.8 253 18.1
June 18.5 RERY 26,7
July 223 39.8 31
August 20.6 30.1 8.3
September 153 33 233
October 0.6 23.7 15.2

Garden City

Precip. Temperawure Precip.
mm Celsius mim
Min, Muax. Avy,

50.3 7.8 213 14.6 145.0
12.7 5.8 3Ly 24.2 399
0.4 19.3 375 284 12.7
1199 17.5 330 253 711
40.0 12.2 28.5 204 0.1
2449 2.2 23.2 12.7 38
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relative to sole stands are a function of tempo-
ral differences between intercropped compo-
nents.

On drvland at Manhattan and St John,
nsercropping with pearl millet alwavs reduced
sorghum gramm vields. Owing to insutficient
moisture Table 12y,
increased and millet obviously was more com-
petiive.  However,
adversely aftecred tha
bringing intercrops o tie same vickd level as

Fig. 1 competition

sorghum  was more
millet was tavored,

millet alone, Onlv the lacs sorghum was able 1o
compensate somewhat for millet compention
during grain nlting, when miller was alreads
mature.

Whereas under irrigation. ditterent comypei
ton mechanisms assoctated with light wer
ception (e, wreater ullermyg of millet, and
longer vegetanve phase of medioim and - Lue
sorghumns resuluing inmereased seed set and
head numbers) plavoa roles competition tor
water and the igher competiiveness of peard
millet dommated under devland conditions,

In terms of absolute grain vields, sole son
ghum stnds were generallv more productive
than nullet orintercrops. But even onan LIR
basis, noevidence tor superiority of mixed
stands could be found wivan soil monsture was
mitng, Under viroaliv non-limiting sl
monture conditions, there was some mdica
ton  that

between the two crops can produce gran

mercasing - temporal diterences
vields greater than 1 onan TER basis, How
ever, sinee even approximately 12 davs ditter
cnee I‘c\-llhcd ill l‘cl.lll\\'l‘ slll.l” )’ik‘l\l illk'l't‘.l\t‘\.
the advantages o1 sorghum pearl millet inter:
crops appear to be himited when mechanized
1].11‘\'(‘\[ is to be ensured.

Zusammenfassing

Sorchum und Perlhirse mit unterschiedlicher
Entwicklungsdauer werden o Lindern der
Diritten Welt hiutig zur Friragssicheruny, und
ssteigerung gemischt angebaut, Fs st jedoch
ungeklirt, ob Mischanbau auch in weiter ent-
wickelten Produktonssystemen zu Ertrags:
steigerungen fuhren kann, da hier Enowick-
wngsunterschiede aufgrund der mechanisier-
ten Durchtithrung von Saat und Frote nur
begrenzt nutzbar sind.

Drei Sorghumhvbriden, die zwischen 90
(frithe Hybride) und 110 Tagen (spite Hybri-
de) zur Kornreife benotigten, wurden in Rein-
bestinden sowie vollstaindig und in alernieren-
den Rethen gemisehiomit einer Perlhirschybri-
de angebaut. Die Fravwicklungsdauer der Perl-
hirse, die ebentalls rein angebaut warde, war
mit derjenigen der foiihen Sorghumbybride
vergleichbar, Die Versuche wurden in Kansas/
USA an zwer Standorten ohme, an cinem wei-
teren Ort ohne und it Bewasserung angelegr.
Autgrund  des hoheren Froagsniveauns der
Sarghumhybrden waren dic Absolurerriage
der vemen Sorghumbestnde durchgingiy am
hochsten. Auch relativ cland equivalent ra-
ue™ s konnten keme Brtragssteigenmyen durch
Mischanban machgewiesen werden. Bel guter
Bodenteuchte (Bewasserimy) tendierten jedoch
die Mischvarianten mi der spaten Sorghumhy -
bride. deren Rorntullungsphase sich -2 Wo-
chen uber die der Perdhirse ersureckie, zu rela-
tiven Mehrertragen. Betknappem Wasserange-
bot war die Perlhirse konkureenzkriftiger als
diec Sorghumbyvbriden, deren Eetragseinbufien
Alerdings dic Friragsvorteile der Perlhirse
abertraten. Aus den Brgebnissen kann ge-
schlossen werden, dal Sorghum: Perthirse-Mi-
schungen nur ber ausreichender Bodenfeuchte
und ber Nutzung groferer Enuwicklungsunier-
schiede,als dies in den vorliegenden Versuchen
veschals Brivagsvorteile autweisen kénnen.
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