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Intercropping-and Rotationa'
 

Three new projects were initiated during the year.:The first
attempts to produce an 
intercropping package ty combining:resul'ts

from three successful mixtures. The mixtures ware:-cereals. only;
cereals and cotton; and cereals and cowpea. The object being to

develop 
 a five crop mixture, w th cereals and cotton soun"
t'ogether, and cowpea sown later as 
relay, that maximiseslland,.use
 
throughout the season,
 

The second new 
project is the very important.one of developing

fertiliser recommundations for use in mixtures..The argument being
that if the response by crops in 
a mixture, 
 is.not affected by

companion crops then recommendations can be based on a simple

pro-rata basis. However, first results show that maize in a
mixture with coupea yielded more than the sole crop at low levels

of nitrogen ( RYT 
- 0.83 ) compared with maize at higher levels 
of nitrogen ( RYT = 0.54 ), Thus, at high levels of fertility
 
there may be'less gain from mixing.
 

The third new project begun aims to 
asses fertility chantes
with time for a rotation of mixed crops compared uith a sole crop

rotation. All evidence points to mixtures yielding better than sole
 crops and thus, by definition, must remove more from the soil.
 



Thus a rotation of mied.crps may, require higher levels of:inouts 
if fertility is to'be"maintained.
 

One project has been gompletod within the year, that of
 
expqrlments uith the 'gicci 
 system of intercroppingj'Results
 
have shown clearly that the system has irreplaceable benefits
 
over sole cropping. In particular the value obtained from haviMg
 
a flexible souing date - population strategy more than.outueighe
 
recommendations for a high plant population 
which reqres a later
 
fixed date sowing.-The system has shown that over 40% greater
 
income can be;obtained compared with the respective sole crop
 
and the farmer has a greater element of choice in his strategy.
 
Further, there is evidence'of greater stability of return Over
 
a range of environments and seasons. Page 11 
lists the choicea
 
available to the farmer feoz gicci groundnuts. In some cases,
particularly uhere fertilised maize is used, returns are over
 
100% greater than those from sole groundnuts.
 

Other work, with cotton as the base crop, has shown that
 
intercropping cotton with maize and groundnuts was More profitable
 
than sole cotton, regardless of cotton.sowing date. An interestiny
 
result .fromwork with maize/coupes is that a.bigger advantage is
 
obtained from mixing if the plants are grouped in double stands
 
thanif sown at a more usual single plant spacing.
 

Finally, the sequence trial, reported 
on page .23, as shoun
 
that-yields which.have declined with time can 
be partially
 
recovered by careful use of fertiliser, although it was important,
 
to 
ensure a correct order of cropping. Particularly, sorghum should
 

always follow groundnjuts.
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GICLI INTERCROPPING
 

A well established system of farming by small farmers of the 

Northern Guinea Savannah zone is that known as 'gicci'. The system 

is one that arrives at a crop mixture in which one crop appears 

in widely spaced rows apparently at right angles to another.crop.
 

The essence of the system is that one crop is sown very early
s 
with tho first rain,'on small heaps in the previous year's furrows. 

These heaps are made by taking a clump of soil from a ridge, using 

the 'galma' hoe, and depositing the heap in the furrow. The first 

crop is then sown on these heaps. Thus, the system takes advantage 

of early rainyminimises cultivation effort, doubles the depth of 

water in the soil under the crop, and produces smallwatersheds 

since the heaps croostie at inteuvals along the furrows to make 

efficient use of early, erratic rainfall. Later, when the rains 

have established, the remainder of the ridges are split and a main 

crop sown aiong the ridge between the early crop. This system has 
been investigated in three phases during the period 1974'- 1979. 

The first phase, done at IARp has been to use groundnuts as 

the main crop in the system but with all crops sown at the 
same 

time.' Phase two consisted of a series of State trials designed to 

confirm results over a range of environements. Finallygat IAR, 

the 'owing date element of the system was investigated, together 

with the use of alternative main crops to groundnut. In these 

experiments the effects of both nitrogenous and phosphate fertilisem 

was investigated, as was whether the fertiliser should be applied 

to the early, minor, crop, or to .the laterp major, crop, or to both. 

Results from the first phase showed clearly that not only wus 

the system ,capable of giving greatercash returns than equivalent 

sole crops, but that even greater returns could beobtained when 

the.minor crop uas spaced closer than normal farmers' sowing, 

and that maize was a more profitable crop in the system than sorghunp. 

These results are given in Table H.I/1. State trials of the,second 

phase showed that gross cash returns from the system were never 

lsis than those from sole groundnuts, whilst, in many cases, gross 

cash raturns were considerably higher than from the sole crop. 

Of considerable Interest was that stability of return, ireasured 

by a regression technique, over years and environements was greater 



for mixtures than. f 2.sole groundnuts in the Nprthern Guinea.
 
Savannah, .. .
here this particu lai.'-nropping system. ¢e .de2,.oa 

practised. There was no di ?eiereca'in stability.;b etwee .'
 
groundnut and mrixtu'rec In oitha 
 t,*3'. S.dat..Or'the South4ji
 
savannah. Near large towns, particularly in the Sudan z'i r-.6slbe
 
groundnuts wu more profitable Uan mixed groundnutd;*Tfis'wa'.due
 
entirely to 
the greater value of groundnut haulm frpm sole.
 
groundnuts. Results from these trials are given in 
 Table '.-I/2 

Table H.I/1
 
Mean ields over 
three years of groundnut (unshelled).

aze e a anda n um rain at 14b m.c. in ha
 

Treatm£nt. 
 GCnut Maize Millet Sargh N
Sole groundnut 
 :244.1 - . . -3
 
With maize ,at 1 3 m 19.57 1"1155 
 41.
 
With,maiza at 2.74m 
 2275, 622'- "  -400..
 
With millet at I,37m 
 :2259 : 1209"'' 
 536
 
With millet at 2.74m.-
 2042.: 643'- 407
 
With sorghum at 1.37m 
 1696 -  "1619 503
 
With-'orghum abt 2,74m 
 2180"  883 -411
 
It maize/jmlllet qt 1.37m :1989 421 874, -' 490t
 
mai.a/i.. .e.
qt 2.?4n 
 2180 ',3111' 362 
 , 409
 
ma~e/sor§ ..-, 
 ,i6;,, 
 W. 514  14 -452'
Itmaiza/sorghum, t 2.74m
[..V; k r: ... 2057 196 - 364 373•,.,;
thmillet/qrcu.ghpu at .1.37m 4851 
"-
 588 796 "A46
 

Iti .6il'let/sorghumat 2.?4m 
 '2241 343; 340 433!
 
" maize/millet/porghum at 1.37n 
 1914, 
 350 *838 515 '54,1
"'ma'6ze/mi1let/porghum at 2.74m 
 •1957 204 392 ' 213 411;
 

S.e. + 177.2
 
,: Six-selected treatments
.. ('marked .or •.,,
 

,, • '..) in..the .Table ab ve" 
were usedin.th-j. State trials of phase two of': he programme. That"
t.reatment marked . Hide Ppace millet and,,sorg-um. 'uas used'as
 

the 'standard1.farrpes,.practice. Stebity, f,.f:.return 
uas measured
by regressing thefvalue of iatldr'feraentsndi 
 ,,t. " a
 

sole crap groundnut.yield for eaCh location'in each. . ':Thus
sole' crop groundnut yie-d 'was used 'as an" idex.o ". e nionient..
 
1i the slope of.. the. regrssaion 'line 
 )' dQe%bngt "dif'fo''frd"i' 
tihat 'the s,9 .ofrrp then-stability of return.'iAs.the same; if'the
 
slope is- lebb., ,then".... fty 
 graater, . and v.ice-versa. 
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'Table H./2
 

Mean value in Nora(b) ror sole groundnuta and groundnuts mixed
 
UwtI cereale Including value or cereal. All -rIce being thoes
 
prevaiing at harvest. or each crop, 

Location -Year Sole Mi/S Ma Ma/Mi 	 Ma/S Ma/Mi/S Se.± 

Daurs 76 180.5 176.1 .171.2 _199.6 159.4 169.5 33.7
 

T/R'fare 77 186.1 341.2' 149.4 437.2' 150.9 343.6' 51.3
 

K/Namoda 708:161.3 .133.3 354.8' 240.4' 195.9' 200.4' 26,1
 

Kafinsoll. 76 253.2: 
 233.6 212.5 230.0 207.2 226.3 50.8
 

Bateari 76' 61.5' 95.6; 65.9' 85.6 107.4' 115.7' 23.1
 

Batsari 78? 35.9 '36.6' 36.6 55.7' 49,1 39.6 11.5
 

Gusau '76 380.9 368.2 535.2' : 456.0 488.3 461.8 1101.3
 

Guarzo 78 76.5 131.7''260.31 184.6' 	 166.1' 189.3' 44.4
 

Mean Sudan 167.0 1,89.5 223.2 236.1 	 190.7 , 18.3 

%Gain* 	 13.5 , 33,6 41.4 14.2 30.7 

b 	 0.17 0.16 0.19 0.17 0.18 0.17 

S.B.Guari,. 76. , 123..1 :141.6 107.0 112.1 	 121.9 .135.3 27.2 

387.9' 324.61 49.45.B.Guari. 77 146.3 -320.0' 255.4' 257.4' 


Saminaka 76 220.6 205.3 ,221.1 202.1 229.5 213.6 61.8
 

320.8' 346.7' 65.A
Saminaka 	 77 217.7 255.8 298.7' 208.2 


Saminaka 	 78 124.8 . 212.8 287.81' 
250.81 430.0' 344.7' 74.3
 

Mean N. Guinea 166.5 '227.1 234.0 206.1 	 299.6 273.0
 

%Gain 	 36.4 40.5 23,8 9.9 64.0 

b 	 0.18 0.05 0.10 0.02 -0.03 0.05 

Uaua 77 301.0 497.0' 503.2' 347.3 651.5' 458.1 80.2
 

Bide 76 194.7 187.4 214.6 262.7 318.0 367.3 128.9
 

Bida 77 95.2 118.0 170,0? 96.0 178.7' 147.3' 39.8
 

Keffi 	 76 467.3 . 432.9 522,6' 489.5 481.1 467,5 45.5 

.77 142.5 156.6 17O.4 169.1 176.2 164.3 28.7Mbatie 

252.7' 270.5' 44.6
Mbatie 	 78 196.8 264.3' 152.0 172.9 


276.0 256.3 343.0 312.5
Mean S. Guinea 232.6 288.8 


10.0 	 34.2
%Gain 	 18.5 24.0 47.3 

b 	 0.17 0.16 0.21 0.18 0.18 0.15
 

http:131.7''260.31
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There was no difference between regression coefficients (b)


in either the Sudan zone, or.!btween''thos in the Southern Guinea
 
savannah, -1°ndicarin9 
that: in thase, areas sole .orqp'groun
 
was.as.stable in-return as .ehe.iqiXtu, es.Houvert.in th& Northern
 
Guniea savannah, where this particular cropping system is most
 
widely'pjactlaed',all coefficients for mixtures were very much
 
smaller than that. for 
 sole groundnut. ThW is ao indicbtion that 
the 	system may be more stable i this area, 

In Phase 3 of,these experimerots sou~og:,.:date pas incprporated
 
ap a variable, as uas 
also ths-e etct o, fertilisers to.either.
 
cereals or groundnuts or both.jSowing date, particularly of cereals.,
 

:i"•a very .important comppnent of.the 'g.i
cci syp.tem; it lis this
which allows the..farmer, fexibiA1ity and.,gies him 
the capability 
to modity his cropping ,sr,-ogV appordlng to season and other 
'constraints. It is important-*to-realise thdtsuch flexibility
is not available to a sole crop ?armer following, particularly,
 
spacing tecommndatona.'Because of the high plant populations
 
usually recommended a is.unable tptarqcrou.until rains ra.....reliable, thus should there be'"a dry spell'atter'sowing"he may

lose his.,crop.'.SoUing a lou populdtion"at -ntervald early means
 
.that those crops are better established, rquire'less water, and 
would survive."" 

The.experinents coiSsisted 6f..'12 'systems','listed below: 
Three'sowing dates for cereals; groundnutss.Qwn at the..lastdate no fertiliser to eithei crop.
 

2. 	As above, but ground6uts sown.2 ueeks later.
 
3. 	As 1.abovep 6ut.supeiphpsphai.fer.tliserapplied to.
 

groundnuts.
 
4.. As 3, but groundnuts sown 2.weeks later;
 
5. 	As 1 above# but nitrogen fer~iliser.applied to cereals at


sowing of cereals. "
 
6,. 	 As above, but groundnuts sown 2 weeks later'.
 
7. 	As 1, but superphosphate applied t ,groundnuts and nitrogen


to cereals. 	 lied ,
 
8. 	As ?, but groundnuts sown 2 weeks later.
 
9. 	As 1, BUT maize sown in place,of groundnuts; no fertiliaer
 

applied.
 
10. 	 As."9, but nitroqen.'applied to all cereals .'owing. 
11. 	As 1, BUT sorghum sown in place of groundnuts and at the

second sowing date; no fertiliser. 
12. 	As 11, but nitrogen applied to all cereals at sowing.
 

http:es.Houvert.in


Results are given in the following Tables.
 

Syte i i ui
 

..Treatment . ....... Cereal euing date
 

2 3
 

Yield N Yield N Yield N
 

Sole Groundnut 
 1102 319.6
 

Maize 
 226 761 '719 215.7 Nil -

Groundnut 892 258.7 883 
 256.1 744 215,8.

TOTAL 
 337.8 471,8 215,8.

GAIN 
 18.2 152.2 -103.8
 

Millet 
 8 2.8 5' 1.8 Nil -
Groundnut 514 1032
14U.1, .299,3 1031 .299.0
 
TOTAL-. 
 .151.9 301.1 .._299.0.

GAIN .167,7 -"18.5 - 20:6 

Sorghum 798 1225
319.2 490.0 165 . 56,0
Groundnut 602 174.6 516 -149.6 938 ._272,0

TOTAL 
 493.8 .639,6. . . 338.0
 
GAIN, ,174.2 320.0 18.4
 

System 2
 

Treatment Cereal souing date
 .. . 2 . 3. .. 

Yield- N Yield N Yield 
 #I 

Sole Groundnut-
 830 240.7
 

Maize 403 
 141.1 664 232.4 Nil -

Groundnut 751 531 654
217.8 154.0 189.7
 
TOTAL 358.9 386.4 
 189.7
 
GAIN 118.2 145.7 -151.0
 

Millet 
 5 1.8 4 1.4 Nil -
Groundnut 468 135.7 
 645 187.1 746 216.3
 
TOTAL 
 137.5 .188.5 216.3
 
GAIN -103.2 ' -152.2 - 24.4
 

Sorghum 820, :328.0 1912 .764.8 219 .87,6

Groundnut 350 101.5 304 
 88.2 595 172.6
 
TOTAL 429.5 
 873,0. 260,2.

GAIN .188.8 " 632.3, L,.19o5
 



6 
System 3(Mean results over 2 years
 

Treatment 
 Cereal souing date

1 2 3
 
Yield- ".. 
 .Yield N -Yield N
 

SoleGzroundnut-
 "1296 341;4"
 
Maize .296 -96.;6 346
.... 113;6 .52 15.8"
Groundnut 1067 
 281.1 1Q50 1160
304.6 336'4
TOTAL 
 378.3 418.3 352.2
GAIN  36A 
 76.9 
 10.8
 

Millet 141. 42,7 -262 79.0 
 26 7.6
Grounnut 
 887 235.5 9,4: 243.0 1177 310.8
TOTAL'-
 277.2 
 321.9 318.s

GAIN 
 - 64.2 - 191.5 '9
 

Sorghum 1532 143
439.2 496,6 706 234.4
Groundnut 
 416i 110.3 652. 172.4 
 929 246.4
TOTAL 
 549.5 669.0 480,8
GAIN. 
 208.f 327.6 
 '39.4"
 

('In"all Tables including more thamt'ohe yearts results the TOtAL
value May not correspond p the opm of..tha crap .va1ua...This.
becauie.-values'f'or 'each crop 'vary from year to year. The mean
Totals and Gains are based upon the mean of the values of each
 crop in each year, not the value of 
the mean yields).
 

System.4..
 

Treatment 
 Cereal sowing date'
 

Yield N N IN
Yield Yield. 


Sole groundnLt' 
 846 24S.e 3 

Mai4i 
 373 130.6 239.4
684 Nil -
Grouhdnut 
 578 167,6 536 155.4 748 
 216.9
TOTAL.. 
 298,2 394,8 216.9
GAIN.,... 52,.9 
 149.5 -,28,4;
 

Millet. 
 12 4.2 24- 8.4 Nil -
Groundnut 
 478 138.6 643 185.6 819 237.5
 
TOTAL. 
 142.8. 194-16 
 237.5

GAIN: 
 -102 
 - 50.4 .,7.0 
Soi*ghum 692- 276.8 1?Q1.. 480.4 388 155: 2.
Groundnut 270' 78.3 287 
 83.2 497 144.1
TOTAL, 
 .355,1- 563.'6' 
....... 2993'
GAIN 109.8 318.3 54,0
 



System 5
 

Treatment ............. CeFeal powlng date
 
2 3
 

Yield Y,Yield ,N Yield
 

Sole Groundnut 
 1311', 380.2 

Maize 1092 , 382.2 1618 566.3 857 300.0
Groundnut 
 845 245.11 886.' 256.9,, 1100 319.*0

TOTAL' "" - 727.73 , 823.2 , 6190; 
GAIN . 347.1 .- 443.0 
 230,8,"
 

Millet 23 , 8.1 215, 
 75.3 Nil
Groundnut 1023 
 296.,. 762,.. 221.0 1059 '307.1
 
TOTAL 
 304.8 
 . 296.3 307.1..GAIN 
 . -75.4 c - 83,9 , 73'1. 

Sorghum 
 440 176.0 1424 ., 569.6 245 *.98.-.Groundnut 820, 237.8 
.400 116*0 930 t .269.'.' 
TOTAL- 413.8 .
 605.0 367,:?,,
 
UAIN 
 33.6 " 305.0
 

System 6
 

Treatment " 
 •.Cereal sowing dqte................
 
S'" 2 3


Yield N Yield 
 Yield N
 

Sole Groundnut ..
 1030, ,298..
 

Maize 1300 445.0 1950 682.5 719' 251.?
Groundnut 764.. 221.6 574 
 165.5 921 267,1

TOTAL, . , .676.6 .848.0 - 518.8 
GAIN- 377.9" '549.3 
 .1
 

Millet 
 6 2,1 238 83.3 Nil -Groundnut 7.84 227.4 6241 
 181.0 637 . 184.7TOTAL. ' 
.- 229.5' "64.3
 184.7,
GAIN . ' . - 69.2' 34.4 -114.0 

Sorghum 312 124.8-1890 756.0 
 549 219.6
Groundnut 536 184.4.; 21D ' .. ',O.9 590 171.1
TOTAL . 309.2 . '816.9 390,7GAIN *, .' 10,5'.. 518.2 92,0.. 
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System ( Mean results from 2 years 

Treatment 1 .Cereal sowing.:date T 3
 
2 3 

" Yield "; Yield N Yield #1 
.--. , . ..
.o .
 . 

5ola .Groundnut 
 3950580
39
 

Maize 904-' 29603 101q'. 34-19' 518 -.:207.0
 
Goundnut 1104' 294.2 1"106 294.4 1197 
 319.2
 
TOTAL, 592.5 
 636.6 .526.2"z
 
GAIN- 227.6 " 271.7 161.3 

Millet 218 63.0 295 90...o 14 ,
... 4.0
 
Groundnut .78.1 
 207.2 1 13,. 270.4 1296 "'345.8
 
TbTAL:. ,' 360.5
270.2 349.8
 

GA-N- - ' - 94.7 " 4,4 - 15.1
 

Sorghum 14,00; 464'2. 2232 921.9 1054 ,.;376.7
 
Gibundnut 
 0.pO" 190.8 674 182.9 1094 293.8
 
TOTAL.., 655.0 960.7
' 6705 
GAIN" 290.1 '" 595.8 
 305.6
 

System 8
 

Treatment - Cereal sowing date
 
,ie.. . <: 2 .
 3
YN Yield . Yipld #I 

Sole Groundnu t 840 243.6
 

Maize 1272 445.2 2392 837.2 553 193.6 
Groundnut 761 220.7 798 . 231.4 677 196.3 
TOTAL.. 665.9 1068.6 389.9'
 
GAIN'' 422.3 825.0 146..,
 

millet 18. 6.3 E3 29.1 Nil 
 "
 
Groundnut 606 175.7 59.8 
 173.4 731 212.0
 
TOTAL 
... 182.0 •. 202.5 212.0
 
GAIN. -61.6 
 -41.1 - 31.6 

Sorghum, 
 403'. 161.2 1835 734.0' 868 " 347.2
 
Groundnut 434. 125.9 350 
 101.5 553 160.4
 
TOTAL 
 7. 287.1 . 835.5 507.6 
GAIN. . 43.5 . 59.1 .... 264.0
 . ... '..
. . . .. ........ ... i.. . .. " "".. 




System 9: Maize sown in place of groundnut; no fertiliser.
 

Treatment Cereal sowing-date
 
1 
 2 .3
 
-Yield N Yield N Yield N
 

Sole 'maize 
soun at last sowing date 404' 141.4 

Maize 208 72.8 152 53.2 
Maize 
TOTAL 
GAIN 

:360 
. 

126.0 
198.8 

57.4 

677 237,0 
290,2 
101.6 

I , 

Maize Nil - Nil - 650 227.5 
Millet 8 2.8 5 1.8 Nil -
TOTA. 
GAIN 

2.8 
-138.6 

1.8 
-139.6 

227,5 
86,1 

Maize 
Sorghum 
TOTAL 
GAIN 

Nil 
666 

-
266.4 
266.4 
125,0 

28 
1512 

9.8' 304 
604.8 250 
614.6 
473,2 

106,4 
100,0 
20604 
65,0 

System 10: As above, but nitrogen applied to each cereal
 

Treatment Cereal sowing date
 
I 2 3
 
Yield N Yield 
 N Yield N
 

Sole maize sown at last sowing date .2661 931,4
 

Maize 2171 .59.9 2143 750.1
 
Maize 1549 542,2 1804 
 631.4
 
TOTAL. 1302.1 
 1381.5
 
GAIN .370.8 450.2
 

Maize . 1037 363.0 512 179.2 968 338,8

Millet 8 2,8 184 64.4 -Nil -
TOTAL 365,8 243,6 338.8
 
GAIN " -565.6 -687.8 -592,6
 

Maize 1217 426.0 1051 367,9 1631 
 570.9
 
Sorghum 258 103,2 1041 416.4 1527 
 210,8
 
TOTAL'.: 529,2 
 784,3 781.7
 
GAIN -402.2 
 -.- 147*1 -149.7
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System 11:o.orghum aoun in.,pJace 
o. groundnut; no fertiliser.,
 

Trea.tment ..... Ce~eel souing,!date

1 
 '2 
 3
 

-Yield U . Yield N ,Yield N 

S.4Q. og ghum.swn at 
second sowing date. 

. 
1697 

,. 

678.8 
. . 

Sorghum 
Maize 

1494' 
374 . 

597.6 
" 130.9 

1440 
118. 

576.0 ;1451 
41.3 Nil 

580.4 
-

TOTAL 7;j728.5 617.3 580.4 
GAINi 49.7 - 61.5 - 98.4 

Sorghum 
Millet 

512 . 
3 

204.8 
1.1 

838' 
'5 

335.2 
1.8 

1227 
Nil 

490.8, 
-

TOTAL. 
Q9IN 

• 
, 

205.9 
-472.9 

,. 337.0 
-341.8 

490.8 
-188.0 

Sorghtim 
Sorghum 
TOTAL 
GAIN 

521. 
480., 

208.4 
192.0 
400.4 

-278.4 

!1568 
26 

627.2, 
10.4, 

637.6 
-41.2 

System 12: as system 11, but nitrogen applied to all cereals.
 

Treatment Ceieal sowing date
 
.1 , '2 3 

Yield N Yield N Yield . 

Sole sorghum'sown at
 
second sowing'date. . 1999 799.6,
 

Sorghum 1670, 688.0 1742. 696.8 
 1727 690.8
 
Maize 1085 379.8 946, 331.1 48 16.8
 
TOTAL 1047.8 1027.9 707.6
 
GAIN 248.2 228.3 .,: 
 - 92.0 

Sorghum :1400. 560.0' 1244 497.6 
1655 662.0

Millet' Nil - 132 46.2 Nil -
TOTA.L 560.0 
 543.8 662.0
 
GAIN. 
 -239.6 -235.8, -137.6
 

Sorghum •1386." 554.4 
 1402 560.8
 
Sorghum 216 ,- " 86.4 
 68 27.2
 
TOTAL. 40.8 
 588.0
 
GAIN. -258.8 
 -211.6
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Results from the 1979 trial are not yet available. Table
 
H.I/4 below summ-risep the results listed in the tables above.
 

Table H.I/4
 
Gross returns in Naira per hectare of sole crop Pnd gains

From using-- egicc' system '
 

Treatment Fertiliser
 

0 P N NP
 

Sole Groupdnut(early) 320 341 380 395
 
+ maize sown D1. + 18 + 40 +347 +228
 
+ maize sown 02. +152 + 77 +443 +272 
+ maize sown D3. -104 + 11 +239 +161 
+millet sown D1. -168, - 64. - 75 - 95
 
+millet sown D2. - 18 - 20 - 84 - 4
 
+millet sown D3. 
 - 21 - 3 -'73 - 15
 

+sorghum sown D1. +174 +200 + 34. +290
 
+sorghum sown 02. +320 +305
+328 .+596
 
+sorghum sown 03. 
 + 18 +139 - 12 +306 

Sole Groundnut(late) 241 245 299 244
 
+maize sown D1., +118 + 53 +378 4422
 
+maize soun D2. +146 +150 +549 
 +825
 
4+naize sown D3. -151 
 - 28 +220 +146
 
+m~llot sown 01. -103 -102 
 - 69 - 62
 
+millet sown U2. -152 
 - 50 - 34 - 41
 
+millet sown D3. - 24 
 - 8 -114 - 32
 

+sorghum sown D1. +189 +110 + 10 + 44
 
+sorghum sown D2. +632 +318 +518 + 59
 
+sorghum sown D3. 
 + 20 + 54 .+ 92 -+264
 

Sole maize sown 03. 404 
 931
 
+maize sown D1. + 57 
 +371
 
+maize sown D2. +102 
 +45.0
 

+millet sown 01... -139 -566
 
+millet sown 02. 
 140 -688
 
+millet sown 03. 
 86 -593
 

+sorghum sown D1. +125 -402
 
+sorghum sown 02. +473 -147
 
+sorghum sown D3. + 65 
 -149
 

Sole sorghum sown D2 679 800
 
+maize sown D1. + 50 
 +248
 
+maize sown D2.: - 62 
 +228
 
+maize sown.D3. 
 - 98 - 92 
+millet sown D1. .--473 -240 
+millet sown D2 -342 -256.
 
+millet sown D3.. -188 
 -138'
 

+sorghum sown D1. -278 ' -259 
+sorghum sown D3. - 41 -212 
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There are certain preliminary inferences to be drawn from
 

Table: H.I/4:
 

Sole crop groundnut gave less gross return than either soli
 
maize or sorghum whether or,,not fertiliser was used.
 

2. 	 Sowing.giqi millet to either; early or.la ,e groundnute.with
 

or uithdut fertiliser, gave consistent losses compared'uith
 

s.... groundnuts. ,This was..because of excessive b.ird damoge
 

and, often, complete'loss'of millet grain. These trials were
 

sown at IAR up to 5 weeks earlier'than any other crop. Thust
 

'there'was no aIternatve source of grain for the birds. Tis
 
would not necessarily be so in farmers' fields. The consequence
 

was that grain could not.'compensate for groundnut loss due to
 

competition from millet vegetation.
 
3. 	 In the absence of nitrogen gicci sorghum gave considerable
 

gains over sole crop groundnut,:and was better than gicci"
 

maize. When nitrogen was applied to the cereals then the
 

situation was'reversed. Mean gain from maize was N30 and
 

from 'sorghum was 4224 in tle absence of nitrogen. When
 

nitrogen was used mean gain from maize ws N353 and from
 

sorghum was N209. Thus, if no nitrogen fertiliser is available
 

use sorghum; if.nitrogen. is available, use maize.
 

4. 	 Sowing either cereal very early,-oz at the same time as
 

groundnut, gave lower gains than a medium sowing. Sowing
 

early gave risk and stand loss due to variable moisture;
 

sowing late gave greater competition to groundnut. However,
 
sowing maize early may be best because of the potential for
 

harvesting green maize, and thus removing competition almost
 

entirely.
 

5. 	 In the absence of fertiliser sowing gicci sorghum in maize
 

gave gains over sole crop maize. However, when nitrogen was
 

used sowing either sorghum or millet gicci in maize caused
 

considerable losses.
 

6. 	 Unless nitrogen was used sowing any cereal gicci in sorghum
 

caused losses. When nitrogen was used, early and medium sow
 

gicci maize was beneficial.
 

7. 	 The most reliable system was to sow maize with.fertiliser
 

at the second sowing date, then the farmer has a choice of
 

four; intersowing with main ;rop groundnut, early or late,.
 

or intersowing with maize or sorghum, giving nitrogen to the
 

later sown cereals. These four systems consistently gave
 

gains over the sole crops.
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,Two new'series of experiments were started in 1979. The
 

first of these considered fe.tiliser responses and the s6il
 
fertility relationships of mixed cropping. For some'time questions
 
have boon asked as to whether repporise to-fertilisers is the same
 
in mixtures as 
in sole crops and the'object'of these trials is
 
to provide a basih for recommendations for fertiliser use in mixed
 
crops. The methodology is to compare-the fertiliser roaponse of
 
several defined.crop associations with the response of the'component
 
crop in monoculture. To assist in the interpretation ofthe yield'
 
results, detailed recordings of leaf cover are being made in the
 
field. Secondly, the project aims to compare the cost:benefit
 
of fertiliser in the two cropping systems. A third, and important#
 
aim is to find out whether crop mixtures improve, maintain, or
 
deplete soil fertility in comparision with a rotation of monocultures,
 

The first trial at Samaru is a detailed study of N, P and K
 
responses in a maize-sorghum-cowpua association. Monoculture yields
 
were greatly increased by nitrogen but in mixtures with sorghum
 
the response by maize was smaller, although the interactions were
 
not significant. Without nitrogen maize yielded 83% of that from
the sole crop, despite having half the number of plants. With
 
nitrogen maize yields were only slightly higher than the expected
 
50% of the sole crop. Early in the season leaf cover of the maize'
 
sorghum mixture was approximately equal to the mean monoculture
 
value, irrespective of nitrogen application. These results are
 
shown in Table H.I/5 below.
 

Table H.I5
 
Maize yields, sole and i n mixturein kg ha 1
 

Nitrogen applied(Kg ha7) 
 Nil 50 100 S.e.*
 

Sole maize 2567 3972 4896 389
 
Maize with sorghum 2123 2126 2748 194
 
Maize relative-yield 0.83 0.54 0.56
 

( Samaru 123 maize sown 5 June 1979; p;and K effects non-signif.). 
A second trial has fewer NPK treatments but involves three
 

associations: millet-sorghum-cowpea, maize-groundnut and
 
maize-cotton. Associations will follow in sequence on "
the sara
 
area over time, as will an equivalent monoculture rotation. Millet
 
yields were significantly increased ", nitrogen, millet in the
 
mixture giving a relative yield of 0.85 of the sole crop. However,
 
the vigorous millet crop competed strongly with both sorghum and
 
cowpea, which are not expected to yield well. 
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Somsru 123 maize had a poor monoculture,yield in the absance of
 
nitrogen, but responded well; the relative yield was high without
 
notrogen. Groundnut yields in the mixture ware-significantly
 

depressed by nitrogen ( applied only to rows of maize ) in-the
 
mixture - probably because of the more vigorous maize growth.
 
The maige-groundnut mixture only shound an advantage over the sole
 
crops ( relative,yield total greater than 1.0 ) when grown without 
nitrogen. Yields of TZE maize were low, especially in mixture with
 

cotton. Table H.I/6 gives yields and relative yield totals.
 

Table H.I/6
 

Yields and relative ield totals
 

"
Nrtrogen applied( Kg hq 1 ) Nil 60 S.e ± 
Yields in kg/ha grain.
 
Sole millet 1128 1576 193
 

Millet in sorghum 957 1358 96
 

Relative yield 0.85 0.86
 

sole maize 691 2244 138
 
Maize with.groundnut 550 1284 
 69
 

Relative yield 0.80 0.57
 

Sole groundnut 1272 
 47 
Groundnut with maize 630 487 33
 
Relative yield 0.50 0.38
 
Relative yield.total 1.30 0.95
 

Sole maize 887 !G62 137
 
Maize with cotton 372 908 69
 

Relative yield 0.42 0.55
 

Ex Bornu millet sown 5 June 1979; Samaru 123 maize, in mixture
 
with groundnut, sown 4 June; TZE maize, in mixture with cotton,
 
soun 4 June; Samaru 38 groundnut sown 12 June. No nitrogen was
 
applied to sole groundnut, and only to maize rows in the mixturo.
 
P and K effects were not significant for any crop).
 

Early in the season millet-sorghum mixtures had greater leaf
 
cover than mean monoculture value, irrespective of fertiliser.
 
Thus, the mixture was more efficient at intercepting light.
 

Yield results so far indicate that the competitive relations
 

of crops, in mixtures may be altered by nitrogen application and
 
these interactions mru'st be understood before recommendations can
 
be confidently made for mixtures. It is intended to extend this
 

work to other locations in, 1980.
 



15 

Experimcnta aimed at comparing the performance of a cereal
,cowpea.mixture uith the two crops grown sole wore begun in 1977.
 
Two sqrghum varieties (HP3p short, and early maturing; YG5?60,.
 
tall and late maturing ) uere grown sole and intercropped L"
 
with two coupea varioies of different plant.type ( 2479, a
 
spreading typo, and both 341 and 29, semi-erect types). 5orghum
 
was sown on the two innor.ridgeain each plot, whilst cowpea 
was
 
sown on 
the out ridges. Half the 'experimental area was sprayed
 
with Vetox 85 against insect pests, pest control was not done
 
on the other half. Yield results are given in Table H.I/7.
 

Table-H. I/7 
Sorghum grain yields when grown sole ad when mixed with coupes.
 

Sorghum variety' 
---YG5760_ ' HP3 Mean
 

Sole 
 2336 
 1238 .1787
 
Mixed.with cowpea 2479 
 3180 1626 2403
Mixed with coupea'341 2581 1545 2063
Mixed with coupea 29 2658
3350 ,1594 

Mean 
 286.2 1594 2228
 

YG5760 significantly outyielded HP3 whether grown sole or mixed.
 
Though grain differences between mixed and son1 
 qorghum appeared
 
large they were not significantly different.
 

Table H.I/8 gives similar yields for coupea varieties.
 

Tabl6 H.I/B
 
Coupes yields when 
Town sole and when .nixed with sorghum

andrelative yeld totatIs---


Coupea variety
 
Sprayed 2479 341 29 Me~n
 
Sole 1014 1590 978 1194
 
Mixid with sorghum HP3 1499 1827 
 1169 1498
 
Relative yield total 
 1.40 1.19 1.24
 
Mixed with sorghum.YG

5760 
 1827 1115 
 1371. 1438
Relative yield total 
 1.58 0.90 
 1.34
 
Mean 
 1447 1511 1173 
 1377
 

Only when YG5760 was 
mixed with coupes variety 341 was'there 
a loss due to mixing; this mixture producing a relative yield 
total of 0.90 ( that is 0.90 heactare of sole crop would produce 
the sametotal yield'as 1.0 hectare of the mixture ) 

http:sorghum.YG
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Table H.I/9 gives similar results'for cowpea under unsprayed 

conditions, 

Table H.1/9 
Coupea yields when groun sole'and mixed with sorghum under 
unsprayec conditions and relatiye yeld totals. -

Coupes variety
 
Unspd 2479 29
341 Mean
 
Sole 
 539 .676 649. 621
 
Mixed with borghum HP3 1115 658
548 774
 
Relative yield total 
 1.69 1.03 1.15.
 
Mixed with sorghum

YG 5760" 
 914 566 420 633
 
Relative yield total .1.53 0,97 1.04
 
Mean 856 597 576 676
 

Relative yield totals followed the same pattern whether the 
cowpea was sprayed or not. There was a slight indication that
 
RYT increased under unsprayed conditions with the local cowpea
 
variety 2479.
 

Further experiments uere initiated in 1978 to compare the
 
efficiencies of superimposed mixtures with those in which one
 
component replaces another. For example, 
one row coupea and
 
one row cotton would be a replacement mixture, whereas two 
rows
 
cotton, each undersoun with ond row of'cowpea would be a
 
superimposed mixtur3. In these trials maize, millet and groundnut
 
sown sole in early June had cotton superimposed under each crop
 
in June and July'
 

Results are given in Tables H.I/10 and H.I/11.
 
Millet yiolds.were low because of 
heavy rains at flowering,
 
causing pollen wash and downy mildew, and later rain which caused
 
heavy lodging at the pre-heading stage.'Yields of June soun cotton
 
was significantly reduced by all intercropping treatments except
 
-superimposed groundnut. Groundnut and maize yields were-reduced
 
by cotton. The maize-cotton association gave the highest return,
 
followed closely by cotton-groundnut.
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Table H.I/10
 
Yields o-r various crops as affected by June soun cotton .
 

croinansowng pattern. 

Treatment Cotton Mlillet-.G'nut Maize ..Gross
 
'kernel income(C)
 

Sole'Cotton 1483 . 519: 
" Mil'let 229.' .82""Groundnut 1511 90?',
 

" Maize "4052, 1135
 

Cotton+lillet(Sub) 635 275 .321 
Cotton+Millet(Sup) 606 336 351 
Cotton+Millet(SupPR) 394 229 220 
Cotton+G'nut(Sub) 1067 893 9
 
Cotton+G'nut Sup) .1471.- 847 . . 1023
 
Cotton+G'nut(SupPR) 1046 618 737
 
Cotton+Maize(SupPR) 767 . 3503 1252
 
S0 . 119.2 44.3 104.9 147.8
 

(Sub - substitution; SP = superimposed on same ridge; SupPR -
Superimposed in paired rows. Cotton 0 35k/Kg;'Millet S 36k,/KG-
Maize 0 28k/Kg.; Groundnut 0 60k/Kg.) 

Tablo H.I/11 
Yields of various srops as affected by July sown cotton
 
intercropping and sowin pattern.
 

Treatment . Cotton Millet G'nut Maize* ;Grosa 
kernel income(N) 

Sole cotton 1757 615 
" millet 298 107 

groundnut 1328 797 
" maize 4279 1198 

Cotton+Millet (Sub) 
Cotton+Millet (Sup) 

601 
291 

229 
275 

.293 
201 

Cotton+Millet SupPR) 500 252 266 
Cotton+Gtnut (Sub) 796 1351 797 
Cotton+GCnut (Sup) 749 1305 1089. 
Cotton+G'nut(SupPR) 823: 1099 947. 
Cotton+Maize(SupPR) 521 4258 1374 

5.e. 108.5 60.2 172.7 106.2 

Yields of cotton .!era reduced by all crops, particularly 
by millet when cotton was superimposed;.there was little 
difference between-the patterns of intercropping.;Table'H.I/12 
gives yields of cotton as they were affected by different crops 

and patterns. 
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AleH.IZ12
 

ou and 3 scoun cotton as affected by in oreoa
 

Treutment 
 June sown 


Sole Cotton 


J.. July sown Mean'
 

1483 
 1757 1620.
 
Cotton+Rillet(Sub) 
 635 601 618
Cctton.illet(Sup) 626 291 
 458

Cotton+Millet(SupPR) 
 394 500 
 447
 
Cotton+Groundnut(Sub) 
 1067 796 932

Cotton+Groundnut(Sup) 1471 .749 
 1110.

Cotton+Groundnut(SupPR) 
 1046 1823 
 934
 
Cotton+Ma'ize(SupPR) 
 767 521 
 644
 
Mean 
 936 755 

Sole crop July.sown cotton outyislded'Juno sown siole cottono
 
However, July soun cotton intercropped yielded less than
 
intercroppedJune sown cotton. This was 
 a simple:'effect of comptitici 
froft established crops when cotton was sown a month'after them,
 
in July. Groundnut showed to be the crop most compatible crop
 
for intercropping with cotton.
 

Table H.I/13 gives yieldp of the other.crops as affected.by' 
cotton sowing date. 

Table H.11.
 
Yiolds of millet, groundnut.and maize as affected by cottons.date.
 

Treatment. 
 'June 'sown jul sown Mean 

Sole Millet 
 263
 
+Cotton(Sub) 275 229 
 252
 
+Cotton(Sup) 336 
 275 321
 
+Cotton(SupPR) 229 252 
 240
 
Mean 
 275 263
 

Sole Groundnut 
 1419
 
+Cotton (Sub) !
 893 1351 1122

+Cotton (Sup) 
 847 1305 1076

+Cotton(SupPR) 618 
 1099 858
 
Mean 
 967 1271,
 
Sole maize 
 4167..,
 
+Cotton(SupPR) 3503 4270
 

Maize yields were significantly reduced by sowing at the
 
same time as cotton..:
 

http:affected.by
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Conclusions.from thia experiment are'summarised belou.
 
1, Intercropping cotton.uith groundnut and maize was more
 

profitable than sole cotton,,regardless of cotton sowing,
 
date.
 

2. 	 .Cotton and'groundnut showed to'be the most compatible mixturet
 
giving a land equivalent ratio of 1.50.
 

3... At prevailing market prices the most profitable mixture uas
 
cotton'and maize.
 

In the preceding experiments attempts uere made to consider
 
the effect of interrou pattern upon response to intercropping.
 

In the following work the effects of intrarou pattern were
 

investigated.
 

There were two series, one involving sorghum and coupea
 
the other maize and coupea. The effects of grouping on yield'
 
in mixtures was studied by alternating groups of one, tuo or
 
three plants of each crop along the row. Spacings used were
 
double and triple that used for single plants, thus plant
 
population per unit area uas constant. Yield results 
are given
 
in Tables H.I/14 and H.I./15..
 

These studies have suggested that a recommendation for
 
single plan,, stands in mixtures may not be best for maximising
 
yield. Where sorghum-cowpea was concerned double plant stands
 
not only gave the highest total yield but also gave a good
 
contribution from each component, thus satisfying the farmers'
 
need.for variety. Similarly, in the maize cowpea mixture the
 
best total yield came from double plant stands. In this mixture
 
gross returns from the double plant stand arrangement uas N1061,
 
compared with W932 and N893 for single plant stands and triple
 
plant stands respectively. The same patter emerged from the
 
trial at Mokwa, although yields were lower than those at Samaru.
 
Further, whilst there uas no difference in yield of sorghum
 

due to plant arrangement, yield of coupea was almost doubled
 
when multiple plant stands were used compared with single plant
 
stands. Cowpea also yielded more when mixed with maize than when
 
mixed with sorghum, probably because of the less dense canopy
 
compared with sorghum, and because the two crops *iere in
 
competition for a shorter period.
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Table H.-1/14
 

Yields and gross cash returns 'rom a sorghum-coupe mixture
 

Treatment 7 amaru e " , ok 
Sorghum Coupes N Sorghum Coupes N 

FFBL/Ife Broun
 
Single .3774 79 698' 
 3318 40 607
Double 3862 
 144 730 3206 92 599
Triple 3474 105 650 2879 96 541
 
FTBL/1e0,
 
Sihgle.. 3869 65 712, 
 3264 58 602
Double 4003. j128 
 752 3471 '99 649
Triple 3561 91 663 2919 76 543
 
SK5912/IfeB.
 
Single 4283 96 794 
 3'74 63 694.
Double 4252 
 184 809 3693 127 696

Triple 3670. 153 '2997
698 116 568
 
SK5912/180
 
Single .. 4019 87 
 744 3906 56 716
Double 4123 
 129 773 3862 91 714

Triple 3542 143 672 3301 93 616
 

FFBL.and SK5912 - sorghum varieties; Ife Broun and VarI180
 - coupes varieties. Marketing prices of N180 and N240,per.
tonne for sorghum and coupea respectively). 

TaLile H.I/15
 
Yields and gross cash retLrns from a maize-coupea mixture
 

Treatment 
 Samaru 
 Mokua
 
Maize' Coupea N Maize Coupes N
 

BL/Ife Broun
 
Single? 4802 520 4492
989 405 906'
Double 4732 900 1068 
 4316 673 939
Triple 4016 
 686 .888 4068 536 861 
BL/Var 180
 
Single 4439, 951 415
632 4372 887
Double 4528 1228 1110 
 4467 700 972

Triple ,4246 
 743 942 3886 608 846
 
.S123/Ife Brown
 
Single 3596 969 870 
 3585 '392 739
 
Double 3892 1342 .1023 3444 789 809
 
Triple 3667 896
982 3196 573 713
 
S123/Varl8O
 
Single 3621 1101 916 
 3462 500 743Double 3879 
 1429 1041 3257 819 783
Triple 3541 868 3085 707
845 632 


(.BL - Bomo Local maizep S123 - maize; maize * N180 per tonne). 
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The.maize-coupee association was also studied in another
 
experimentwith 1.he aim to;find plant charactors compatible for'
 
mixing. Two vari~tios of maize were uaed;,Bomo;local, an improved

local variety of short stature ,(2m) andiearly maturing (90;days),
 
and 5123, a Samarucons.tructod composite ofthree maize linsa,
 
taller than Boma local and maturing 9fter 110 days. These were
 
mixed in all combinations with two cowpea varieties. These were'
 
Ife Broun and V1696. Both are,determinate and photosensitive, but
 
Ife Brown .issemi-erect uhilst .1696 is spreading and climbing,
 
this variety also matures later than Ife Brown.
 

Cowpos was sown as a superimposed mixture, being sown:thrae
 
weeks after maize and between plants of 
a full stand of. maize.
 
Table H.I,16 and H.I/17 gives the results.
 

Table H.I/16

Grain yield, gross return, and plant attributes of maize and cowpea
 

Treatment 
 Maize. Cowpea 
 Gross 100 -seed weight
 

return Maize Coupea

Sole Bomo local 3480 
 626 259
 

" Samaru 123 3913 704 235
 
Sole Ife Brown 
 1192 286 
 146
 

" V1696 986 237 
 189
 
BL/Ife Broun 3392 -582 751 
 283 147
BL/V1696 3046 613 695 278 
 173
$123/Ife Brown 3803 
 193 731 235 
 144
S123/1696 3756 
 505 797 229 
 175
 
(Maize 0 M180 and ccwpea 0 N240 per tonne. 100 soed weight is
 
weight in grammes of 100 seed).
 

Table H.I/17
 
Other attributes of maize and coupoa
 

Treatment 
 N2 grain Seed/ Pods/ Branches/ Lodging
 
m maize pod 2 2 
 % maize
 

cowpea. -opea Powpea 
Sole Bomo local 1864 ." Samaru 123 2469 1.0 

0.0
 
Sole Ife Brown 9.5 28.3 14.2
 

1110696. 
 5.7 17.5 9.4
 
BL/Ife Brnwn 
 1739' 8.1',* 11.4 10.3 1.3
BL/111696 1784 5.9 ,9.6 
 6.9 4.3
$123/Ife Brown 2372 3.2 
 4.0 1.2 
 .0.0.
$123/V1696 2261 5.1 9.8 5.8 
 2.2
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Samaru 123 outyieldedBomo local both'as'sole crop and'uhen
 

mixed.uith'coupea.:There uas 
no such difference from the couppa,
 
The higher yield from Samaru 123 uag attributed to a greater number
 
of grain per unit area.; there was'no difference in soed size.
 
Yields of both maize'varieties was only slightly reduced by mixing,
 
",Jt cowpoa yields uere considerably reduced. The local variety,
 
V),'q6 was not.affectod differently by the maize varieties, but
 
the yield of Ife Brown was much more reduced by the longer season
 
maiza
 i Samaru 123, than by 8omo local. There was an indication that
 
the climbing variety, V1696, increased lodging in both mazie
 
varieties.
 

One attribute of mixtures which has hitherto been given little
 
attention is the possible beneficial residual effect on succeeding
 
crops of legumes in legume-cereals mixtures. To investigate this
 
problem a trialuap begunin 1976 using sole maize grown sole,
 
with and uithout nitrogen,and .uith soybean or coupes also with
 
and without nitrogen. This trial was followed by sole maize only
 
in both 1977 and 1978. Results are given in Table H.I/18
 

Table H.I/18
 
Yields of coupes and soybean for 1976; maizoyields for 1976-78
 

Treatment . 1976 1977 -'1978 Total 
maize *ield. 

Sole maize 
Sole maize + nitrogeD 

2693 
3560. 

2108 
2308 

2476 
2540 

7277 '2426 
8408 2803-

Maize + soybean-
Maize + soybean + N 

2826 
3332 

2550 
2555 

2368' 
2628 

7744'.. 2581 
'8515 2838 

Maize + coupea 
Maize + coupea + N 

1813 
2816 

. 2362, 
.2231 

2550 
2420 

6725 
7467 

2242 
2489 

Sole soybean 1956 4365 2909 7274 3637 
Sole.cowpea .... 555 4069 2815 6884 34*42 

Results would appear to 
indicate that the effects.of nitro.gen
 
do not'extend beyond the year of application; that there was a
 
residual-effect from sole legumes which showed in the following
 
year only. Effects from the legume within the mixed crop are unclear,
 
this is because treatments were confounded with plant population.
 
Legumes constituted.one third, and maize two. 
thirds, of the total..
 
population.
 

http:effects.of
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.'.II ROTATIONS AND SEQUENCES
 

Two experiments are being carried out under this'head. The
 
first, which aims atidetermining the best sequence for growing

sorghump cotton and groundnuts,.and which started in 1972, completed

the first phase in 1975.'The results, given'in Table H.II/l 
 showed
 
that the best sequence in terms'of crop yield was groundnuts, sorghum
 
and cotton in.soccession."
 

Table H.-II/1'

Effects of cropping sequence on yields of sornhum, .btton,groundnuts.
 

Test crop 
 Year 	 After After ,Aftbr, LSD 0'
 
Sorghum Glnuts 
 Cotton 5%
 

Sorghum(Grain) 
 1973-74 2474 3564 
 2982 383 f

1974-75 1908 2625 
 2283 234
1975-76 
 1236 	 2070; 1886 280
Uith increased 1976-77 1463 2970 
 1850 287
fertiliser 
 1977-78 
 1482 2670. 2291 740
 

Groundnuts 
 1973-74 2292 1454 
 2181 260
(kernels) 
 1974-75 1344. .1201 
 1280 . 110
1975-76 529, 
 .400 584.. " 121
Uith increased 
 1976-77 1685 
 1492 	 1410. 118
fertiliser 
 1977-78 1352 1007 
 1170 198
 

Seed Cotton 
 1973-74 
 1586 1026': 1126'- 187
 
1974-75 933. 809-
 658 183

1975-76 850 
 479 	 503
Uith increased 1976-77 :1501 	 343


1725 -2053 446
fertiliser 
 1977-78 1355 
 1796 	 1485 
 '431
 

For the years 1973-76 fertiliser applied.to the crops

was nominal ( 10kg/ha P to all crops; 29kg/ha N to 
sorghum and
 
cotton in each year ). Results clearly showed a decline in yield

with time. For the years 1976-78 fertilisor rates 'were increased

( 20kg/ha P to all crops, 58 kg/ha N to sorghum arid cotton, 	and
 
500 kg/ha of agricultural lime ). The table shows that these;amounti,
 
of fertiliser uere sufficient to arrest the declining yields ,with

time and the second phase of this programme has boon designed to
 
investigate whether annual applications of 'fortilisercan be
 
replaced by heavier doses at.shorter intervals. Four levelsof,
 
phosphate were used ( 0, 50, 100 and*200kg/ha P ),applied,to
 
each of four cropping sequences. These are: Continuous cotton;

continuous groundnut; 
cotton alternating with groundnut; groundnut..

alternating with qotton. In 
the fifth year following these sequences
 
each plot.will be tested wi.th:maize.'
 

http:applied.to


Sub-Progogae H. III. Weed Control and T!illa&, 

As comon with., ther re s e arch programme s t amount of zonal field 

experimentation was severely limited by lack of ifdAs for-touring, transport 

an4 equJ meint.. 

Zonal testing of herbicides for weed,control,in p tiallymeochanised sole 

Otops continued for a eooond season. The detailed results are reported for the 

individual crops under the appropriate commodity crop committees. Certain 

general trends m-e now becoming clear., 

1:. -The profitability of pre-emergent herbicide use is gratly improved by 

thimrough seedbed preparation. This type of applioation cannot be used to 

compensate for bad traotor cultivations. 

2. -A single well-timed hoe weeding is usually very profitable in the presence 

of herbicide. 

3. ThoUgh pre-emergent herbicides may give profitable weed control without 

supplementary post-emergent weed control, it is already evident that latel, 

maturing weeds may build ,upand cause economic losses under the partially. 

meohanised system. This may well bethe reason for the rapid spread of 

Rottboellh. which has previously been an unimportant weed in the traditional 

hoe farming systems. • 

4. There is therefore ,a need for supplementary weed control techniques which 

will facilitate the control of late maturing weeds. This has already been 

effectively done for the animal power system with the development of high clearance 

straddle row cultivators at Samaru. (See section H. II/32.i of this report). 

5. It is however necessary to develop crop rotations which intfrupt the life 

cycle of.late maturing weeds of potential economic importance as an integral 

feature of weed control in the partially mechanised system and to investigate the 

possibility of full mechanisation with standard tractors in low growing crops lke 

groundnuts (see H '3/3 of the oilseeds research committee), 

6. Pending the availability of precision ground metered VLV sprayer prototypes, 

no major new projects were started in the hoe famming.system but it is probable 

that the handpulled 'punch' planters developed at IITA for zero-tillae crop 

residue mulch cultivation in the forest zone could be integrated into a 'stale 

seedbed' low energy cultivation system for hoe farmers in the savanna zorn woore 

tsetse infestation precluddsrthe ufe. ofranimaLipower. Applications comparing 

glyphosate with paraquat for zero-tillage crop establishment in 1979 indicate a 

very considerable technical advantage to glyphosate. 

Screening of herbicides for the maie/sorhum/yam mixture continued 'at 

Mokwa.
 

7. Testing of the synthetic strigol analogue GR45 during 1978 oonfirmed that 

this.material (like GR7 and GR28 tested in 1977) is a very active ard persistent 

striga germinator. The late arrival of the experimental material for a second 



season made it impossible to demonstrate the full .eoonomio potential of those
materials te increase grain yield on striga infested sites. Ethepon (used as a 
source of ethbylee) was shown to be an active strig 90rnator in. 1971 (Report 
to the Borad oa Governors 1972) but it was then far too expensive for commercial 
use. Relative price changes now make it profitable to use 
in maize paeduotion
 
on heavily stigsa infested sites in the presence of auitfble herbicides, 

Sub-Pro.loet HIII/3/3. 
iv. Weed Control in the Hoe Farming
 
System Weed Control in Yamhaize/ese mixture. 

by 

S. T. 0. LAGOKE. 

Three preliminary experiments were conducted in this trial, ts identify

suitable herbicides in sole crop yam, yammaize mixture and cowpea. 
In sole
 
crop yam, Flumetoron at 2 k,/ha and Ametryne/Alachlor mixture (1:3) at 4 kg/ba

resulted in tuber yields that were 
 comparable with the best hoaweeded check. 

,These treatments also controllod weeds effectively up to 16 weeks of crop
growth. 
Also promising, were Metolachlor at 4 kg/ha. Linurr.n/Metolachjor 
miture (1:3) at 4 kg/ha. Atrazine/Alachlor and Atrazine/metolachlor (1:3) 

-at 4 kg/ha, Ametryne at 2 and 4 kg/ha. In the yam/maize mixture, Atrazine/
 
motolaohlor micturze 
 (1:2) at 4 kg/ha resulted in the best yam tuber and maize
 
yield, although soason-lIc.-g weed control 
was not effected by this treatment.
 
8]Ioth Chloramben 
at 2 kg/ha, Prometryne and Metolachlor at 3 kgha resulted in 
very.high cowpea yield. These treatment combinations are now being tested Ia
 
yam/maize/cowpea mixture in the current season. 

S.b-PrAjeot .H.III/3/2.i. Weed Control in Animal Powered Farming Systems
 

Weed control with animal power in cotton (cI/3/3.6) A comparison of cultivation
 
. * System. J. Ogborn. 

The 1978 season was the first in which the single purpose 'Straddle row 
ary cultivator' (siiw) developed at IAR Samara wa available for a nomi 

i
'e comparison with the locally manufactured 'STRAD.rotary cultivator.
 

The light simple technology design of the SRRW requires also the use of arJdger for primary ridge-splitting and a seed drill. In contrast the STRAD is 
fitted with propriatory high technology 'slicer time' rotors and a fixed central 
time to enable it to perform primary ridge cultivation at the start of the rains
 
without ridge splitting,
 



Table H. 111/3/1 
 - Weed Control in YamI . I EE SCORE: WEMS APFER PLANT ZNGM 
Treatments 

Fluomeiuron 

Fluometuron 
Fluometuron +metolachlor 

Flurometron+metolachlor 

Kg a.i.I let End Igour 3rd~igour 4thVJ6u 
ha vigour score at score at score at 

score at 12th wk. 18th wk. 24th wk. 
6th wk. . 

4.0 4.00 8.50 9.50 8.50, 
2.0 6.67 10.00 10.00 8.50 

2 + 2 6.00 9.33 9.50 8.67 

1 + 3 6.33 9.00 10.00. 8.67 

Tctal 
Tuber 
weight 
t/a-

17.67 

19.80 

16.87 

17.97 

Marketable at 6th 
Tuber Wt. week. 

t/ha 

8.73 1.08 

14.27 3.75 

11.10 4.67 

9.87 2.00 

at 8th 
week 

.16 

1.83 

6,17 

6.33 

5.0o 

at 12th 
week* 

4.00 

5.83 
"" 6.83 

5.83 

at 16th 
week 

5.67 " 

7.83 

8.33 

6.67 

Weight of Weight f • 
weeds at weeds at 

wks Haxv--st 
kg/ha k 
1595. 7025 

2626 5775 

2728 ( 3683 

3112 4783 

Fluometuron
Alachlor + 2 + 2 - 4.00 8.67 9.67 8.00 15.03 5.53 3.08 5.50 7.50 9.17 ..

2792 7967 
FluometuronAlachloi-- + 

Atrazine 

Atrazine 
IAtrazine +metolachlor 

Atrazic +-55metolachlo 

Atrazime +
Alachlor 

1 + 3 

4 
2 

2 + 2 

1 + 3 

2 + 2 

3.50 

4.67 
4.iO 

"4.33 

5.67 

2.67 

8.33 

8.50 

8.67 

9.17 

9.33 

7.00 

9.17 

9.17 

9.53 
10.00 

10.00 

8.67 

8.00 

7.00 

7.50 

8.83 

8.83 

7.67 

15.53 

13.77 

17.07170"., 
16.73 

17-53 

14.53 

8.27 

5.43 
8.93 

6.40 

9.33 

4.27 

0.92 

3.1 

5.5 
1.42 

1.83 

0.25 

1.83. 

5.00 

5.33-3 
3.17 

6.00 

1.58 

5.83. 
6.59 
7.8378. 
5.83 

6.00 

5.17 

8.33 

833 
8.67.7 
8.00 

7.33 

7.50 

" 

2103 

3213 

306436 
2045 

2309 

2608 

6145 

2717 

66325 
5350 

8533 

8275 
AtrazineAlach5lor+ 

Linuron 

Liraroun 

1 + 3 
- 4 

2 

3 
4.67 

4.00 

9.33 
9.50 

7-33 

10.00 
9.67 

9.83 

- 8.67 
"8.33 

8.17 

-
17.33 

16.73 

15.50 

9.27 

8.67 

8.47 

3.00 

2.42 

6.67 

3.67 

2.50 

6.17 

7.50 

5.17 

7.83 

9.00 

7.50 

9.00 

2431 

1019 

7356 

-. 

7508 

6483 

8142 
meiolachr 2 + 2 4.67 8.67 9.67 8.50 16.87 6.40 3.00 2.67 6.17 -733 2433 8508 
Linuro + -
meolachlorLinuron + + 3 4.67 867 9.5 8.50 17.93 9.20_ 0.58 2.67 4.00 5.83 2928 562 
Alachlor 2+ 2 
Linuron + Alachlo= 1+3 

Metolachlor ' 2 
Metolaohior 4 

Alachlor 2 

6.00 
4.33 

5.67 

4.33 

5.00 

9.00 
8.33 

9.33 

9.12 

8.8-

9.67 
9.17-

9.33 
10.00 

9.67 

7.83 
7.50 .. 

8.50 
8.50 

8.17 

14.97 
14,40. 

15.27 

18.80 

13-83 

6.57 
6.40 

10.00 

9.67 

7.63 

1,42 
2-75 

3.92 

2.17 

5,33 

3.50 
2.50 

5.00 

4.50 

6.17 

" 

" 

6.83 
6.00 

6.3 

5.00 

8.17 

8.67 
8.i7 

8.50 

6.33 

9.33 

1245 
3544 

1760 

2761 

3977 

12033 
5383 

5675 
581Y 

9033 



-WEE"SCORE: WEMC AF PIJNTING. 

Treatment 

Alachlor-, 

Ametryne 

Ametryne 

Ametryne +
Alachlor.-

kg adi/,~h -

4 

4 
2 

-
2+ 2 

1st Vigour 2xvigour 3rdiagour 4th Zgour Totalsoar-e at' score at- cr 
score at scoreat Tuber 

6th wk. 12th wk. 18th wk. 24th wk. weight 

- Vha 

3.67 8.67 9.67 9.00 16.40 

4.33 8.83 9.83 8 83 18.90 

4.001 9.17 9.8} .9.00 • 17.93 

.
3.67' 8.00 '9.0 8.67- 19.27 

Marketable 
Tuber wtL 
t/ha 

8.57 

9.30 

9;00 

11.33 

a+sczeaat 6th: 

1.25 

1.00 

S.58 

c.67 

at 8th 
week 

3.00 

4.50 

2.58 

3.33 

at 12th 
week 

5.67 

4.67 

5.00 

3.17 

at 16th 
week 

7.33 

5.50 

5.83 

5,50 

Weight of Weight of 
weeds at weeds at 
16 wks. harvest 
-kkha kg/ha. 

2726 3667 

1186 6250 

2235 5250 

2797 5263 

Amet~yne
Alachlor 1 + 3 6.67 9.00 10.00 9.67 19:53 12.13 4.42 6.00 5.50 6.83 2832 6983 

Weed free -4.06 - '8.33, 10.00 8.83. .22.07- 13.13 3.92 2.83 2.33 1.33 514 567 

N Hoeweeding for 

a 4,8,06 weks 
6.67 9.67 10.00 10.00 23.67 16.20 3.67 0.50 2.50 

5 
5.00 
.0 

0 383 
8 

Unweeded 3.00 8.33 8.33 7.33 12.47 4.40 6.83 7.33 9.00 9.50 3653 9500 
-------------
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Table H.I11/3/1 Weed Control in CowpeL 

Treatmant Kg 'Weed score Vigour score Grain yieL 
at 6 weeks at_7weeke
 

AUaohlor 1.5 7.51.0 1058.94
 
Alauhlor 3.0 0.25 5o5 759.31
 
Metolachlor 1.5 0.92 5.7 
 1243.91 
Meto2acloq 3.0 1.92 
 5.8 1366.34
 
Chlorobromiron' 
 1.5 4.33 8.3 1162.11 
Chlorobromuron 
 3.0 2.5 6.3 412.34 
Chlo;oxuron 1.5 3.67 2.5 259.17
 
C~ioro .3uroo8n5
 orn *;3.0 5.06 5.2 680.52 
P ometryne',1.0 2.08 8.3 1058.94
 
Itometryne-i 2,0 
 4.67 9.2 1411.92 
Ametryne. 1.0 7.71.75 850.57 
Ametryne 2.0' 7.50.67 546.61
 
Linuron. 1.0 2.5 9.3 
 1050.46
 
Linuron 2.0 1.25 
 7.8 914.07
 
Norflurazone, :.0.8P, 35 9.0 112.33 

Norflurazone 
 1.6 0.83 8.8 1112.29
 

EL-171 0.25 1.5 
 6.7 673.10
 
EL-171. 0.5 1.83 
 2.0 21.91
 
Diuron 
 0.8, 1.25 9.2 1071.31
 
Diuron 1.6 8.8
1.5 1183.31
 
Fluorodifen 1.5 8.0
2.58 829.98
 
Fluorodifen 3.0 0.5 8.7 
 1219.00
 
Hand wdedi r a9.17 9.7 1234.55 

3 aa-E6 w-eeks 
Hand Weeding at 6.83 9.2 1484.35 
Unweeded 6.5 7.5 1049.75
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7he contrast was therefore between 
a high technology MULI purpose toolbar 

wuhich Ppprd seedridgee by reduced tillage leaving the core of the ridgelmjaturled and a combination of SINGLE purpose units Preparing ridge'
oonventionally is set in table H.III/I/2.1. These single purpose units an 
required two operations.
 

' ~~1-TT1 8noifieation of 1978
o.1 tlage systems 
Operation
 

MULTI SINGLE
 
Primary cultivation 
 Rota 5J4/78 Ridges- plit by.ridepr 23/5/78Herbicide application GKSD sprayer on G
( SD sprayer on' 3-/6/78. 

5/4/78 and 2/8/78
(start)Herbicide incorporation During primary cult. 3M rotary in 3-7/1/78Seedridge preparation Rotary 26/6/78 No-herbicide .ridges split on
 

Seed sowing' I , 27/6/ 78. ; ..y sowing tube during, By seed drill in separate
seedridge preparation' operation 27/6/7826/6/78. 
 6/..

Crop thinning spot 
.
 

hoeing of the crop row. 
 l1-12/7/781' 
 13".21/7/78
Straddle cultivation asrequired from:- 17/78 11/7/78 
se weeding in crop row as
 

required from: 
 8/8/78 14/8/78
 
MNMA post-emergent berbicide
 
applied by GMSD 
 . z2/8/78 2/8/78
 
Desi: 2. cultivation system applied to 16 main plots.
 

7. herbicide treatments applied to 120 sub-plots
 
Plots size: 
 Main, Gross .= ha/23o1 .
 

Sub. Gross' ha/284-.8 Net =ha/4781&
 
Treatments 

MULTI purpose STRAD system 
Smbl 

vs . MUII 
.Combination of SINGLE purpose ridger, SH and seed-drill SINGLE 

xHerbicide treatments (dosage as kg al/ha applied :in 10 I byGMSDsprayer) . 
No herbicide (double replication) 


CHECKtrifluralin. 0.8 
tr . 0.

trifluralin. 1.2 
- tr. 1.2trifluralin 0;4 

din. 0.4' 
MSKA~1.2 

I 
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11nl Crop Arnoiay. 

11/8/78 lot inseotio de apploa.ion (ULVA)
 

19/9/78 2nd I 1"
 
26/9/78 3rd
 
2/10/78 4th a
 

9/10/78 - 5h o ... .
 

22/11/78 Picking ta.rte.on MU.I system
 
1412/78 icking otarted on SINGLE system
 

10/1/79 Cott.npidkixi complete d..
 

Notev -I,. Delayed by supervisory error 

Results: 

.)Teasurements of machine .hours 

Whore operations could be performed on main plots which were 11.3long,
 

the actual times "per main plot were used., For operations on individual
 

sub-plots a value was estimated by deducting the 'turning time' estimated by
 

a sample of about 2 individual rune on single ridges. The times for the. SRRW
 

operations were further adjusted by deducting 'roter cleaning time', cause 
the scrapers for this machine were still under development.
 

Measurements of labour h 

All operations using hoe labour were recorded individual2, on, sub-plot, to
 

the nearest second. The. have not been adjusted for.plot size*
 

Analysis
 

One SINGLE system main plot had to be abandoned as I'tn weedy'.. This left
 

a non-orthogonal design.
 

' -OLII: Z.- Oxv, t:ULU-Ubi~i~U~tL LLLLI, ,-UII-uU-UK w1,,L cu&L wuvding (Table H.iII/3/2.2:

Machine time (h1/a Man hours/ha
 

Treatment Prim. Herb. Sowing Thinn. Operator Hoe
 
Cult. Inc. prep. Cult.' Labour
 

bJ 

MUIWI System 

CHECK 6.8 - 11.7 8.2 27.0 77.8 

Her, Means - , .3 7.2 8.2 22.2 38.7 
trf, 0.8 - 6.8 7.0 8.2 ( 22.0 39,4--. 
trf. 1.2 - 6.8 8.0 8.2' 23.0 49.7
 
din. 0. 1' - 6.8 6.7 8.2 21.7 ,"27.1
 

System mans.. 6.6.8 8.3 8.2 23.4 48.5 

http:ta.rte.on
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I&1ohine time (hr/A)" hours AiaTreat qut. .Prim. Herb. Bowing 
9 

Thfn, Operatp, Hoe.-Cult.. Inc. prep. Cult, Labour
 

SINL ysem.,
 

- :9.3
RM1 19.4 64.6 131.n
 
Herb. means 
 13.6": 8.0 
 9.3 9.1 80.0 12.5 
trf .04! 13.6 8.0 ,,9.3 9.0 74. 47.3
trf. 1.2 . 13.6, 8.0 9.3 
 9.6., 
 .81o '54.1; 
dine 0.4 13,6 "8.0 9.3 8.7 .79,2 26.n:
 

Systems means 
 19.6 - 9.3 11.6 01.0 
 64.6 

TableH.III/3123 
 -Postthinning weed control
 
The 'Days of' -3mjletecontrol'. (after thinning) provided tne only


oomparison'of the periformhnco of the'roters,. 
 I the-bsence oa
a herbiode,

the 'slicer'time rotors' on 'the STRA.D controlled weed re owth for 8 da 
longer than the 'picker time' rotors oMS1RW., In the presence of horbioides 
however, the system difference became very small.
 

Table H.III/3/2.3 Post thinning weed control
 

Stands Days of ;4achine Man hours/ha000/ha complete time. Operator Hoe labour
 
- controlMT ,TT5ystems . ept' "-'- - -


CHEC 53,8. 27.2 13.9 13.9 
 1009 . 36.9Herb, means 
 55.6 '39.2 10.9 
 12.0 48.0 58.5

trf. 0.8 
 52., 37.4 12.9 13.8 
 74.8 102.2
 
din. 1.2 
 57.2 .28.5 13.6 
 13.6 64-4. 58.1
 
din. 0.4 
 53.6 41.8. 10.6 
 10.6 55.0 10.5
 
trf. 
0.8 + N A 57.7, 41.2 10,3 12.0 32.7" 98.1

trf., 1.2+ NSM& S5.9 44.8, 7.5 7.5 18.1 8.
 
din 0.4+ 
 56.6 41.6 
 10.14 
 3. 44. 
System means 
 5,2 :36.4 11.8 12.5 63.7,': 57.9
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SEnL.is Days f Machine Man hours AO/ha Complete Time Operator Hoe labour 
....
......................
 control hr/na ..Augst Sept. 

ECK, 

154 129.1 5.4.0
Hexb. means . -57.0- ... 3686 
 67.9 125.3

trf. 0.8 56,0 28.5 5.5 11.0 58.5. 116.3trf. 1.2 54.1 25.6 5.9 11.8 92.4 123.5.
 
din. 0.4 A.,, 60.5 39.5 2.9 7. 94.4 1235 
trf .*. '.8+ YV A 56.o 443 -3.0' 12689.2 61.2 
t . 1 2 + sk .56.3 31.2 '4.5 9.0din.. O.4 + KW,:; 85.8 12'4.59.r, 50.< "-1.6 4.24 15.0 137.3 
Sytl'ms moans 56.8 .. 34.9 10.4 83.2 '-111.5 

_The maor. difference between th" sYstems was the consistently higher hoe
3at-cia requiremn. onj,h SUNGLE 
 sy,tem during Augst and September for weedccnirol in the or'p xlw, AP .e.i machLne cultivation was .requi2Md1- to :oont3o
 weu,- be-ween te crop 
 ,s:' it W .u-iapp6a~r that'the h*igher weed challenge in
th,. -Xw mut be due Z-tlean "effe.-r-e see'. ridge, preparation. 

There were no marked systems differences in crop vigour but herbicides
g9c-AraCl.y Increased crop vigour. (measured by dry'shoot wt.). In the absence
herAcides the SINGLE system significantly (P 

of 
= .018) outyielded .the'M-ULTI systembn this. effect iis rr'- . ' i .h* pen .-f heibicides. In both systems thehighest. yielding herbicide treatment was trifluralin 0.8' while the higher dosage e' 

oo,.te t.y y-ieled ;.ess. 

?ab1s,-z'cnt Taole H/1 2
 
.. Both se .s of diniTIamne plots, were 
weed free and only required thinning.
The consequent reduction, in sport weeding more 
 than paid for the cost of thisherloide. Apart from the increase in operator hours cauted by two-man o; U'ationthe SINGLE systeu units-all travelled slightly slower, apparently because they

all required at least one walking opei'tor, The herl'icides markedly reduced 
the amount of spot weeding required in both systems. 
In the absence of herbicides
 an average of over +w, paces wara 1"equired with the SRRW.' Only one was required
in the presence of dinit.amne apni average of just ever one wqs needed in the 
presecr.e of trifluralin. 

One pass with the STAAD iias enough in all treatments. The trifluralin 1.2trea'entn gave markedly puzpea weed ccnbol than the lower dosage. This mighthave been *aused by po'rer droplet formation of this very cencentrated emulsion 
by th3 a[ISD.
 

T-ibit-T1 II/Jg6 s~l m Input inc ldinthinningandweeding. 
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fTble E /2.2 etaI t n t inolJ"ing tkinn wA weedix. 

!E2hiWe time (hr/ha)
Trla ent Prim. Herb. Sowing Thinn. 

u. Ino. Prop. cult. 

HE 6.8* - 11.7 8.2 

Herb. Means 
 - 6.8 7.2 
 8.2 

Trf. 0.8 - 6.8 7.0 8.2. 

rfr. 1.2 - 6.8 8.0 8.2 
din. -- 0.4 -  6.8-" 6.7 8.2 . 
System Meana 6.8 8,3 .2 

SINGLEsYstem 

CHECK 13.4  -9.3 19.4 
Herb. means 116 8,o 

trf. 0.8 13.6 .... " 9.0 
tf. 1.2 1. ... 8.0 . 9.3 9.6 
din. 0.4 13.6 8.0 9.3 8.7 
Systems means 
 1906 
 9-3 11.6 


Table HIII/2.4 Crop totals and rofitability
 

•r"meCotton Seed 
 Machine Labour
Teatment shoot cotton total total 
wt t/ha kg/h, hr/ha hr/ha 

CHECK 1.75 502 40.6 256 
Herb. means 
 '1.96 623 33.1.. 189. 
trif. 0.8 
 1.97 
 721 34.9 252 
trif. 1.2 2.16 
 613 36.6 2C9 

din. 0.8 1.83 633 32.3 181 
t.tt. 0.8 + MSMA 2.19 
 546 32.3 204 

trit. 1.2 + MS 
 1.97 548 
 30.5 126 

din. 0.4 + MSMA 
 1.67 
 675 32.2 150 


S4stem means 
 1.91 
 591 35.0 206 


.SINGLE
SYstem
 
CHECK 
 1.65 6142 
 50.0 414 

Herb, means 
 1.99 526%i 43.9 324 

tnt.f£ 0.0 2.13 607 454trif 1 313* 2 


tnt. 1.2 .4
1.63 518.. .6.4 
 363 

d n. 0.4 2.35 508 42.5 330 
tif. 0.8 + M ' 2.22 .,- 556 .42.9 324 
trti. 1.2 + MSM 1.72 452. 45.0 354din. 0.4 + 1.87 
 523 41.2
Syetem means 

,MA 326
1.92 556 h5-4 11 


Opeziiboc Hoe 
Laoou 

27.0 77.8
 
22.2 38.7
 
22.0 39.4 
23.0 49.7. 
21.7 27.121. -7 

23.4 48.5 

84.6 131.0 
80.0 
79,8 47.3 
81.0 54.1
 

79.2 26.0 

81.0 64.6 

Produc- Net 
tion profit. 
coats 

109.06 41.53 
98.60 _ 88.30 

118.95 97.35 
107.91 75.99 
90.31 99.59 

102.51 61.29 

81.15 83.25 

80.91 121.59 

102.08 75.22
 

173.06 19.54

150-61 7.19 
144.32 37.78
 
'170.40 15.00:
 

150.91 0.31 
151.54 '15.26 
169.69 34.09
 
152.22 4.68
 
156.22 10.58
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Prof tability was low :in this experiment primarily as a result of the low 

ySJold. This was oeAtaily due to inoorreot inseoticidal spraying (see general 

crop "gooy.Thebetter,profitibility of. the MUIMI system was 'undoubtedly
 
due zinly to the lower hoe 
 laboar demand in August and September. 

The generally low production cost of either straddle row system compares
 
favourably with the known production costs of growing cotton with a ridger.as
 

the orly cultivation tool.
 

Sub-Projeot Ho.II3/2. vi.' Weed Control with inimal power in a millet
sorgium mixture 1979.
 

A comparison of cultivation techniques:
 

Iu 1979, the STRAD toolbar was also commercially available in a cheaper 
version fitted with locally made 'picker' time rotors. The modifications to
 
the SREW prototype were not complete at the beginning of the season and this
 
machine was therefore not tepted in 1979. 

Table'H'III/3/2,5 Specificadion of tillM system. 1929.,, 
Operations 
 'Systems
 

STRAD PICKS . EMCOT
 
'Deep' primary 18/5/79
... 26/5Y79 o

cultivation. Rotor angle 250 Rotor angle 30 " -


Sowing and minimum 28/5/79 29/6/79 30/5/79
tillage by sowing tube by sowing tube
 
during seedridge. 
 in farrow .
preparation; behind ridger.


First ridge splitting ..
 /6/79

and fertilizer sidebanding. without
 

mould boards.
 
First cultivations and i5/6/79 - 22/6/79
fertilizer side banding 
 .... 

First hoe weeding and
 
thinning 
 3/7/79 3/7/79 . . 2/7/79. 

Dasign: 5 oultivation treatments applied to 20 main plots.
 

Plot size: Main = ha/78,00
 
Treatments:
 

PICKSTRAD VS STRAD rotors
 

X 
Deep seedridge oultivatiox VS MINIMUM.
 

+ 

ENCOT furrow sowing fb ridge splitting.
 
Bassal fertilizer 112.5 kg of 20-20-0 /ha
 

Results: . 

SCrop establishment inputs. (Table HIII/3/2.6).
 

The heavy olay'loam soil at Samaxu cannot be split by the 'EMCOTridget 
to prepare cereal seedridgen at the beginning of the rains. There is 

therefore no established farming system using this equipment near Samaru, but.
 
the furrow sowing technique developed in 1977 by mounting a sowing tube behind 
the riger was used again in 1979. This operation compared very well with the 

http:ridger.as
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MU system used in 1978 and required only 15.3 compared to 27.0 man hr/ha. Both
 
ytens required many fewer man hours than the hand sowing normally used by the 

truditional hoe farmers of the area. The STRAD opgration with the integral sowing
tube was a little slower (8.5 compared with 7.6 hr/ha),but was a one-man operition. 
Table H.III/3/2.6. 
Man and machine hours required to establish a Millet Sorghum

mixture by animal Dower. 
Cultivation Primary Crop sowing 1a* cult. 1st hoeing Total Total 

ou~t. man hr/ha man br/ba man hg/a man hr/ha machine 
hir/hh

STRAD DEEP 6.29 8.56 4.!3 , 54.29 73.37 19.08 
STRAD 'KIN - 8.46 4.,2Q 76.75 89.46 12.66 
PICK DEEP, 3.13' 8.51 6.23 72.74 87.48 14.74 
PICK M - -. 8.54 7.31 81.70 100.68 18.48 

(2 man operations) 
(ridges splitting) 

15.29 15.66 125.36 156.43 15.48 
+ .091 + .079 + .497 + 26.152 

The effect of extra 'deep' seed ridge primary cultivation in improving early 
post-emergent weed control and reducing man-hours for 'down the row' thinning can 
be clearly seen in the table. 
There were overall reductions of 16 and13 man 
hours/ha with the Lilleston ana Picker-time-=otors respectively. There were 
also marked improvements in crop vigour with this technique. An the STRAD 
treatments used mznoh less 
abour'then the improved EMO0T which itself used for 
fewer man-hours than the cstablished techniques traditionally used with the EMCOT
 
in the light textared soil areas whore animal power farming is now established.
 

The commeroial availability of high clearance straddle row rotory cultivators
 
has therefore made it technically possible to animal power cultivation to heavy land
 
area where it has so far not been widely adopted.
 

Suh-Pro.leot H.III/j/1 vii. Striga Ecologioal studies 1977 - 78. 
R. A. Mansfield. 

Observations during 1977 and 1979 (see tables H.II/3/5.1) showed that 'gero' 
(day length neutral) pennisetum millet is regularly parasitised by Striga hermonthioa
 
in the Sudan ecological zone. 
,The 'dry season' harvest period of gore in this 
zone supports the Droduction of viable striga seed and thus maintains a district 
'pro-sensitive' race of stripa in this zone. 
 Gero harvested during the wet 
season in the Guinea zone, does not support the production of viable striga seed 
and therefore the 'gero-sensitivel race of striga is either not present or is 
greatly attenuatedb The,recomended 'ex-Borno' gro cultvar is almost completely
 
immune to striga attack at Samaru. 

The probable reasons for this observed zonal variation are:
1. Soil temporature
 

S. heronthio probably requires a diurnal peak temperature between 25-.)°0
 
to permit germination inmoist soil. (Parker, 1965). 
 These te.peratures are 
not reached while the soil isat field capaoity during July -.August in the Guinea 
zone. 
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3. Rainfall distributions 

In contrast to the Northern Guinea zone, rainfall is' l!htar and less 
frequent in the Sudan zone so-that the surface soil frequently dries and 
moistens during the' rains. This'maintain the striga seed in a fit state to 
germinate whon=,ver. stimulated by the promimity of a host root, In the 
Noither. Guinea zone, strip germination.cnurs during a ccmparmt'ely urt 
period when the soil dries at the end of the rains. 

These factors account for the f rgquent Qbservution that vegetative 
striga occurs on ge o at beading and on sorghum before heading in the Sudan 
zone. Even if early striga emerger6 does occur on soriium inte ,iorthern 
Guinea zone most of the emerged striga oaunot survivo.1 the pathogenic attack 
whiqh develops in the continuously wetsoil. and microclimate turing the
 

rainfall peak.
 

There are a number of control implications resulting from these
 

observations
 
4. Breeding programmes for tolerance/resistanoo in gero are only required
 

for the Sudan zone.
 

5. 	 The introduction of resistant varieties of either sorghum only or
 
gero only will not stop striga seed production in the Sidan zone. The
 
new 
resistant -'%riety will be challeng.:d continuously by tm seed produced
 
on 'other' crops. It is therefore esqetial to combine the introduotien of a
 
new variety with integrated control measures to prevent 
striga seed production 
at any stage of the cfopping system. These should include aontrel of 
emerged striga by foliar herbicid.s, the control of alternative grass weed 
hosts and stubble clearing to prevent post-harvest striga seed production 
on cereal crop ratoons. 

6. 	 There should be little striga attacc.n Sudan'zone irrigation schemes 
because these inevitably Vend to be over-irrigated but if an attack does 

'develop in a particular sohemes, a useful control measure wo.ld be to continue 
irrigation throuh the harvest to maintain the soil moisture contents above 

the threshold for striga germination.
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Stria e.ed canIbe pre-conditioned to germinate effectively during the 
vetting.oyole in-.the Northern Guinea zone providir that therainfall is 
light during June (Ogborn, 1971) but inmany sesons the surface soil remaiis 
saturated throughout June, July and August. It is probably that the striga
seeds in the soil become 'wet-dormant' (Vallanoe, 1950) during this period
and cannot germinate even if the sol termperature rises temporarily.
 

Table H.III/3/5.1. Striga host preference, 1977  8.
 
Km from Looation 
 Date Cereal Crops 
 Crops attacked
 
Samaru 
 present 
 by Stria
 
North west of Samaru to llela.
 
0 Samaru July 78 Geo - Sorghum Sorghum enly
 

5 Shika Nov. 77 " " t 
72 Funtua Nov. 77 
 to 
179 Gusau Aug. 78 " . 

Magaji Nov. 77 "
 
241 Majinghi Aug. 78 ' " ' " ,

274* Talata Mafara 
 Aug. 78 ' " Gore + Sorghui
 
306 
 Talat- Mafara Nov. 77' ." ',"",,+ . it
 
406 Sokoto Nov. 77 t 
 I + Sorghu

488 Illela : ' Nov. 77 
 only 

Nbrth east of Samara to Daura .
 
10 Samara July. 78 
 Gero - Sorghum Sorghum only;
 
30 Makarfl ... Jul. 78,. " ,

46 Soka 
 Jul. 78 " 
 Gre + Sorghum.

72 Dangora 
 Jul. 78 " " Sorghum only
 
72* Dangora Oct. 78 Sole gero 
 Gev
 

C1. Kadawa Oct. 77' Goro - Sorghum Sorghum only124 Kadawa Oct. 77 Gore - Sorghum 
 Gera + Sorghum

154 Kano IC Aug. 78 
 Goro - Sorghum Sorghum only
 

Kano FC Aug. 78 
 Sole gres not attacked
 
211 Dambata 
 Oct. 77 Gre - Sorghum Gore + Sorghum
 

Dambata 
 Au. 78 Gero - Sorghum Sorghum or..ly 
Dambata Oct. 77 Gero - Sorghum Gero + Sorghum
 
Dambata 
 Oct. 77 Gre - Sorghum Gora + Scrghum 

230 (approx) Bakura jnct. Aug. 78 I" to 
+ 50 kg to Babuba 

257. Kazaure Aug. 78 "
I Sorghum.only 
Kazaure . Sep. 78 " . Gere + Sorghum

277 Page Sop. 78' "t ,, I , f,
 

Pago .. ... o .'77 " " It i 
294 :Daura Jul. 78 it 

Daura Jul. 78 Sole gre Gore 
* Daura Ont. .77 . Ger - Sorghum Gore + Sorghum.
 

*.,Approximatei 
 position of-the Northern Guinea-Sudan zonal boundary.
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rllI/f. vii. Striga ontcol by using striga germinators 
Effect of time of Applinition of Germinators on Striga orntr. in Maize at 

M.kwa (S. Guinea zone)
 

Objective: To find, for Mokwa, the best rate 
of Gil5 and the best time.of 

applioation f=r.striga cpntrol in Ma!ze.
 

Site: National Grain Production C.-MJkkwaa
 
Method: An incomplete block design with ha/314 per net plot.
 

(4 Yeps, 3 plots per sub block). 

Treatments (Per block)
 

1-0.1 k&/ha GH5 at 4 days preplant
 

2-0.2 " " ,
 

3-0.4 " ,
 
4-0.1 kg/ha GR45 at 2.,days preplant
 

5-0.2 11 : to , 

6-0.4 o .1 .
 
7-solvent check
 

8-4o solvent check
 

9-othopon 1.6 kg/ha at 2 days prop bant.
 

Basal treatqents -'supa'-5COkg/ha (boronated)
 

'C.A.E. '-5..400g/ha (28,N) 

150-2 0 kg/ha applied 1 week post plant.
 

150-200 kg/ha applied 2 weeks post plant.
 
Butylate 6.4 kg/ha (78A7o.c) incorporated at plantlug.
 

All treatments incor'ratd with Lilliston cultivator. 
Crop: Maize farz 27 ir. 3 ft rows, 9 inch spacing
 

5 rows/gross plot, 3 rows/pet. 
 (Net plots 2.75 mx11.6 m) 

Field nerations
 

9/5/79 4 days prplant treatments of GR 45 applied and innorporated 
11/5/78 2 day preplant treatments of Gh 45 applied and inoorporaied 

12/5/78 
 Ethepon and butylate applied and incorporated

S . ee 

13/5/78 Mai e and 'supa' drilled, mechanically.
 

23/5/78 First application of 0"A.N.
 
1/6/78 Second application of C.A.N.
 

7/6/78 Transplanting and thinning
 

22/6/78 Hand weeding.
 

10/7/78 First flowering striga seen
 

19/8/78 * First ripe mature striga seen. 

28/8/78 Harvesting cf Maize.
 
Table H.III/3/5.3. Effeot of time of application of garminator on grain weight 

ef maize (kaJha) at harvest 

(TR EAT NT). . 
Germinator rate kg/ha 2 days nr -tlant 4 days pre-plant Mean 
0.1 GR 45 1763 .050j 2880 2323
0.2 GR 45 
 1973 .094 2745 2361
 
0.. GR /45 2893 .2798 2845
 
Mean 
 2210 " 
 1O0 2845

Ethepon 1..6 3311 ('.151) "". -. 
CHECK " 2762 . 
(value& in braoketn show sigmficane of 't' for treatment versus check or for
 

2 averages)
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Table H.III/3/5.4.* Effct of time of application of germinators on nature 

striga (1000s/ha) at harvest
 

c -(Treatment means)

Germinator,. 
 2 days 14days Mean
rate kg/ha re-plant pro-plant
 

0.1 GR 45, 4.4 .4.6 
 4.50.2 Gl 45 7.6 (.039) 5.9 (.2o4) 6.7 (.o54)
0.4 GR 45 2.9 1.4 (.86) 2.2
 

Means 
 5.0 
 4.0
 

Ethenon 1.6 
 5.9 (.141) 

CHE~X '3.9 -

kvalues in brackets same as table H.III/3/5.3) 

Table H.III/3/5.5. Ef!ec t of germinator and time of application in totel 
striga (1000s/ha at harvest. 

(Treatment ,means)
Germinater 2 days 4 days mean
 
rate kg/ha prc-plant pre-plant
 
0.1 GR 45 
 21,0 (.051)" 31.7 (.083) 
 26.4
 
3.2 GR 45 32.5 (.056) 35.1 (.026) 33.8 (.014)
0.4 GR 45 18.3 (. .012) 20.3 (.024)' 19.3 (.006) 

Means 24.0 29.0 

Ethepon 1.6 
 2t.0 (.174)
 
CHECK 26.9 

(values in brackets show significance of it'for treatment
 
vs check or for two averages) 

Table H.III/3/5.6. 
Effect of germinators and time of application on total
 
shoot weight (kg/ha) at harvest)
 

Germinator 
 2 days 
 4 days Meansrate kg/ha pre-plant pre-plant 

0.1 GR 45 4665 ('.060) 5902 
 5284

0.2 GR 45 
 5209 (.114) '7375 
 6292
 
0.4 GR 45 
 7252 
 7532 7392
 

Means 
 5709 
 6936
 

Ethepon 1.6 9420 (.034)
 
CHECK " :6940 ... .

(.a.ues in brackets tiow signifinance of 't' for treatment 

vs check). 
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Effect of timp of applioztion of girmin-,tore on striga control in maize 
sorghur and millet at Keza (Sudan..
Zone)
 

AU.orops failed due to late plantIng caused by late arrival of chemejals. 
Dioassays for resisual atriga are now being done at Samaru. No striga 

emerged on the experimental site in contrast. to--surrounding fields. This 

might have been caused by Ile high N level and basal linuron herbicide applied 

to all treatments. 

The int:raction of germina-tors and herbicides on striga control in maize 

at Nokwa (Southern guinea zone)
 

Objective : To find, for Mokwa, the best combination of herbicide and 

germinator at Mokwa (S. Guinea) for striga control in maize.
 

Site: National Grains Production Co. Mokwa.
 

Method: A split plot experiment with net plots of ha/314.
 

, 	 Main plots = Butylate 6.4 kg/ha vs no butylate. 

Sub- plots = 0.0 kg/ha GR 45 

0.1 " 

0.2
 

0.4
 

and ethepon 1.6 k/ha 

(4 rps, 2 main plots per block, 5 sub-plots per main plot) 

Basal treatments -'SUPA' 500 kg/ha (boronated) 

,CANI 2816 , 500-400 Xg/ha 

150-200 kJha applied at planting. 

150-200 kg/ha applied at 1 week later. 

-all treatments incorporated with a Lilliston *ultivator. 

Crop Maize Farz 27 in 3 ft tows. 

5 per gross, 3 per net plot 
9 inch spacing between stands. 

Field Operations 

11/5/78 Gr 45 treatments applied.
 

12/5/78 Butylate and ethepon applied and incorporated. 

13/5/78-23/5 Maize planted, fertiliser applied. 

1/6/78 ApplitatJon of C.A.U. and thinning 

7/6/78 Hand weeding 

10/7/78 First flowering af striga 

19/8/78 First ripe mature striga 

2s/8/78 Maize harvested. 

Table H.III/3/5.7. Interaction of butylatrc and germinLtors en grain weight 
* " ,of maize 6r/h. at harvest 

Germinator Butylate No Meano .rate kha • ,k /abtyle
 
_late
m1ha
___g/a6j

0.80 GR 45 	 939841 	 90
 
0.1 " 1493 	 1085 1289 
0.2 . 551 	 86' 710 
0.4 " 1310 847 9 
Ethepon 1.6 1344 846 1095 
Means 1108 857 
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Table H.III/3/5.8. 
Intoraot on of butylato and gexminators on mature striga
olunt (1000s/ha) at harvest 1978. 

(Treatment.means,
 
Germinator 
 Butylate No 
 Means
rate kg/ha 6.4 1g/ha butylate 
0.0 GR 45 7.0 4.9 
 6.o
 
6.1 " 
 7.9. 6.1 
 7.0
0.2 , 8.0, 
 ;4.6 6.3
0.4 " 5.3 
 6.6 
 5.9
 
"'thepon"1.6 
 3.1 
 6.4 
 4.7 
Means 6.2 
 5-7
 

(Treatment means)

Gdzminator 
 Butylate 
 No 
 Means
 
rate k7hja 
 6.4 kg/ha butylate
 
0.0 GR 45 
 4426 
 5315 
 4870
 
0.1.. " 6684 (.0141) 5741 
 6213
 
0.2 
 3666 
 4093 
 3980
 
6.4 GR 45 6517 
 .3238 
 4878 ...
 
Ethepcn 1.6 
 6177 
 4569 
 5378
 

Means 
 5494 4631
 

Table H.I11/3/5.10. 
Interaction of butylate and germinatospon 'total striga

at harvest (1000s/ha)
 

(treatment means) 

Germinator 

- -

Butylate . No 
 Means
rate kg/ha 
 6.4 kg/ha butylate
 

0.0 GH 45 16.6 
 13.5 
 15.1
 
0.1 , 
 20.5 
 .15.9 
 18.2
 

16.8' 
 13.0-
 14.9

0:4..."'. 
 144a 
 18.1-
 16.1
 
Etheper 1.6 
 111.2 
 18.i 
 16.1'
 

Means 
 16.0 
 iS.6
 

http:H.I11/3/5.10
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Results and discussion
 

Time of aEplioation
 

JAeanalysis of the 1977 Samaru experiment after the 1978 experiments had 

started showing that striga garminators were stable for beveral weeks in 

acid Nigerian Savanna soils. Consequently the contrast of 2 versus 4 days 
pre-plant treatmcnts could not be expected to produce large differences. 

Nevortheles-;, 0,1 kg ai/ha of.GR 45 in the presence of butylate produced a 
deteutable reduotion in striga emergence &t 2 days pr,.-plant and a comparable 

increase at 4 days. (Table 5.5). The identical treatment in the herbicide 

interaction experiment produced a small inofease in emergence (table 5.10). 

This discrepancy may be explicable in terms of the different levels of striga 

infestation on tha experimental sites. The CHECK treatment in table 5.5 had
 

a total emergence of 26.8 thousand striga of which 15% matured at harvest
 

whereas the equivalent treatment in table 5.10 had a total emergence of only
 

16.6 thousand but over 45% matured at harvest. 

0.2 units r;duced yields when applied 2 days pre-plant in all treatments
 

0.4 units markedly reduced strigo emergvnce and did not reduce grain yields
 

in the presence of butylate. It is now clear however, that all dosages of
 

germinator should be applied much earlier than in thede experiments.
 

Herbicide germinator interactions
 

There were no larger economic reponses to germinator treatment in the
 

absence of butylate but in the presence of butylatA ethepon gave large and
 

profitable responses in both experiments.
 

The break-even value of ethepon in these experiments was 195.16 and
 
I103.86 respectively per kg ai. This chemical is c6mmercially available in
 

Nigeria at a current price of 1421/kg a.i.*
 

GR 45 also gave large increase in grain yield. The results how that ii
 

decomposes only slowly in moist soil, current experiments in 1979 are
 

designed to evaluate it, when applied pro-plant without incorporation or when.
 

applied post-harvest in the dry season. These are the only modes of application
 

practicablo for the hoe farmer. It appears that ethepon which mut be
 

incorporation has little potential for use by hoe farmers.
 

* As 'Ether' (48% so) from National Oil and Chemical Marketing Company. 

H.III/3/6.1. Chemical control of imperata
 

S. T. 0. LAGOKE
 

EFFECT OF VOLUE OF APPLICATION OF GLYPHOSATE AND
 
POST- SPRAYING SLASHING ON SPEARGLASS
 

Site: Niokwa 

Glyphosate w,.s 6ither applied in vary low iTolume (20 L of water per 
hectare) at the rats of 0.5, 0.75, 1.00 and 1.50 kg ae per hectare with 

additional wetter (Agral 190' at 2% of spr-y liquid), or in high volume 
(250 L / hectare with 0.4% additional wetter). Spraying wore done on 7/12/77. 
As shown on Table H.III/3/6.1, some of hhe plots were slashed on 3/1/78. All 

applications were done on 60 - 75 cm speargrass regrowth. All treatments
 

were arranged in a split - plot design and replicated two times.
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Results and discussion 

Effeot of various treatments on speargrass regrowth at about 18 weeks
after spraying is shoen in table. H.III/3/6.1. Ne difinite &dvantag 
 canbe attributed to tost-spra'ing e1.-shing in this trial. 
With slashing,

relative performance of hikh volume was actually reduced; 0.5 kg ae/ha
glyphosato in VLV was js effective as 3 kg ae/ha in 1V in the slashed plots.
1.0 and 1.50 kg ae glyphosate in VLV also gave better speargrass control
on the unslashed plots. 
 Very low volume application of glyphosate was still
better in this trial. The aotivities of 0.5, 0.75 and 1.0.kg ae/ha.
glyphosate were in creased 3 
- and 4 - fold. All herbicides however, controlled 
speargrass to varying degrees - 58 to 9%.
 

Glyphosate at the rates of 0.75 and 1.0 kg as/ha in VLV, 
applied in the
early part of the dry neason, can now be reoommemed conveniently fir use an speargrass, even without an additional dry season aultivatlon. This willcost between 1130 and A42 per hectare to apply. There are various advantagesviz: application in the dry season which allows en .ugh time for additionalcontrol measurelin case nf any regrowth, the non-residual effect on crops,
and the ease of application in very lw volume which lend support to its
recommendation. It is also commercially available In Nigeria. 

Table H.III/3/6.1. EFFECT OF VOLU M OF APPLICATION OF GLYPHOSAT. AND 

POST-SPAYIEG SLASI;I1; ON SPEAlIGRASS 1WROWTH 

Spdargrass score (0 
- 10) at 18 weeks after spraying
 

Herbicide 
 Slashed on Unslashed Means
 
applied 7/12/77 
 3/1/78
 

Glyphosate 0.5 in VLV 
 1.50 2,00 1.750
 
" 0.75 1.50 
 1.50 1.500
 

1.0 1.50 
 0.50 1.000
 
1.5 , 2.25 1.00 1.625
 
1.5 in HV 
 3.50 
 5.00 4.250 

" 2.0 *, 2.75 2.75 2. 35 
" 4.0 U 1.25 
 0.50 0.875
 

Unsprayed control 
 8.75. 10.00 
 9.375
 
Means 
 2.722 2,667
 

Effeot of cultivation and time of application or, the activity of 
glyphosate on speargrass 

Glyphosate was applied on speargrass at 4 da'es (December through 
February) at 0.5, 0.75 and 1 kg ae/ha in 20 L H20 of water per hectare, and 
cultivated with 2  bottom furrow disc plough at 3 weeks after each application 
Z IJgral added to the spray solution of glyphosate. All the plots were 
disc harrowed before sorghum was sown in June.1978. 

* As 'Roundup' from National Oil and Chemical NPketing Company. 



Results and discussion
 

Results are shown on table H.III/3/6.2. Irrespective of time of application
 
or herbicide treatment, cultivation with double bottom furrow disc, reducad 
speargraes dry metter production considwrably in this trial. Reduction ranged' 
between 88 and 100 percent-mean of time and herbicide treatments. With the 
cultivation done in the first week of March, speargraes .was 
completely eradicated
 
en the unsprayed plots. Conversely, the highest speargrass production occurred on
 
the plots sprajed at this time when no cultivation was done. Speargrass control 
increased with increase in-the dosage of glyphosate. 

Cultivation in the dry season 1 allresulted in increased grain yield n 
tretmenti. Increase in sorghum grainyield ranged from 4 to 2LWo. 

.Cultivation irrespective of time of' post-spraying cultivation enhanced the 
aotiviV~pf the lowest rate (0.5 kg ae/ha) on speargrass, althongh the effect was 
differential. It was most enhanced on the plots, sprayed on 10/2/78 and cultivated 
on 3/3/78. The activities of higher rates were definitely enhanced when applied 
in late December, January and February. This effect on 0.75 kg ac/ha might be due
 
to drier cond-tions. 
Similar reasons might be used to explain the enhancement of 
the performance of I kg ae/ha glyphosate on speargrass by cultivation when applied
 
in February.
 

The aboye results sug,- st that application of glyphoeate in the early part
 
of the dry season would be most suitable. Additional post spraying cultivation 
to give a complete contr.ol of spearirFass might be required, especially with the 
low rate. ' However, where the nature of the terrain prevents the use of rtraor 
mounted implements, a hirher rate 0.75-i ae/ha should be applied in December in 
very low volume (20L/ha) with an additional wetter Agral '90' at 2% VLV. 

lble H.III/3/6.2. Effect of speariass cultivation on sorchumcrain yield (kg/ha) 

Dates of 
Spraying 

Dates of 
Cultivation 

Cultivation at 
3 '.' eks 

No cultivation 
after spraying 

Means 

af-tr spraying 

8/12/17 29/12/77 3077 2523 2800 
29/12/77 20/1/78 3313 2811 "3062 
20/1/78 10/2/78 2938 2832 2882 
10/2/78 3/3/78 3078 2487 2783 
Means 3101 2663 

http:contr.ol
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Table H.III/3/6.3. 
Effect of time of glkphosate applioation and pest
 

spraying cultivation on speargrasa shoot wt kg/ha

Dates of Dates of 
 Gliphosate Gl,;phosrtQ Clyphorate UnsprayedSpraying eultivation Means
at O.e kg * at 0.75 kg at 1.0 kg control
 
8/1.2/77 29/12/77 
 27. 5 
 8. 0 24. 0, 72. 8 33.08
8/12/77 
 366. 7 
 0. 0 
 28. 4 1118. 9 
 378.50
Means .
 197.10 
 4.00 
 26.20 595.85 
 205.79
 
29/12/77 20/1/78 
 44. 4 0.0 0.0 26. 0 
 17.75
29/12/77 
 - 386. 3 75. 5 
 1 95. 9 .1092. 2 412.48
means 
 215.35 
 37.75 
 47.95 559.40 215.12
 
20/1/78 10/2/78 51. 5, 97.'7 
 '0.0 0.0 " 74.6
0/1/78 
 - 206. 9 108. 3 
 0.0 925. 3 310.13Means 
 129.20 
 103.00 
 0.0 
 h62.65 
 192.37
 
10/2/78 3/3/78 
 0.0 
 0.0 
 0.0 
 0.0 
 0.0
1-/2/78 
 - 518. 5 
 470. 6 
 88. 8 1133. .1 
 802.75
Means 759.25 
 235.30 
 44.40 566..4 401.38
 

• kg ae/ha.
 

H.III/3/6. i! 
Imperata eradioation by dry seson cultivation
 

S. T. 0. IAGOIE 
Effect of time of cultivation on speargrass
 

... .............
 

Site : Mokwa.. 

Spear'rass inf~sted stips were cultivatedgith'single bottom furrow disc
on 6/12/77, 5/1/78 respectively, using 3rd low gear and maintaining tractor
 at 1600 rpm. 
Regrowth were sprayed on 20/4/78 before planting was ocne. 

Results and discussion
 

Prc-application scqre w.,- done until 20/h/78 in order to det..rmine the Veffect of time of cultivation on speargrass. 
Table H.III/3/6.4 shows the
percentage qpeargrass Jegrowth on 20/4/78. 
The least rega.ewth ,ocourred on
the plots ploughed in December, with speargrar:s rAgrOwth increasing as 
the
time of cultivation wes delayed in thu dry set son. 
This might be due to less
penetration as the sail dried, and rh zome dessication occurred for a shertpi

period as the time of cultivation was delayed.
 

Table H.III/3/6.4. 
Effect of time of cultivation on speargrass regr.wth.
 

Date of cultivation 

,1aspeargr, ss regrowth.
 

6/12/77 

5.5%


5/1/78 

5.c '
 

76/2/78 

3. 05 



- 46 -
Effect of length of top link and number qf discs and

tinm of dicc ploughing on speargrass 

Site • Mokwa 

Speargrass-infested 4re was cultivated at different times of the dry 
season (9/12/77, 9/1/78 and 9/2/76), using either a .single bottom or a
double-furrow disc plough. The lengths of the top links were also varied,
for the single-bottom-furrow disc plough 60 cm, 63 cm and 65 cm were used 
while 65 cm 67 cm and 69 were used for the double bottem furrow disc plough.
All t~hs treatments were, arrang d in a randomized complete block design anc. 
rep.lioated t7o times. Plot sizes were 5 cm vide and 10 m long. During
cultivation, tractor was on the third low gear and mainrtined on 1600 rpm. 
Speed wcss approximately 6 m/seo. 

Results 

Table H.III/3/6.5 shows the effect of the different treatments on
 
speargrass regrowth at 
10 weeks after the last eultivation.
 

Speargrass regrowth was lowest 
on the plots ploughed with single bottcm
furrow dieso in early December, resulting in 75.7, control at 18 weeks after 
cultivation. - Thls was best achieved with tap link length of 63 cm which
 
resulted in 850 eontro?.. 
 With the December cultivation, the single-bottem
furrow-diso plough 
waD twice as effective as the double bottom furrow dise

plough. However, as the time 
 of cultivation was delayed the differences in 
activity of both t pes of disco reduced. 
With the dorbie bottom furrow disc
 
plough, the best periormance oceclred in December when 69 cm top link length
 
w's used.
 

.Discussion 

From the above result, it is clear that speargrass eontro. is best
 
achieved with a single-bottom-furrew disc 
plough. Provided the soil is not
 
moist enough fof rhizome regeneration, 
 ea;rly cultivation is advantageous to
 
help the disc penetration nf the 
top lirii- length as manifested in the result
 
of this trial, for effective and stable p,,netration. 
Since in a trial conduct
ed on another site on this station, complete control was evcn-achieved when 
disc har.6wing aso followd the use of double bottom furrow dice, it is im
portant that the appropriate time of cultv:...tion and top link length be known. 

, double-bottom furrow disc might be effective in areas where the.depth
of penetration of the rhizome is mifiimal. 
 This might also be a function of 
the soil type. Where this is possible, effective control can be achieved 
with early dry se.. sdn cultivation using about 69cm top link Ion, t, for effec
tive and stable penetration. 
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Table H.III/3/6.5. Speargraes % regrowth as effected by the 

different treatments 

SING SINGLE DISC PLOUGH 

Top link length 60 cm 63 cm 65cm Mean 
Date of cultivation 

9/12/77 35 15 23 24.3 

9/1/78 23 33 45 
 33.7
 

9/2/78 
 61 38 35 44.7 

Mean 39.7 29.0 34.3 

DOUBLE DISC PLOUGH 

Top link length 65 om 67 am 69 om Mean 
Date of cultivation 

9/12/77 48 
 58 45 5c.3 

9/1/78. 65 73 5o 637 

9/2/78 100 63 50 71.0 

Mean 71.0 64.7 48.3 



7 -',
 

REPORT TO THE BOARD OF GOVERNORS 
ON.-THE iNSTITUTE'S WORK 

1977-1978
 

,D £1,1G COD J=,-

FARM SYSTEMS AND INTERCROPPING 
PROGRAMME 

Institute for: Agricultural. Research, Samaru 
Ahmadu Bello University 

PM B 1044 Zaria, Nigeria* 



1,
 

RIPURTX]NT, 	CQQPPTNQ SS= AND WEED CONTROL 
I.AR. PROGRAMIM "H" 

As in previous years the work under this committee will be reported 

under the threo heads; interoropping, rotations and fallows, and woed 

control, Additionally, this year, individual projects are reported under 

the new IAR programme coding and, where relevant, IAR trials. are reported 

first, followed by'State trials under each heading, 

Sub- roa ammo .I Intercro ipng
Pro~tect H.I ./2: Other cultural pratics and management 

: Sub-projleat H, I,/211 

To determine 	in'terropping practices in different ecological 
zones of the Northern Stat6a, and to explore the strategy of 
the practices. (R.Palmer-Jones; E.1!.I. Baker). 

One. of the eifficulties of working with crop mixtures has been to 

determine reasons why particular.mi'xtures areused. It has been relatively 

easy to 0how that soe mittures give Prester vilds than equivalent sole 

crops, but sech work h-s been based upon fixed ratios and, often, fixed 

sowing dates of crops in the mixtures. Farmers, howeler, do not adhere 

rigidly to patterns but vary sowing dates and ratios of.crops'in:mixtures, 

and may even substitute different crops depending upon the.fr aaeoseme t of 

economic and climatic factors. It is very difficult, if not impossible, 

to include all contingencies in formal experiments but thts"problem can

be simplified if we knew what farmers did in particular years and areas, 

What, for example, was. the sequence of op3rations of farmer A in one ydar, 

did he modify the sequence, and if he did, how did he modil4 the sequence 

in different years; how did this'comparm with f-armor B? I do not.beliUve 

we can ask tha farmer to-explain his atrategy but Indo believe that given 

enough examples we can deduce some common reasons, and thence to identify 

constraints. Our approach may be by questionnaire, info.rma interview, or 

a combination of.both, and I hope States will assist'by idaking it possible
 

for us to contact. ordinary farmers. 
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Sub-proect H.I.2/2 

. TO determine returns from-intercropping systomas when comipared 
with equivalent sole crop sy tome, and to investigate possible
improvements. (EJ.I. A3aker) 

(i). Gicoi interoronpinpg with groundnuts (E.F.r. I.aker) 

Experimentp comparing sole crop groundnuts with groundnuts inter

cropped gicci with cereals have been done at TAR since,1974. 'The first'
 

phase of those experimentis has been. completed pndL rpsults are summarised 

below.
 

Table H./ .
 
Yield of gr-undnuts as unshellod nuts in kg ha"
 

/,1
 

1974 1975 1976 Mean
 

Sole grournut ., 

Sole groundnuts, close gaps 
Sole-groundnuts, wide gaps 

3219 
3138 
3381 

837 
797 
.976. 

'3466 
3002 
5157 

2507 
2312 
2505' 

With maize, close 
With maize, wide 

. . .. ... 2228 
2629 

.704 
904 

. 2939 
3293 

.1957" 
2275 

With millet, close 
.Wit...millet, wide 

2447 
.2323 

708 
673 . 

3621 
3130 

2259 
2042 

With sorghum, close 
With sorghum, wide 

2609". 
2515 

668 
767 

'1811 
2302 

1696 
1861 

With maize/millet, close 
With maize/millet, wide . 

2254 
2974 

667 
737, 

3048 
2829 

1989 
2180 

With maize/sorghum, close 
With maize/sorghum, wide 

1954 
2695 

638 
803 

2256 
2675. 

1616 
2057 

With millet/sorghum, close 
With millet/sorghum, wide,. 

2257 
2961 

603 
'733' 

2693 
3030 

1851 
2241 

With maize/millet/sorghum; close. 
With maize/millet/sorghum, wide 

... '21.75 
2316 

'.".701 
862 

' 2866. 
2693 

",191A 
1957 

Sowing sole grondnuts:with close gaps (every 1.37m.) or wide gaps 

(every 2.78m.) did not significantly :.dffect groundnuit yields. Thus mean 

sole groundnut yield, over all years, can be taken as 2441 kg..ha,-.! "Sowing.
 

cereals in these gaps significantly reduced gronmdnut yields, although only
 

in 1976 did one cereal, sorghum, reduce yields more than the other cereals.
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Thus, mean yield of groundnut, over all years,. when mixed with cereal
 

1992 kg. ha -I , a lojs of 18.4%. However, sowing cereals at close was 

ha 1 , a loss of 22*20%;spacing reduced a groundnu, , yields to 1898 kg. 

at wide spacing; this reduced groundnut yields
compared with sowing cereals 

to 2077 kg. ha "1 , a loss of 14.9%. 

as ground-Using the gicci system, with. cereals sown at the same time 

nut,' does reduce' groundnut yields.aignificantly. However, this re" -.tion 

account yields, and value of
in yield, and value, does not take into 

cereal yields obtained overyields; of the .cereals. Table 2 gives moan 

the three year' of the exporiments. 

Table 1.I.12 

Moan yields of cereas (1974-7Q.. from icei goindnuts. in_ kj. Cain ha 

Maize Millet Sorghum
 

Maize, close 11'55 
*622* Maize, .widea. 

Millet, close 1209 
643
Millet, wide .
 

1619Sorghum, close 888Sorghum, "wide 


Maize/illet, close 421 814.
 
311 .362Maizi/millet, wide 

taize/sorghum, close 514 914 

Maize/sorghum, wide 196 364 

586. 796Millet/sorghum, close 
543 340Millet/sorghum, wide 

350 838.. 515Maize/millet/sorghum, close 

204 392 213
Maize/millet/sorghum, wide 


are added to the value of theIf the values of the groundnut yields 

with the value of solo groundnut, a clear
cereal yields, and compared 

picture of the superior income from the gicci system over sole crop ground

nut eerges. Table H.I./3 gives gross cash returns using cash values fo, 

each crop that obtained .in 'each year. Value of groundnut is .70 of the 

each year.Marketing Board price for shelled nuts in 
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Underlined in the table are those gross returns which wore lesE 
than those from sole crop groundnut, although over an years there was 

never a return less than solo crop groundnut. Of the three yea= 
underlined, onlsy one gave a significant decrease of return, the other two 
wore not different. Thus, since there were 42 opportuniCier. (14 mixture x 3 
years), the farmer can expect a loss once in 42, a negligible, risk. 

Over all years the gicci system, with cereals sown at the same time 

sAs groundnut, significantly increased cash return, and averaged 27,7% 
gain. This average gain can be increased to 39.4' if the cereals are sown 
at close spacing. The average gain from using one cereal at close 

spacing was 37.8%; fr6m using mixtures of two cereals at close spacing 

'wa 36.2%; and the average gain from using all threp cereals in the 

mixture was 53.7%. 

Table H;I./3
 

Gross returns inNaira for sole groundnut'and roundnut
 
grom under thegicci sstem with cergals
 

1974 1975. 1976 Mean 

Sole grouidnut 341 152 562 352 
With maize, close 
With maize, wide 

471 
410 

209 
199 

570 
603 

416 
404 

With millet, close 
With millet, wide 

649 
425 

i53 
129 

8W 
668 

536 
407 

With sorghum, close 
With sorghum, wide 

413 
345 

273 
220 

823 
669 

503 
411 

With maize/millet, close 
With maize/milet, wide 

632 
514 

159 
.. 159 

680 
5 

490 
409 

With maize/sorghum, close 
With maize/sorghum, .wide 

365 240 
206 

751 
577 

452 
373 

With millet/sorghum, 
With millet/sorghum, 

close 
wide 

503 
451 

200 
174 

784 
673 

496 
433 

With maize/millet/sorghum, 
I.ith maize/millet/sorghum, 

close 
wide 

639 
424 

205 
199 

781 
609 

541 
411 
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both cereals and groundnut werethbg.4 experimentsHoevr; since in 

sown.at the .same time, when the rains had established, and there was no 

at wide spacing, it is relevant to ask if the farmer need o sow cereals 

would-gain more by sowing part of the +,otal area to sole groundnut *]A 

the cereals, at close sapaifpg,
part. to sole :cereals. in those experiments 

Thus to sow the same area to solo 	crops
occupied $6.5' of tho lnd, 

Table H.I./4 gives83.3% must be to groundnut &nd 16.7%to cereals. 

rea to solo crops for the throe 
gross cash-returns from:growing the' same 

years of the experiments. Groundnut yields are those from the sole crop
 

Since sole deirals were not used good average yields
in the experiments. 


for millet (1500 kg.), sorgum (2500 kg.)', 	 and "mze(5006ke.) were wed 

for each year. 

Table H..L/4 

equivalentEstimated gross cash retltrns in IThira from 
areas of sole crops 

Crops 	 1974 1975 1976 Moan 

426 237 725 463Groundnut, maize 

380 191 606 392Groudnat, millet 

388 199 656 414Groundnut, sorghum 


402 213 666 427
Groundnut, maize. millet'# 

407 218 690 438
Groundnut, maize, sorghum.* 

Groundnut, millet, sorghum 	 385 196 631 404
 

398 209 664 .:424
Groundnut, maize, millet, sorghum 


Equivalent areas of sole crops always gave greater returns 
than sole
 

always gave appreciably
crop groundnuts. However, the best gicci mixtures 

Further, because cereals, as greater returns than equivalent solo crops. 


a sole orop, are sown at a high population, note must be taken of 
possible.
 

total 1oss due to drought. A factor.of negligible importance at the 

spacings "used under the giooi systdm"
 

The second series of experiments, designed to follow the..farmer's•
 

gicoi system more closely, by varying sowing date of cereals, was 
initiated
 

in 1977. Cereals *verefirst sown on 10th May, the day after the first 
rain
 

finally cereals and 
at Samaru; the second sowing was 	 on 20th May, and 

http:factor.of
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and groundnuts were sown together on 7th June, when the rains were 

adjudged established. All cereals were sown in the furrows, at 1 37m. 

spacing; at the final acwirn date superphosphato was applied in'the furrows 

at 250 kg. ha "1 , all ridgee split and groundnuts sown at .23m spocing 

along the ridge. Whore nitrogen woo applied as a treatment to the cereals 

it was as urea at 17.3g per stand, equivalent to 178 kg. ha'I and was 

applied at sowing of the cereal in each case. 

Results, in terms cf yield and value, are given in the following 

tables. 

Table H.I./5 

Yield of maize, as kg. grain. groundnuts. as kK. 
unshelled nuts and value in Naira ha 

Treatment Date Cereal Sown
 

10 May 20 May .7 June 

Yield V Yield N Yield V 

Maizi 288 37.4
 
Groundnut 1980 346.5 

Maize + N 731 95.0 
Groundn-t 850 323.8
 

418.8 

Maize 273 35.5 
Groundnut 
 2130 372.8
 

408.3 
Maize + N 472 61.4
 

Groundnut 1870 327.2 

388.6 

Maize 
 105 13.6
 
Groundnut 2245 392.9 

406.5 

Maize + N 
 380 49.4
 
Groundnut 2000.. 350.0 

399.4
 

SOLE GROUNUT . 2257 r 
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Table H.I./6 

Yield of millet, as kg. rrain=.u.dnuts. as kg unshelled 

nuts, and value in Naira ha. 

Date Cereal Sown 

7 Juno20 May10 May 
Yield N Yield N Yield v 

Millet 280 50.4 
Groundnut 1600 280.0' 

330.4 

Millet + N 400 72.0 
Groundnut 1380 241.5 

313.5 

Millet 515 92.7 
Groundnut 1990 348.3 

441.0 

Millet + N 527 94-s 
Ground nut 1770 309.8 

404.7 

51 9.2Millet 

2180 381.5Groundnut 
390.7 

27 4.9Millet + N 
Groundnut 2160 378.0 

382.9 

2257 395.0
SOLE GROUNDNUT 



8
 

Table H.T./7
 

Yield of sorghum askg. g ain. gro.ndnuts,. as ks. 
unshelled nuts. and vlue in Nairn ha. 

D'ate Ceeal Sown -

Treatment 10 May 20 May Yiel7 u " 
Yield N Yield Yield
N N 

Sorghum 2135 
 384.3
 
Groundnut 
 745 130.4
 

514.7
 

Sorghum + N 2400 
432 .9
 
Groundnut 
 870 152 .2
 

484 .2
 

Sorghum- 1906 343.1Groundnut 1200 210.0 

553.1.
 

Sorghum + N 2881 518.6

Groundnut 890 155.8 

674.4
 
Sorghum 


1204 216.7
Groundnut 

1650 288.8
 

505o5
 
-'orghum + N 
 1117 201.1Groundnut 1680 294.0
 

495,1-"
 

SOLE MOUNi'NT 
 2257 395.0 

The first point to note is the similarity between results from this
 
experiment and 
 thooe from the earlier series when cereals and groundnuts
 
were sown at the oame time. Groundnut yields were roduced an average of
 
12% due to the presence of cereals, the greatest reduction being found when 
sorghum was the cereal. However, rainfall in 1977 was the lowest on record 

for Samaru, the drought at the beginning and middle of the season baing 

drastic. This early drought is reflected by the poor yields for maize and 
millet, whose shelling percentages were reduced to 4% and 25% respectively. 

Sorghum, whose grain forms and matures on end of season rainfall, produced 

an excellent yield. 
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Although (7oundnut yields. when ceroals were sown at the saae time 

differed only slightly from sole crop yields, except where sorghum was the 

cereal, a very different situation occurred as the cereals were sown 

earlier. Groundnut yields were reduced an average of 36% when the 

cereals wore sown 4 weeks earlier, the devee of reduction being related to 

the cereal sovio. Mean groundnut yield reduction when maize was sown 

early was '.4%, when millet was the cerea 33%, and a drastic 66% when 

sorghumnwas the cereal. Although difference were rarely significant yields 

were further reduced when the cereals were fertilined with nitrogepn.1 .I 

The difference -between the cereals in their effect on groundnut 

yields is readily explained. Both maize a d millet competed with 

groundnut during the ea'ly part of the season. The extent of the oompet., 

tion depending upon the early vigour of the cereal. Millet, which is 

very vigorous in early growth and, at"the low population'sown, tillers 

profusely, competed more with groundnut than did maize. Maize is less 

vigorous and does not tiller. The degree of competition lessened as 

cereal sawing date was delayed and this was reflected 1-n increased 

groundnut yields. Sorghum, although slow growing early in the season, 

competed very vigorously with rroundnut late.in the season during pod 

fill and maturation, with cousequent drastic reductions in groundnut yield. 

State trials• 

A series of trials were initiated at 17 locations in 1976, and 

continued in 1977. The locations were: 

*Gwarso Maigana Oturkpo
 

Malam Maduri Saminka Keffi
 

Gusau Sabon Birnin Gwari Wawa
 

.*Talata.Mafara Daura *Okta
 

*'Kaura Namoda Kafinsoli,: Mbatie
 

Bida Batsori
 

(*Iogboo not returned from 1976 or 1977).
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ach, tialoonsistad of i replicates of .six treateents, uhioh vere: 

:. Sole groisndmit4 

B! - roandnuts with sorghummillet at wide (2.74m) spacing 

C ," ", maize at close ,.37m) spacing 

•D 	 * i t /4llot at oloeso'spacing 

E A" =Suuise/forh= at c.lose qpoing 

S 	 . taize/mille/sorghum atoloae spaing 

ith benlata (approx. 3kC. benlateThree replicates ,w-rn sprayed 

vero sprayed. Benlate
In 380 litres vator.hap), three replicates not 

fertilised with superphosphate
was not available in ,1977. ,Groundnuta vard 

at 13 kg. ha , oorel with2.28 gr. H/ohalk p*r stand (225 kg. ha'l)o' 

dried haulms, areGroundmit yiel., as kg. unsholied nuts and kg. 

not
Aven. in"the followinm tables,. Yiolds from locations marked * are 

inludpdin the Pean., 

Table R.I.18 

uneravd Soundnuts.ields.of ai kg, unshlled nut' ha 

A B C D .E F 

283 :30 233 237.,316 .266Bateori 

1406 $145 1065 .884 874 1256Kafinsoli 
1098 987 1105 t10" .!.1193..980 

884 700 .744 
Saminaka 

.'906 - .818, 384 

Wawa 1396 .1547 1273, -


MHij guxf 1333 1700 1200 1367 933 767
 

Daura 

--950 844 -Maigana 1977 1196 


1900 1400
OuDau 2433 1767 1500 2067
 

533 483 567

Sabon Birnin Gwn,. 633 . 667.. 550 


1142 1451 1407
Bids 1355 1407 1525 


195 • 139 155 13 121 '133
Bids 1977 

88' '729' 464 486'- -354 ,1002


Nbatie 

12 67,. 1467 1167 1300 1333 1200


Keff 

Ke ,.. ,918 .- 796 77e .690, 814 
Roa mied 800 - a loss of 16,0 



TAble 1-'iT/P
 

Yield '6f uztwed groW 7t .as k unsheofed nut ha ,
 

A "B 0 D. p 

Batsori. 383 266 466 433 450 366 

Kafiaoli 1065 1406 1145 914 522 1266 

samiiaka 1540 1208 .1687 11,64 1422 1238 

Daura 1157 825 1031 994 1017 818 

Vawa * - - - 2296 2370 2423 

Maigan a. 1767 1367 1300 1567 2000 1033 

Gusau 1900 1867 1667 1767 1933 1767 

Sabon.Birmin Gwari 767 683 667 700 600 73" 

Bida 869 442 1204 1149 1746 1657 

batie 457 589 435 :..250 442 508 

Keff.* 3717 3tOO 2467 2833 2583 2017 

W4EA.- t362 1%75 1257 1279 $371 1257 

Mean mixed 1049 - a loss of 4.7%
 

"
 
yield of unsprayed driod groundnut haulms in g ha7 


A B" ' D . 

Batsori 2533 2300 2267 2133 2200 2267
 

Kafinaoli 1800 1790 1660 1850 1720 1950
 

1761 1599 1687 171 6 1311
Saminaka 1525 


184? ,.621 1400
Daura 2320 2247 1731 

Wawa * 10947 5611 5500  -

Gu~u 2010 1672 2437 AO55 2041 2255
 

'SibonBirnin Gwr.-. 767 767 
 833 767 800 1067 

2291 1952 2092 2144 1960' 1761Malam Maduri 


2158 2262 2483 2836 2394
Bida 2527 

Bida 1977 900 569- 594 573 8,80 624" 

Matio 1370 1024. 1274. 1061 1134 1053. 

Keffi 950- 792 762 725 708 717 

-lossMean mixed oi 9.2% 
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Table H.I./11 

Yield of amad atied ,a;ondnut-haul. in kg. ha7 1 

'A B C D E F' 

Batsor 2500 2417 2217 2?67 2433,. 
Kafinsoli 3160 2597 2110 1983 2087 2120 

Samihaka 1436 1341 1812. 1658 2011 1554 

Dau.b,. 2836. 3020 2726.. 2320 2394 1510 
wea *.... 7350 3137 7199 

2276 2521 2026 2166 2291Gusau 2136 

Sabdn Birnin Gwarn 1400 $733 1133 1300 1633 1033 
MaldaMaduri 1.7(2 1657 1901 1820.. 1348 1488 

Biaa 2519 2416 2785 3057 3610 2718 

batie 1238 1510 1400 1238 1753 1805., 

Keffi 983. 875 875." 858 808 825. 

MEM 1991 19 '9"98 1%4 .. M "1778 

Mean'lixed 1913 - a loss of 3.9A 

Mean loss of unsprayed groundnuts over aUL locations when mixed with 

cereal was 16.0%(compared with 18.0%loss over allyoars of the IAR tTiali). 

If sprayed, the lose reduces to 4.75. The picture was similar for baulm 

yields, 

Maize falld at.,8 locations, mil)t nd sorghum each. failed at 7 

locations. From tho 15 logbooks so far recoived (13 for 1976, 2;-ida and 

Malgana-fo 1977).. 

•Mean-cereal yielde (moan taken over all 15 locations) were:
 

Unsprayed atize 159kgi millet .74 kg; sorghum 89 kg.
 

.prae.. 116kg; .38kg; 73 kg, 

There wer .many reasons for the failure of cereals, ranging from .drought to 

eaten by rodents or.nonkeys.. Despite having failed at more than hilf the 

locations, maize was a promising addition .to the other cereals for .this 

systen. 

It is hoped to. continue this series in 1978, but this ny only be 

possible if States provide pron4ndnut seed. 
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In g:.or'l summary these trials have shown (when good management 

returns than
is appliod, ans at IAR) th-t the system gives rrater gross 

sole cropping. nven at State locations, whre managemant may be poorer 

there was no real loss of revenue.than that of farmers, 

at IAR, whore sowing date is
later series of erperimontHowever, the 

shows that the real value of the system is its
included as a variable, 

losing all the cerealssow groundnuts withoutflexibility. The farer can 

he can sow very early cereals and
he would have sown on that land; 

do badly*
option to grow more corcalh. should those early sown

retain the 

He has, of 
or groundnut if :e is satisfiod with his early cereals. 

early cereals and
other ocbinfationfl, dea .nd...juon his 

redue 
course, 	 crops 

r
estimatod sellingjpic.s of 

the gioci system .I do not believe it realistic to 
yield .,f groundnut from 

grow solo crop groundnuts,
or oven to try to persuade, :armore toexpect 

subsistence
oertainly 	not whilst his production efforts are geared to a 

risk stratqg. 

with all mixtures of 3 varieties ,of maize, 2 
(ii) Cereals intercropip 

9nd one of sorghum have baen completed at IAR. Results 
varieties 	of millet 


gain from mixing associated with differencea. in times to

indicated 

at State locations
A series of large experiments were initiatedmaturity. 


Each trial consisted of six main

in 19 6, and continued in 1977. 

treatments as follows:
 
6 a.imze varibtlbs-gown sole* hi 'mixd with
 

(a) 	 a standard aillet and (b) a standard sorghum 

variety.
 

2. 6 millet varieties grown sole and mixed'with 

(a) a standard maize and. (b) a standard sorghum 

variety. 

(a) 	 standard .. 	 6 varieties of sorghum mixed with 


maize variety and (b) a standard rAllot variety.
 

Because of the complexity of these trials attempts wore made to both.
 

DesIto feasible' scheduling,

sow and--hrvest then by IAR personnel. 


fuel shortages, and mismanagement.
ng stafMfactors such as evogLC 


have meant that pany tials were sown later. Ib is not intended to
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Oontin this ories bocause of thes diffioulties,, 2ho triala were 

sown at 16 locations which were: 

Tell K .chi 

Bid% anaza 

Isanlu Bokkos 

0nu--aran .mkshin 

Alapa '"Kafinsoli
 

Yandov " Panda 

Sabon Gida Kano 

Mokwa Idamnua 

Results, from those logoooke available, ore given in "thefollowing Tables: 

Table H.I./12 

Ear' t. aize vnrictioa in kg. hl 1 grown sole 

Samnru Mokwa Yandev Alapa Onu-aran Panda Mean 
Boo Local 5545 4234 3332 3725 3305 .3065 3968 
S12. 8030 4015 1.723. 5108 1311 5108 4216 
UV.E 3066 2212 1923 '967 4266:.. 269V 

.NOB 4616 1434 2524 4097 2524' 3039 . 
0 96 7t29 4561 1475 1382 4425 3365 3723 
TZA.1 6774 7456 1472 1863 4561. 3185 4219 
TZa 2 5381 5381 

TU 3 4889. J8 

3769. 

Tablo H.I./13
 

Hoad wt.maize varietias in kg. hafgiown 
nixeod with ox Borne millet 

San.aru Mokva Yandev- Alapa Omu-aran Painda Mean 
Bomo local 5545 2786 3332 3727 3742 1562 3449 
S 123 7538 4370 '218 2764-- 929 .2884 3284 

UVE 2242 2240 1743 2404 .2464 .2219 
NOB 3 1256 .5982 4326 33103906 1082 
0 96 6746 3346 '1666 733 5625 2404 3,20 

7A 6966 7101 1366 96i 3687 23;3 Y737 
TZA2 5927 '5927 

TZA 43 5463 
3399 

Mean ex Borno nillet solo 2356 kg. 
Moan ex Borne millut nixed 2353 kg. 
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Ta le H.I ,4 

ar vt, maize. varieties Srown solo kg ha, 

Sananu Mokva Yandav Alapa Ono-aran Panda Mean 

Bono local 8276 285 1 3305 4687 4916 3706 4637
 

S 123 8358 5681 1803 5708 628 3846 4337
 
UVE 1721 1038 2944 2322 3185 2242 

NCB 3400 1475 2343 4971 2704 2979 

0 96 8085 1562 1803 3245 5927-. 3435 4018 

TZA 1 7566 5230 2513 1562 4998 4867" '4456 

TZA 2 6992 6992 

TZA 3 60916091 
3997
 

Table H;.1 

Hand wt. maizo varioties gTrown mixnd with .SK 5912 sorghum 
oxcopt at Panda whoro RZ I was used. in kg ha 

SnnmU Mokwa Yandov .lapa Oati-aran Panda Mean 

Bono local 7757 3187 2944 3665 42611 5W68 4497
 

S 12?1 8904 5304 2103 2644 1338 3004 3883'
 

WE 1229 1857 2524 2731 1983 2065
 

NOB 3420 1748 1382 6063 4146 3352
 

0.96 7538 2696 1967 2704 3469 3125 3583 

TZA 1 8522 4752 1639 721 4862 4326 4137 

TZA 2 5681 I 5681 

TEA 3 7456 7456 

3801 

Moan SK 5912 sole 1885 kg.
 
Mean SK.5912 mixed 1988 kg.
 

Table H.I./16
 

Head wt, sorrim varietios sown sole in kg,* ha 

Mokwa Yandev Alapa Onu-aran Panda Moan 
C 74 3250 691 1502 1939 1346 
Local 5244 1232 1322 1775 2393 

MPBL $065 1202 739 '1502 1128 
ML 4 2540 1.472 1863 2130 2001 
F.D. 1 5080 1652 2404 $666 2701 
SK 5912 410 961 781 1174 832 
YG 2764 
A 9025 2944 
500 210M3 
Kano LA 4086 
Kno L,-1 2644 
RZ 11 4266 

1969 



500 

16 

Table H.;I./17 

Heia- irt. soi~hu2 vkrietla :aown mixed wih -6maizeexcept 
Pa r, hwgrrBoo looal'was used in kg.-ha-

Mokt Yandev Alapa Oau-aran Panda oan 

0 74 4425 1304 1682 1775 2297, 

104- 6036 3185 1C22 1475 2930 

FFBL 1666 1270 901 1557 1349 

RL 4 3633 1240 1622-' 1584 2020 

FD 1 393 1192 ..2824 1366 2329. 

SK 5912 .- W7 . 1863 2 1067 

YG 824 

A"902-5 45017 

50 :4507 

K~i6 LA 4326 

Kanx L1 3425 

RZ I 4326 
,?396 

Mean mize sole 2338kg. 

MGM maize mixed 2674 kg. 

Table H.I./18
 

-

Head wt. sorun wirietias grown sole in Kg ha 

Mokwa Yandev 	 Alapa Ouu-aran Panda Aean 

1 . " -22704 2387C 74 4261 961 
2309Local 3906 :'...484 .1202 2644 

FBL 1065 t015.. 2584. 1622 1572 

2291W4. . 2813 1124 174., 3485 

FD.:1. 4725 1304 1562'. 2464 2514 

1790K 5912 519 .991 2043 3605 

.1863YG 
2223
A 9025 

2283
 

-2283
Kbno LA 
1622
Kano LB 


208Z
$
Z ..


2094 
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Hoad wt. sor.ISI M variptios Fjown nixed with or Bornc
 

miloet in-k"
 

Moka Yandov 'AIlp. Omu-coran Panda Mean 

C 74 4698 709 2404 2343 	 2539 

2'728
Local '47,52. 691, 3004 2464 

2027FFBL 3845 1106 1803 1352 

HL4 4261 823 2043 1508 2159 

FD 1 5244 1082 2464 2085 2719 

225B8877 2163; 4867 

YG "1.23 

3906 

SK 59T2 1123 


A 9025 

1622
 

2223
Kano IA 
2103Kano LB 

1502
IZ 1 

2367
 

Moan or Bobro solu 2614 kg. 

Man. or Boro mixed 2291 kg. 

Results hav. not bon ... Dea-$r..nillet Ims nqt yet boon extracted. 

analysed and it ii prom"turo to draw.conclusiorA. Howover, maize appears 

iord whon grown mixed, particularlyto show a consistent reduction in 

sown so if grown with millo4 Two varieties, NCB and TZA 3, showed gain 

with both millet and sorghum. 

Sorghum varioties, overall, showed a consistent trend to yield more 

nixed than when sown solo..
 

(iii) ereals ard co a (L. 	 oror . .Bor) 

Four experimonts were done tnder this head. 

(a) 	 *One was designed to obsrve growth and yield of an or.ct (RvU 4551) 

as plant density changed both sown solo undand a prostrate .(1696) cowpea 

not been oxtrxctjitrder maize .varietias of diffarent durations. Data has 

IbUi ;the genral effeqt. of increasing: plant popIation was to reduce the 

and tertiary brnohes. This 	reduction was accentuatednumber of secondary 

by the presence of cereals.
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(b) The second oxperimentdesigned to invostigate yield response of 

eight cowpea varieties sown solo ard'under five different cereals, failed. 

Neither mixed nor sole cowpoa were spr d against insect posts, and 

neither yielded grain. 

The two remaining experiments wtre designee to investigate the cowpea 

plant tpe best suited to mixing with cereals, and to observe the physio

logical response by cowpea. to shade.imposed. by a canopy of sorghun. 

(c) Two varieties of sorghum, SK5912, lax .leaves at 600 angle to the 

stem, and 13P.9,eroct loaves at 450 angle to the stem were sown at 30 

May 1977. Two .varieties of cowpea, Ifo Brown, er.ot, and 2479 Prostrata 

and::'sproading, were sown sQle and with the sorghum on 19 July 1977. All 

wore sprayed a~pinst inseot pasts with DOT/BHC at weekly intervals from 

flowering. 

Results.ge given below. 

Table H.1.120
 

Yield and Yield Components of Ife Brown and 2479 Cowpeas 
sole und mixed with sorghum varieties SK 5912 and 1389;, 

and grain yield of sorghum. 

1
SEED SIZE SEED pOD PODS SEED 
- ) PIAIT YE, 1i SORGHUM(a.1000 seods (kp~ha. l1 yICTLD 

r Ioo Brown with 116.5 8.0 6.5 723.0 
with SK 5912 121.2 6.3 4.4 147.2 2715 
with 1389 127.5 7.6 6.7 371.7 1665 

Mean Mixed Ife Brown 124.4 7.0 5.6 259.5
 

2479 Sole 179.1 5.4 5.3 349.2 
with SK 5912 158.8 7.8 3.6 233.6 2096 
with 1389 179.3 7.9 2.4 196.7 1786 

Moan Mixed 2479 169.1 7.9 3.0 215.2
 

'Be + 24.2, .9 -1.3 122.5 

Mean mixed with SK5912 140.2 7.1 4.0 190.4 2406 

Mean mixed with 1389 153.3 7.8 4.6 284.2 1726 

Ife Brown cowpos. appeared to be sensitive to light intensity in that 
I % . 

yield and. all yield components wore improved by sowing under sorghun1389, 

which allowed 18E more light to reach the cowpoa bocause of th6 erect 

http:Results.ge
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loav3s, compared with sowing under SK 5912. This response was not obtained 

by cowlea 2479, e4opt for seed. size. 

Despito the zeduced yields of cowpea due 'to nixing with sorghua, the 

total'returnfror 'ixing is greater tha. that.from sole crop cowpoa. 

Aff 2"3(77) 

.In the socond experiment Ife Brown and 2479 cowpoas wore sown on 19 

Julyiuder an established, crop of .f 591 sotr. icsb-tf 3t MW" or here"M" 

sorghum was planted, sown solo. Sorghum was rorovod leaving the cowpoas 

as a solo crop depending on the growth stago of tho cowpeas or not ronovod 

A jU. tRlot design with four replicationsin the case of tho control plots.. 


was used with varieties. aswholn plots and, t t!wijts.1as sowpea
sub-plots. 

Cowpoas were, 'pruydtwi-th-UT/BHC at -weekly intervals -beginning at.iirst 

flowering.
 

Cowpea growth stage at sorghum :removal: 

First flowering (FF) 

50%Flowering (50%) - 5C% of the plants in each plot with 
flowers. 

100 Flowering (100/) - 10D% of the plants in each-plot with 
flowers. 
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Table H.I./21. 

Yield and Yield Conpunont of Ife Brown and 2479 
CowPoas solo and ulxed with short Kaura 5912 sorr4hu_ 

SEED SIZE POD 1 PODS SEED YPLD 
- 1).. (.1o00 seedd IE 1j.h PLANTS7-

Ife Bxvwn Sole 

Sorgh.im removod FF 
50% 


S100 


Sorbghum not reovod 

2479*Solo . . 

Sorghunenoved k? 

50% 
1 c 


Sorghun not romovd 


13-. 4 6.3 6.0 1441,1 
141.9 9.8 .'.4.4 359.6 
142.3 8.1 4.3 218.6 

..126;0- .:'7.3 23 •66.3 

125.8 7.5. 4.8. 217.3 

17012- 619: 5.5 717.9'" 

184.3 5.8 4.9 205.3. 
200. 5.0 3.3 28 .8 
147.1 6.4 2.9 203.2 

161.4 7.7 2.0 92.5
 

(SK 5912 yioldod 3453 kg with. Ifo Brown and 3067 with*2479). 

N,,oded Rer sten 

Solo Cowpeas 


S Sorghun removed FF 
50% 

1oo 

Sorghun not removod 


Table H../22" 

of Ife Brown and 2479 

Nu ber Nodes per Stem 

Iro Brown " 2419 

16.2 21.2
 

8,2 11.3 
8.3 12-6 

7.0 

9.0 9.4
 

Moan oT cowpoas Crown with 
sorghum 8.1 11.1 

% o± Sole 50 48 

http:Sorgh.im
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Reoving the sorghum crop before i00C flowering of the cowpo 

increased sood size in both varieties, seeds per pod in Ifo Brown and seed 

yield in 2479 (Tabjc H.I./20). Fewer pods per plant for th .mix-orQpped 

oowpeas may have resulted from fewer nodes per stem (Table H.I./22) in
 

hose two .varieties. Shade caused a 5Vp reduction in the number of nodes 

per stem thus fewer sites available for peduncle and pod formation and fewer 

pods per plant. 

Although a slight yield gain was realize.from the early removal of
 

to grow as a sole crop during reproductive
sorghum and leaving the cowpoa 

growth stages, yield was not up to that of the jolo crop. Number of nodes 

per atom were set during vegetative growth stages so pedunclo formation 

was liited to those nodes. Perhaps earlier removal of sorghum my be more 

beneficial to cbwpoa yield. 

Cowpoa yiolds 'wore:very muchreduced by the shade imposed by a 

sorghum crop. Possible compensatory meohaniis of the two cowpa- varieties 

tested are seed size and seeds per pod.
 

IV. Sorihun wooa Intercropping (B.Kaig 

This experiment started last growing season aimed at comparing the 

performance of a cereal-cowpea mixture against sole crop cereal -nd sole 

crop cowpea. Two sorghun varieties, HP 3 (short and early maturing.) and 

l!a.e maturing) were grown sole and intercroppod with twoYG 5760 (tall and 

.cowpea .plant types, '2479' (spreading) and '341' and '29' (both semi

erected). All plots were four ridges wide and six metres long. In the 

intercropped plots sorghum was planted on the two inner ridges and cowpea 

on the outer ridges. Treatments were arranged In randomized complete blocks 

replica'ed six times. Half of the field was sprayed while the other half 

half was unsprayed. Votox 20 was applied at 1.25 gallons-in 50 gallons of 

water/ha/application, with six consecutive applications at weekly intervals, 
................................. 

starting ton weeks after planting.. Yields results are given in "tho table. 

below.
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Table H../23. 

Sorghu .grain yiold when grown solo and inter
crorm&od ith cowipea varieties (krjha). 

Sorghim Vaviety.*
Cropping Sy t n" 5760 : 

soe. 236 1238 1787 

Intercroppod: 

with '2479' 3180 1626 240. 

2581 1545 

".i ?291 3350. 1965 2658 

MEAN. 2862 . 1594. 2228 

YG-5760 significantly out-yielded H.3 when grown sole or inter

cropped with oowpea. Both varidties yielded moro when interoropped with 

cowpea than when grown sole. On thq average, YG-5760 gave 701 k9/ha (30A) 

and HP-5 gave 474 ks/ha (..) moro qrain yield when intercroppod than when 

grown as a sole crop. Howevor, these differences 'though 'soomniigW.'.a-ge, 

were not significant. 

Table H.I./24: 

Seed yield of sprayed and unsprayed cowpoa when grown 
sole and intercroppod with sorghun /jha) 

Treatment. Cowpea '341' Variety '29' MEAN 

'2479' 

SPRAYED: 

Solo 101.4 1590 978 1194 

with HiP-3 1499 1827 1169 1496 

wiA.hYG-5760' 1827 i115 1173 1377 

Moan 1447 1511 . 1173 1377 

UNSflRAYED: 
3Solo 676 62159 649 


with U-3 .1115 548.., 6%. 774 
with YG-5760 914 566 420, 633 

Mean 856 597 576 676 

MEAN 1151 1054 874x. 1026 
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'2479' gave about 7Z" (560 kg) mere yield whon-irtorcroppod with 

5760 than when 'gion as a sole crop. Intorcoppingoither HP 3 or YG 

'341' with H? 3 did not affect seod yield but yield was depressed by about 

26% (292 kg) when it was intororoppod with the tallor YG 5760. '29' Gave 

only very slight increase in yield (about 10c) wben intercropped with either 

highly significant differences in yieldHP 3 or YG 5760. There were 

sprayed and unsprayod plotsfor all three varieties whongrown solebetween 


or inter ropped (see above table)
 

V. 	 Sor hu-Millet Intercroping (73. Kaigana) 

to determine the optInunThis oxperimnt started in 1975 was designed 

sorghum varetoy HZ 1, when planted solespocing for the intermediate season 

and when interoropped with millet at Kano. The spacing tested were 20, 30 

and 40cm between stands on ridges 75cm apart. Plots wore four ridges, six 

metme long. In the intercropped plots sorghum was plantod on the two inner 

ridgs at one of the three spacings and the two outer rows were planted 

with Ex-Borno millet at 30cn. spac'ng. Treatments were replicated six 

tis and arrangod in a latin square. 

very low. This was due to poorGrain yield from the 1977 crop was 

period of drought after sowing. Thoudhgermination caused by an extended 

of the late sown plants did not produce.heads bythe gaps were filled,, most 


the end of the raiuls.
 

given in the table below. GrainGrain yield for the three years is 

yield of sorghum (kgha) sown at various. spacing as a sole crop and when 

intorcropped with millet (Table H.I./25). 
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Spacing(cn oa
 
Year Cropping System, 2 (a0 o a n
 

1975. 	 SOLE 2091 2112 1835 2013
 

INTICROPPED 2240 2283 2005 2176
 

1976. sm.E 602 676 *903 727
 
.NEOOPD861.667 787'
.834., 

1977 	 SOLE, *.. 407 429: 603 :4801 

INTERCROPPED 503 695" 208 469 
.. . - | , . , -,.
 

go sAtificant'differences in grain yield between the various spacinas 

or betw;en sole"A interoropped 'sorghua was observed in any of the yoars. 

HoVever, intorcroppod sorghun alnost always yielded sightly hiher than 

the sole crop sorghum. 

VI Maize/Cowpea Intorcrop (P.N. Egharovba) 

Maize as is grown' now is one plant per stand at close spacing at 

different row spacing."Vith*more Ompasis being placed on nixod cropping 

bocause of its advantges there is neod to study'the existing patern of 

planting witi a, view to nodifyin it to rake room for the. accompanying4 

•miod 	 crop. 

The objective of this trial was to determine the popf.orfance of mixed 

maize and cowpoa at different number of plants per stand.. 

The following spacing wore used;...
 

One plant per stand 28 x 75cm
 

'o plnta. per'stand 56 x 75cm
 

.Tiwee plants per stand*84 x'75cm.
 

One stand of maize in each case was alternated by a stand of cowpea 

giving a stand population of 46,500 plants .per hectare for each crop. 

Control plots of sole maize and cowpoa wdre also grown. 



25
 

Data colleoted are not fully analysed but preliminary yield data 

are shomn in Table H.I./26. 'The cor-bined .y.ield of alternating 2 plants 

per stand of mize with 2 'h6ipV plrts -per st4 is substantially 

l4 ier than alternating 1 or 3 plants per standroespootivply. T4 .A-an 

indication that it mwybo profitable to iicioase the number! of -.plannt per 

stand while at the same tine increzihii the distance between plants 

alpng the row. 

Tablo HI./26:
 

The influence of spatin arrangement on GMAi Yield 
of mixed maize and covpea 

C Grain Yield (ka/ha) 100 G.wt, gn.Crop Mixture ":l Maize 'Cowpea Total Maize Cowpea 

iiaiz/cowpoa ' 2659 .1834. 4493 289. 146 

III 2543 2085 4628 281 1.14 

111 2180 1723 3963 -276 1' 0" 
Moan 2461 '1881 4341, .82 1 
SE. 281 •215 . 497 32 16 

SoloMaize I. • 718 2718 274 -

II 2468 - 2468 286 

III 2023 - :2023. 261 

Mean 2403 4- 274.403 -

S.E. ± 275 - 275 31 

l
Solo Covpoa I - 2437 2437. - 153 

II - 2511 2511 - 156 

III - 1908 1908 - 148 

Mean - 2283 2283 . 152 

S.E. + - 261 261' - ..- 17 
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R.I./215
 

M S i"oSti~ti? lat ceop tition and population Baker)t 

Farlier oxporinonts: invetigat!w mixtures of cereals have established 

that successful mixturw.depend upon the oomponent crops being complementary 

to one another. Results have demonstrated that mixing a tall, fast growing 

cereal (e.g. millet) with a shorter slow growing cereal (e.g. sorghum) will 

givo more yield from a unit of land than had the component crops been grown 

sole. This gain va r be partly attributed to lihe fact that the ieproductive 

phases of the components do not cverlap, either in space or tine, and thus 

do not conpeto with one another for. he environmont,":Whether the competition 

-.is for light, or nutrients or.wator is znot.yot eqtablishod, but there 

is considerable evidence that gain from.,.ixing is- assocdAted with difference 
.'.. .. .- .. . .. ,. . . .. ... . . . . . . .. .- , .. . . . ; .-- . 

,.inheight of the component canopies. Since those experinonts wore conducted 

at a population normal for solo crops, and sinco yield comparisons between 

mixed and olo crops were made at the same plant population then gain from 

mixing was because individuail plants yielded mere. 

Yield per unit area is a.function of yield per plant .adnumber of
 

plants, "Sinply Y ='.YP, when f = yield/unit area, Y = yiold/p)ant and
 

P = number of plan.s. An optimum plant population is one th't naxmums
 

• Y, and, where cereals are concerned, this optimum falls on a second degree 

curve. Thus, if Y dooroases whilst Y increases then P is sub-optiumum; 

if Y decreases whilst Y also decreases, then P is above optimum. In the 

nixturos-decribed above Y increased and Y also increased. It is argued,
 

'therefore, that although the'plant population used was that considered 

optmunP. eb aooruse of decreased inter plant codpetition resultant fron 

comploontary plant habit, that one or both of the components was at 

sub-optiun population and that yield par unit area from a mixture may 

be increased further by raising plant population. To test this hypothesis 

two .arias of uxpori OL' , have been done. The first considers mixture of 

a range of population of both 096 maizo and short kaura sorghum, the other
 

selected plant population but a rango of maizo varieties of differing 

height mixed with short kaura sorghum. 

There were four experiments in the first series, from 1975-77, one 

at Iokwa (1975) and throe at Snaru. Yield results are given in Table H.I./27. 



27
 

Table H,.L/27
 

flo2d s kg amin h - I at 14% n.c. for 096 neise 
Solo crop niol 	 ap kg (in j h 1 

Proportion of Proportion of maize sole crop population 
rshun sole .53 85 1,06,- 1.33 1,60 

1975(M) 1291 1810 2240 1557 2025 
1975 1417 1835 2677 1785 ,,. 2240 

.65 1976 1853 2244 2499 2391 3026 
197?' t835 1707 2161.'. 1606' 2575 
mean 1599 1899 2394 1835 2466 

.1975(M)..-114.5...74.. .2054. 2417 .1595 

1975 1.873 2139 2101 2582 1936 
.85 1976 1751 2068 2074: 2108 2686 

1977 1697 1746 2309 2082 1875 
M6an 1617 1922 2134 2 2023 

1975(M) 1266 1873 2291 1709 1898 
1975' 2253 2189 417 1639 1886 

1,05 	 1976 1502 • "2448 '2295 2595' 1785 

1977 1559 1697 2171 2023 1697 

Mean . 1645 2052 1991 1817 

1975(M) 1278 1683 1417 1594 2076 
1975 1367 2038 2126 2620 2113
 

1.25 	 1976 1428 1921 2533 2193 1949 

1977 1707 2023 1638 2210 1588 

Noon 1445 1 1929 2154 1932 

1975(M) 1418 1342 1759 1493 .1949 

1975 1797 2297 1886 2050 1974 
1.45 	 1976 1190 s343 1343 1598 2301 

197 1776 1648 2052 2171 2151 

Mean 1718 1760 1828 2094 

1975(M) 1601 1778 1734 1132 1582 
1975 1753 2493 2639 2310 2171 

Sole Crop 	 1976 1598 2020 2063 1887 1981 

1977 2092 2102 2487 2269 2398 
Mean 1761 2098 2231 1 2037 

http:1975(M)..-114.5...74


There are nany vay of interpretng table H.I./27 but fro'n the point 

of vie, of this roport the: simplost is to coparo moan population 

response for tho. suole -.crop and for,mixed maize., 

Hdan -yield were: 

Sole.crop optimm Sole maize Mixed maize 
.53 1785 1613 

.85 21551 1913 

1.06 .224. .2142 

1.33 2022 
1.60 20C4 2070 

For sole Mize Y 900.3 + 2285.4 x - 1009.02 ; ..7090 

anoaxi u yioldws atz = 1.13
 

2 k 2
For mix aize Y.= 575.4 +2 3.6x 973.6 x .8786 . 

and maximum yied we at x = 1.26 

x proportion'of..Qle crop "optinum" population. 

Yields for sorghum are not yet-anaysed, but for naize (a) the mixture 

yielded best when plant population was raised to 1.26 "dptixnlm" an&..i') 

mixed maize daid not outyleld solo mize. 



Residual Effects of Sole and Intercropped Iouinos (ii.'Asenines) 

ware either planted sole or intercropped
In 1976 soybean and cowpea 

with maize (096). In the intercropped treatonts, each of the 10uu0s 

In 1977, nmiz6 was subsequentlyconstituted + of the plant population, 


grown to deternino the residual effects of the troatnents (solo and inter

cropped).
 

The nmen grain yield of maize as influodnod by previous (1976) solo 

cropping and intorcropping of maize with soybboan or cowpoa at Sanaru in 

1977 is surmrisod below:-

Moan Grain Yield (kidhaProvioud Trdtrent 

Solo Soyb6an without nitrcgon" 4365 

SoyQbn +.izq:9 without n:.tro~on 2550.
 

Syboan.+ .M,.owith nitogn 2555
 

Solo cowpoa withcut'nitrogeti 4069
 

Covpoa + Maize without.nitrogen 2362
 

Cowpeh !i Naizo:.with nitrogen •2231.
 

Sole Maizo without nitrogn" 2108
 

Solo Maize with nitrogen 2308
 

2d08' 
" N-wis, applied at 70 k/ha N. 

S.E. + 

The results showed that the maize hich was subsequently q o. in the sole

cropped soybeano ..q wpa plots gave sig ificantly higher yi6ds over .th 

mnizo in the intorcropped legum plots. 

The yields fron previous intorcroppod legume plots wore not 

significantly difioront irom one another or fron proviu.is s6l6croppod 

maize :plots. 

The rosults: ,iso indicated that little of any residual benefits 

would be doribod from soybea/ aizo or cowpoo/maize intereroppod where the 

total plant population.logumo cons iitod '-+.orleesof the 

http:proviu.is


/3,Sub-p-onramnse- IIH, Wood Control and, Tifla4 

Introuction 

A.major change in the tonas of reference of the weed'scieona 

..programme was.approved by 'the Professional andAcademic Bi6wd in June 1977. 

The objootive of general weod control recommendations is defined as:-' 

"To reduce or'elipi.Ate comptition from weeds for at least seven weeks 

aftor sowipg the crop, in the. ohoapost and Post effective way In all 

farming systems, without reducing yields and with the main intention to 

reduce or oliminte drudgery". 

Profitability
 

Profitability calculations, Ja those repor's are based on, the f~llowing 

notional pric s observed by the Agric Economio section during 1977. 

Commodity ~Price/kg 

Seed cotton 32k 

Groundnut 401 

Millet 20.75k 

Maiza. - 29.27k' 

Sorghum 2008k 

Cowpo-s 34.23k 

Wheat 29,29k 

;-Rice 59.45k 

Manhours 36k 

Single suporphosphate 1 .50/5Ckg 

Calcium ammonium nitrate V2.00/50kg 

Compound fetiliser N2.00/50kg 

Tractor hours '1.50/hour 

Exact herbicide costs are used where a Nigerian price has been 

established, otherwise an average figure of.M10,00 per kg al/ha .is. usod 

'for herbicides still under patent or 5.00 for older materials which are 

now 'off-patent'. 

Presentation of results
 

In the following reports, the significance of the difference of a 

treatment mean from an appropriate no-herbicide check is often oxpressed 

by placing the exact 'P' value in brackets adjacont to the mean, 



Weed control teohnologY 

de%. ,loped in the WOed SciencewereTwo experimental reuaarch tools 

Ground Metered Shrouded 
The ,Shrouded ground metered'

Section in 1977. 

disc (GHSD) very low volume herbicide 
applicator was developed for very 

small plots. Itwas 
controlled droplet application (CDA.) in 

accurate 

used in the 1971 experibents in the 
hoe.farming and animal power systems. 

This machine is boin, developed for 
hoe farmer use by the Agrioultural 

Egineering Setion. 

row toolber fitted with proprietary rolling 
aultivators
 

A stradidle 
and further dovelopod byof ITDG

units was desinod by Mr J.Z.L. Boyd 

was designod primarily for experimental 
incorporation


Itsection staff. 

The results of animal power experiments with 
in small plots.of herbicides 

In spite

to full sized tractor operations.
this unit are now applicable 

animalto have potential as an 
cost this machine appears

of its high unit 


power toolbar and it is n'ow in pilot scale production in Zaria.
 

Portially mhnised weed control
 

a new programe of experiments to 
produce herbicide
 

During 19 7, 
at Statesstartedschemes was 

recommendations for crop productions 

The results of these experiments 
have not yet been
 

Experimental Sites. 

as possible.to States as soon 

fully sumnarised bitt will be circulated 

The general conduct of these trials 
by States staff leaves much
 

to be desired.
 

n s for particular zones will 
The production of firm recomdndatio

result.
be delayed'as a 
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Sub-project HJIII/3/i 	 Herbicide'use teohniques in hoe farming 
.ya.tems: Researohen J, Ogbrn, 

Three te.6hniques of herbicide applioation were lomparet faotorially 

on old vs split ridges inmillet-corghum (see Sub-project H.III/3/ii) and 

sole orop.ootton (see Sub-project C.I/3/3..i). Table .LIII/3/1 "'shiw the 

profits associated with each treatment onmbinati.n averaged tvex '1th 

crops. 

Table H.III/3/1 

The pr6fitability/ha of formulations and modes 
of herbicide appliation in the hoe farming system.
 

Herbicide Herbicide applied to Fornulatihn 

formulations Old ridge ' Split ridge ___means 

Herbilider N149.30 55,r•1 I102.56 

Herbirock 9129.02 #77.13 #16).03 

C D A N185.29 981.78 U133.54 

Mole means NI54-54. i-57 W113;V6 

In general it can be ieei that'CDA applioation with the ground

metered shrouded disc prototype was more profitable 'thanherbiliser -r 

herbirook broadrast by hand. This was inspite of crop damage in millet

sorghum caused by.inoorreot operation of.the sprayer. 

In 1977, application to old ridges was'twice as.profitable as
 

application to split ridges. Thia result might be reversed in seasens
 

with heavy rain in June and July.
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Project H.111/3/1
 

Sub-project f. /i4 sorgl= mixturos
II/3I/l Ved cont -ol in millet, 

Experiment AP 265(77) 	 Crop establishment techniques in the
 
millet aooh'ua mixture at Samaru.
 

Tis experiment continwud the studies to develop an ag n)nwnio paiksav 

reoonendation for herbicide use in hoe farmers millet-sorghum mixture on 

the basement complex soils at Sanaru, 

- The crops were sown into the ridges and furrows remaining after the
 

1976 season. Mainplot treatments contrsted 'sown in the furrow, followed
 

by ridge splitting' with 'sown on tho ridge on old ridges'. The sub-plot 

treatments contrasted three methods of lin-on herbicide application with 

a no-herbicide check treatment. 
a 

Treatments
 

a0n-plot Sown on old ridge after pre-plant herbicide application 

vs 
Sown in furrow followed by
 
ridge splitting and herbicide application
 

Sub-Plot 0.8 kg ai/ha liniron herbiliser
 

vs
 
... ..
,, ,, .. .--.H, 	hcrbfr ck .. 

0.4 " " CDA pre-plant or post splitting 

f.b, 0.4 " ' ": .CDA post establishment.. 

no-herbicide check
 

Basal crop agrqnony:- According to re.commended practise
 

Field Oper~tioni 

24/5/77 Millet planted
 
27/5/77- .'Sown on riae' herbicides applied
 

2/6777 ."'orghumplaited
 
13/61,7 "Millet thbiniedand dpot weeded
 
23/6/77 sog'hum thinned .
 
110/7 Ridges split Sm the 'sown in furrow' treatment 
14/7/77 Post-splitting herbicides applied 
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19/7/77' 2nd 
pploation.of ODA linuron to Isown on ridge I treatment*.
21/7/77 lot application of CDA linuron to 'sown in furrow 
treatment. 
28/9/77 -. Millet haveeted 
14/10/77 2nd application of ODA linuron to Isown in fu Towl treatment. 
19/12/77 
 Sorghum harvested.
 

.Weed control in 1977 season wao oomplioated by the unprec-dentad low
rainfall in July. 
Horbicides performed ineffielently on adr4 
 n.soil.

profile and ridge splitting was laborious and slow.. The cereals sown in
the furrow were overgrown by weeds and ha! to be spot-weeded several times
before they were big enough for the ridges to be split,. The ridges were

then too dry' nr easy splitting. 
Hoe farmers in the surrounding area

experienced exaotly the'same problems and in some oases did not split

their ridges until early August. •Millet yields were seriously reduced by'

insect damage. 
Millet yields were further reduced in .the CDA treatments
 
when the July applications were accidentally made with a reversed disc

(Spraying upwards at crops rather than downwards at weeds).


The data in tables H.III is therefore not typical of the Northern-

Guinea climate. 
 On crops sown in.the furrow the herbicide did not reduce

weeding hours or increase grain yields# 
In crops sown on the ridge,
herbiliser ard herbirook reduced hoeing hours considerably without
 
seriously reducing yields. 
Even the ODA treatment 'on'heridgewas more
 
'profitable' then the no-herbicide check in spite of.spectaoular
 
damage caused by the incorrect application.
 

Table H.III Millet-sorghv 
Rrain yields (kg/ha) aer-weed control
Inputs (man h..s/ha) at Samaru, 197.
 

Linuron Grainyields H-4"8=Treatment " dosage 
 1st seven Maturr 
kg ai/ha millet sorghum weeks tioh 

Sownin OW followed by ride litum 

'Heibiliser post-op~itting 
 .. 1.6 91.6)799(.254Y 
 1239 50~6Herbirock post-splittlng 
 .-.. 1.6. 70(.60). 696(.M74) 1267 546"
CDA 'os-splitting + lay bye 0.8+.8 
 68(.70Z) -33(.O00)) 1224' 638No herbicide "64 

971 1296 

Sown on old riie 
Herbi}!.er pre-plant. ... • 1.6 222(.920)..609(.317) 487 403Herbirock pr plant 
 .6 .'l
73(.277)"892f-94
." 

) "50 288
CDA pre-plant + post-emergent' 
.F '+0.8 • 58(.nO6) 53.-4(.o4h :" 2ee)
No herbicide 


22 "- 'CU ." 
 872 612
 

http:53.-4(.o4
http:Herbi}!.er
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It should be noted however that if a farmev accounted for his own 

labour at 'hd op ortunity cost observed by the Sooio-EoIonomios Department 

in 197.7,..all trea..ents. would h jre made an absolute net loss .from the 

.ost of weed control alone. 

Table HIII 3 Millet-corghum costs and profits/ha at Samaru, 1977
 

Treatment fiop ralue Weed control Profit from Net
 
costn i.rbioide profit.
 

Sown in furcw 

Heribiliser #178.73 4644.20 4 2.10 .-465.47 

Herbirock .153,65 668.68" -47.46 -515.03 
t686.32 '.-01.68
CDA 6.6. -#134.11 


No herbicide"- #20779 4675.36 -. -467.57 

Sown on old ridge 

Herbiliser 9207o11 "336.40 #166.72 -4i2q.2 

Herbirock #213.87 9321.28 #188.60 -4107.41 

CDA 1#122.73 #268.00, #150.74 4145.27 

No herbicide #238.23 $534.24 -. -296.01 

Much of the cost of weed oontrol in the furrow was due to the 'very 

high cost of splitting the dry.ridges inJuly, this required 980 man hours 

/ha instead of the 35n normally required to split moist ridges. Even if 

allowance is made for this however, the break-even yield tith this mode 

of crop establishment would still have been 2076 kg,.of grain/ha for the 

most cost effective mode-of herbicide application (herbiliber), The 

lowest break-even yield for crops sown on ola ridges would have been 

1335 kg/ha. (CDA). 

There is only limited soope for reducing hoe labour hours because 

the hoe faxmer characteristically does one nombined weedin and thinni4 
operation which absorts about 200 hr/ha even on a completely clean
 

ridge. If he also splits the .ridges'under ideal nonditioins the 

'equivalent to a.break-evenirreducib.e weed control cost will be U198, 

yield o'-986 kg/ha. 

At present relative price it iS desirable to elimhita'e hoeing 

ompletely, thiseis technically possible only with the use of a metered' 

and. shrouded CHA applicator using contact herbicides on the unpreprea 
xe~~ds.pved,.y-oe. faxner.. ......, ... 

Current recommendation:-. None
 

Proposed recommendation:- .1.6 kg ai/ha of linuron is tqlerated by
 

both millet and sorghum in sole crop at Samaru, but there is clearly
 

much to be done before an ppropriate %gronomic package can be
 

recommended*
 

http:1#122.73


35
 

Projeot H.III/3/2 Weed o'ntrol with th animal power system.
 

Sub-project H.III/3/2,vi 
Weed control in the millet-sorghum mixture. 

Researcher J.E.A° Ogborn 

aperrimieni; A 136I(77). Crop e'stablishment techniques on basement omplex sil.c 

.. me ,establishment of qereals on the basement complex soils 

is not eusd e aimal power farmers. Both millet and
 
soighumedo'.be .sown early in 
 the rains before. the. old ridges -are..
 
wet enough to be "split with e 
ridger plough. The few animal power....
 
fanrers nearSamaru either use 'hand-hoe' techniques 6r wait until
 
the 'ridges are Yet enough to split easily. 
 They thereforeoloae
eitherthe benefit-of using work bulls or the increased.yield froM
 

sowin.This ma$r be the main reason why animal power'trming
 
has nat been widely adopted on 
the heavy soils of the northern 
guinea zone.
 

' Two techniques which had pdential 
 for early crop establishment
 
wi*.h Ut ridga...plitting .were 
therefore .compared in 1977 at Samazu.
 
fbr their weed coxrol characteriotics in 'alternate
an r-w' millet 
sorghum mixture.' linuron at 0.8 kg ai/ha was applied factorialiy
 
with-a ground rhatered shrouded disc VLV sprayer.
 

Furrow drilling
 
Crop establishment was performed by furrow drilling w~ith 
 a hand
 

metered sowikng tubeAixed behind 
a ridger plough running in a n old 
furrnw. 
0.4 unfts of linuron were then applied pre-emergent.
 

When the crop had grown suffi-ciontly, the old ridges were split 
back onto the.crop. A further r4 units of linuron was then" applied
 
onto the new ridge. Subsequent weed control was maintained by hand 
hoeing an remoulding.
 

Straddle drilljn.
 

The prototype Boyd rotary cultivator fitted with an improvised
 
cross-bar and sowing tube was uded to drill into the crown of the ol
 
ridge. Herbicide was applied pre-emergent with the same VLV sprayer.
 
Subsequent weed control was intended to be entirely 
y straddle r'w
 
cultivation without hand hoeing. Equipment with a 
high enough olearvice
 
*to do this was not available when needed and a considerable amount
 
of hoe weeding had to be done instead.
 

http:soighumedo'.be
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Exarimental operations... 
.......
 __ . . 

1/6/77 Millet and soighum sown by both teohnima, *.#../;:--

3/6/77 .Linuron applied.'to.Ahe stra~dle treatnu.~ts pro-em. 
Linuron k to the furrow pro-em.£ate.,applied treatment 


21-22/6Y77 'Crop himed -by haddo
 
30/6/77 Hoe weeding started in the 'Straddle only' treatment.
 

7-8/7/77' Fe-tiliser side banded on straddle treatmsnts'
 

FertiliserS broadcast on the furrow treatment.S. 

I1~7/7i Ridges split on both. furrow treatments 
20/7/77., 'Furrow only' plbts and bothstrad1Jtrmnt'wee4. 
29/7/77 Linuron..rte-r=&f11ed to the tfurrow linuren'' 

---- eatment post-em., 

IV/77 Jiozoouldirig of straddle trpatment done
 
28/9/77 Straddl.e cultivation with new high' learanog toolbar sa*fite4,
 
5/10/77. lillet harvest.
 
13/12/77 Sorghum harvested.
 

Results. 
The recommended ,rop population for 7A.em ridges is 91.5 thousand 

stands per ha. Both establibhement tech.iques produced higher population 
of single stands but straddle planting increased establishment very 
significantly from 25 to 31 thousand per hectare in the millet Vrop. 

In table 4 and 6 the exact 1 tailed significance of each linuron dffe.?.. 
os shown in brackets against the linuron mean. I2 .able5'h6'e'xct 2 tailed 
significantly 6f eaoh response is shown similarly. 

Table HIII' ... ,.Ved contiT~ ui. (as manhoura/ha) anlcosts. 

Establ ahment(lst 49 days) Maturation period
dosing -bultivat± f o-. . 

Furrow onl 46 ....... 77....... .... 58 
Furrow + uftr'; o..261. 15(,33)-.- 413738 77(.L-45) 9(.O13 i31 . 
Straddle only 29 13 1187.10 23 9 1,11.'1*5 
Straddle + linuron 92(.052) 6(.051) i113.22 133(.o17) 10(.29) Z,;1. 

Note I. Includes mahours used in sowing the crop 

Table 4 .hnws that furrow drilling with lintron eliminated hoe weeding 
during the first seven weeks. 

Table 5 reveals that the overall effect of linuron herbicide was to reduce 
total we~ding effort, straddle establishment and cultivation required more man
hours for weed control'but was more profitable because efa-larger overall yield 
increase. The interaction between straddle gu.tivation and linuron on weed 
control was small but the overall yiel4 and monet ', responses were pusitive. 
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Table H.III 5 
 fResponses to cultivation and linuron herbicide as man-hours 

and yield. 
EstablishmentIro" 
Katuration rerid Ttal Millet...Sorghum Yenc. 

Hoeing oultjIva-" Hoeing oultiva- responses grain grain I.ry. otion ton• 
 Vo.luos
 

-uron -9.s.014) -2.S5(.358) £e(.o97) 5(.323) 
-

-36-5 81(.482),155(.036) V6o.?3
 

addle 4
137.5(.052) -. (.117) 4(.897) -. 4(36i5)
436.5 57(.o() 139(.)55) V93-.3 
araotion,, -4.5(A450) -4,50(,117) 52(.025) 1;5(.025) '35. '-65(.572) 163(, n?8) t-1 %11" 

The abiormally low July rainfall in-I 977 caused ridge splitting to )ie
delay[pd on the 'furw-orily"'treatment,: his would normally have been d6ne 
about two weeks.earlier and ,made it'necessary to upot we6d' round.some 
of the crop before splittlng the ridges. 

The late delivery of the new straddle equipment prevented more,-than 
pne 'yst-emergentcultivation during the first seven weeks in the 
'straddle only .treatment.. None were required in tie' straddle +.linuron 
treatment untO! it was too.late to' do -i with.the equipment then available. 
This made it necessary to do more hoe weeding during the maturation period.
A major eff6et of the Iinuron being to delay weed growth as well as reducing it. 

Table H.II 6Cro yields as kggrain/total ha
 

Millet Sorghum Gross value Net profit 
Purrcw on'.y 
Fu.=ow + ILnuron .. 

21750. 
-(.o) 742(.931) 

t#263.C4 
2 -PU96.04 

-"1Mi633i 

Straddle only . .'897 726"' -. N325.0 - " 310.26 
Straddle + inuron . ""( ' .A... i399 - 4337-52 

,ote 2.. Less cost of "9eedand depreoiation 

Table 6. tnfjrzns°thatl.inuron did not reduce yields -ineither system and.as it
definitely did reduce weeding,effort during the first 
even wqekd it is fo *lly
recommendable.: Linuon increased millet yields (non-significantly) with furrow 
drilling whereas sorghum was .little affected. In'contrast there was a highly
-ignificant. increase of. sorghum yidld -from linruon in the straddle system......... 

The straddle system gave: higher overall yields and better piofit In'pi toof .thc
need to do more hoe weeding-as a result of the late delivery of modified toolba-s. 

This experiment needs to be repeated in'a more typical seasen but the ourrent r:-cul tz. 
have shown that the ridger plough:can be adopted for early cereal .rop establishaent
 
Ln basement oomplex soils... 

The true .profitability of the str.ddl&-ystem was pr6bably understatel"in this
 
?xperiment.. :It4s egpeoiedlethat hand hoeing ill Ibe reduced to one spot weeding oombinad
ith thinning when the improved straddle toolbar is available throughout the season.
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Project H.M 3/4.1 - oontrol of parasitic weeds 

Researcher: J. Ogborn and R. Mansfield 

This project inoludes the following aspects, (i) foliar herbicide application 
IIDFOLA), (vii) studies of the Variability of striga attack on different 
crop species in different ecological zones (viii).soil applications of 
germinaters and/or herbicides to control striga.
 

Sub-project H.III 3/4.1 vii - Ecolfogical studies 
The Pbjeot of this project is to find regional differences in striga 

attack on millet and upland rice.
 
Tours were made of the Sudan and Guinea zones from August to Deoeib.er 1977. 

Extent of attack, crop damage, host prefeese, stage of striga development 
and striga mortality were observed at sites approximately 20 km apart on a 
North-South traverse thrrgh the Sudan and. Guinea ecological zones. Places
 
visited are recorded iJi
Figures 1 itd 2, which also present results..
 

The following conclusions were made: 
1. Severity of striga attack on millet (ger6"and'maiwa) varied with -rainfall. 
In those areas with light rains during millqt's period of striga susoeptibili+y. 
i.e. The Sudan Zone and Southern Guinea Savannah, millet was attayced. This 
was because rainfall was also light or absent during rillet harvest. Striga 
was therefore able to set and ripen ser.J. This prpce,.s r:peated annually 
for many seasons would cause the strains preiferentVally atta'cing millet 
to build up in the environment. 

Converaely, in those areas such as the Northern Guinea Savannah where 
the soil is too wet after planting to allow str~ga to complete its lift
 
oyele and produce mture sced bef'ore harvestp nuoh strains would diminish 
yearly, so that only the sorghum-attacking strains would survive and only 
the sorghum would be attacked in this.environmsnto 

In the Sudan zone the rains are usua.y ihort enough to ensure that the 
crop matures in dry weather so that stria.e -ilways germinate and mature 
o the drying;cycle at the end of the rains een, if it has not already done 
so in the rather dry soil conditions which normally prevail 'uring the main
 

period of crov growth. 
The Southern Guinea Savannah by oontrast experiences first a rainy 

period, at whih&time farmers plant, then a period of intormittent drying, 
then.a period of heavier rains in late Juy/August when crops are maturing.
 

The drying period allows striga to ge-minate and attach to uidllef .'The 
Northern Guinea zone is uniformly wet during early ciop life and prevents 
germination of any illet attapking strain which might.exisa. Sorzeghum is 
attked in the Northern"Guine beflause even if the Soil is too wet for 

http:Deoeib.er
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germination during the rainy season, sorghum's long life cycle permits
 
germination and striga seed production well into the drying cycle of
 
September/October, 
 long after the millet has been harvested. As a result, 
3ev.ls of the sorghum' strain in the environment would be maintained. 

2. This hypothesis can be applied to rice in the Southern Guinea zone
 
as well: dry periods after planting allow germination tri occur soon
 
enough to allow striga to complete its lLfg-oycle and to produce seed
 
before harvest. 
Whereas any crop in the Northern Guinea zone with a
 
life-cycle short enough to permit planting early in the rainy season 
and eomplate harvesting before the striga en produce mature seed, will 
eventually develop zonal immunity to strJ a. This explains the existence 
of biotypps of striga, Provenance studies have been started to confirm 
this.
 

Observation plots were started in June/July 1978 in orier to
 
confirm results presented in Figures I ant 2 whieh show that the upper and
 
lower boundaries of millet and rico Armunity ap~roximately follow the
 
upper and lower boundaries of the Northern Guinea Savannah zone.
 

3. Marked seed mortality caused by insect predation was observed on 
almost all fields in the Sudan zone where striga infestation was severe
 
and wide spread. 
Predation was rather evenly distributed thrughort 
the field. The agent is not yet determined.
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Sub-project H.III 3/4.1 viii - Striga 'comtrol by soil application 

1977 - #-Season 
The first year of testing pro-plant.±nporated ehemiegIs for striga 

control had thq objective of determling the abilityo' a 
w striga Beed
germinator GR7 -0togerminate striga aeed.in Samaru soils. 
The time
 
necessary for a response and the relationship between dosage and response.

were studied. 
The intoraotions with nitrogen were also studied.
 

ObPeotive 
To test the efficasy of strigol derivatives (germinators) in contollinghav striga infestations in sorghum and maize without having to resort to
fallowing. The experiment was laid out as a 22 x
4 fatbtorial design In

4 randomized replinations as follows: 
Maize vs Sorghum 

x
 

Nitrogen 25 kg/ha vs Nitrogen 125 kg/ha
 
.n"x
 

GR7 at dosages of 0, 0.2, 0.4 and'.0.8 kg a.i./ha'
The effeot of the above variables ou" grain yield, total dry shoot

weight and. sttia ?mergence was determined in order to:.
 
a) evaluate GR7 for striga :3ntrol
 
b) find that oombinatien of GR7 and fertilizer nitrogen giving highest


grain yi0eds and lowest striga populations at harvest6. 
1. Nitrogen Was in thefoim Calcium Amonium Nitrate'(261W) applied as a basal 25 kg N/ha during seedbed preparation. The higher rate 
(100 kg/ha) was applied at the end of July.
2. GR7 gerinr':or was applied with a 'herbispray' one week before

planting and inuorporated with one pass of a Boyd rotary cultivator.
 

.ield operations
 
May 30th -.GR07.treatments applied 
June 6th 

June 8th 

June 24th 

. Maize (S1235 and sorghum (1499) planted 
- Atrazine and',paraquat applied.on all plots 
- Thinning on maize and-sorghum started 

July 6th . - Basal application of nitrochalk 
July 14th -Application ofcsdosulfan insecticide 
July 29th - 100 kj N/ha applied to high N treatnent plts 
Oct.-4th - Maize harvested 
Deo. 7"h - Sorghum harvested 
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1. 	Maize
 

In the presence of %ne higher N application, the maize yields increased
 

and striga emergence progressively decreased in reponse to increasing 

levels of the GRT. This means that GR7 mast have been actively germinating 

striga seel, a large percentage of which died without effectively parasitisine 

th.J maize roots. The percentage mortality increaied with the level of
 

germinator. Unsuccessful parasitism is attributed the effect of high 

tissue nitrogen in reducing parasitism (Parker 1965). High N alone could 

have caused an increase in emergence because increased crop 'igour could 

have supported more emerged striga. (Last 1960; Parker 1965) see also
 

Table H.III 43.
 

The high N vs applied on July 29th, over nine weeks after GR7 was 

applied. The high N effect must therefore have oocured nine weeks after 

application, indicating that GR7 was petsstent and active in the soil 

for that length of time. 

Any mortality occuring during the riine week period would have been 

caused by seed germinationwhich took place befbfe the maize was old enough 

to provide attachment sites, causing che death of those seeds from exhaustir 

2. Sorghum. 

The pattern of resvonse to higher nitrogen and GR7 applioation s is 

similar to that of maize, though modified by the longer period of growth 

of the sorghum after the higher iiitrogen application. This resulted in 

of. erminator
a considerable increase in sorghum gran yield with 0.4 vnits 

at both levels of nitrogen application.
 

3. Geininatorperformance. 

The in~reased emergences of striga in the a sence of higher N presented
 

in Table H.III 45 arc. minimum estimates of the increased striga germination 

under ground which must have oo.ure.after the 29th July. It will be notod 

that 	there was very little further germination of striga .on maize i the 

absence of germinator. This tends to confirra the hypothesis that maize at
 

Samaru stops exudate production early in its life cyole. In eontrast, at
 

least 260% of the total emergence on the sorghum eccured aftfr July 29th.
 

The success of the lowest dosage in germinating at least 12Co more striga 

in the presence of an actively.exuding sorghum crop is remarkable when the 

figures in-able H.III 45 indicate that at least 86% must have 

germinated after July 29. 

The reduced or negativeresponse in sorghum vigour at the highest
 

dosage might be attributed to either a direct,-toxic effect or an indirect
 

The data in Table H.III 46 support the latter,
effect of the germinator. 
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Table,IIA 39
 
Effect of Nitrogen and Germinators
 

on maize grain yielis. (kg/ha)1 

(freaten; mears) 

e3tinator rate. 25 kWha 25 kg/ha
 
kg/fia) N.N
 

10.0. 3108 2833(0.2901
 

0.2 1643(0.005) 2776(0.250)
 

0.4 18?4(0.1o) 3146(0.460)
I ( 

0.8 t94(0.020 3429(0.260)
 

Values in brackets quote the exact significance of the difference from 

the 'no-geriminator - liw-rdtrogen' oh1ek. 

Table H.III 40-" 
Effect of Nitregen and Germinators,
 
on Total Stri~a.Ob,4 (1000,/ha)l 

-
. at Harvest Maize 

.(treatment man) 

Germinator rate' 25 kg/ha 125 kg/ha 
( L/a). - N N 

7.08' 0 5148(0.430) 
0.2 26.34(0;040) 2.27(0.350) 

0.4 14.82(0.2"10). 3.97(0.370) 

0.8 13.79(0.250) "'1.70(0.290) 

Values in brackets quote the iekacJ significance of the difference from
 

the 'no-germinator - low-nittogen' check."
 

Table '.1I "41.o 

,Eff ot of Nitrogen and Germifiators 
on ature Striga Count '(leOs/ha) 

at Harvest - Maize 

(treatment meang)
 

Germinat.g~.xate 25.kg/hA-. 125 kg/ha 
(kg/ha) N N 

0.0 1.23 1.60(0.410) 

0.2 8.03(0.005) 1.13(0.480) 

0.4 2.08(0.300) 0.28(0.280)
 

U.8 . 4-.82(0.025) 0.19(0.260) 

1 Values in b.aokets quote the exact-significance of the difference from' 

the 'no-ge6inator -low-nitrogen' cheo. 

http:18?4(0.1o
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Table H.III 42

Effect of Nitrogen and Ger~inaters 
on Grain Weight if Sorlhum (k,,/h ) 

at'Hatvest. 

(teatm~ent mea~ns).. 

Germinata.r rate 
 2 kg/a 125 -g/ha. 

6.0 
 1250 
602 1095(0.305) 1062(0e27)
0.4 1741(o.o5) 
 1349(*,oi0)

n.8 
 130(o349) 
 *265(6.48o)
 

-Yalues n Arackt&quote 4.he -wot significance of'thJe :affcnjiijfr-m
the 'fl-germin't," 1 - - -nibrogon s check. 

BIffeot of Nitrbegen and Gernipatorson:TostalStriga C 
 .(nts )e/ 


at Harvest - Sorghi" 

(treatment meanz) 

Germnater rate 25 kg/ha 125 kg/ha
(kg/ha) N N 

79.541. 58.5(0.234)
04,. 175.2(60005)
. 106-70Q.181) 
0.4 66.4(0633.9) 
 2q.9(q.Q46)
 

6 
 49-2(0.0292 

1Values in brackets quote the exac&t-sigaficance of the- difference "fromthe 'no-germinator - low-nitrogen' check. 

Table =.IIiI,44 
- - p.Effeet -of Nitrogen. . . and..-. Germinatorar 

on Nature Striga Count ((OOs/ha) at 
Harvest - Sorghum1 

(treatment means) 

Germinator rate 25 kg/ha(kg/ha) 125 kg/haN .... N 

N034.6 23110(0.336) 

'0.8 36.1(0.482) 15.8(8. 243) 
Valuesin 
 akeits quote the ect signifioane of thedifference from 
the 'n-germnator- lbw-uitrogen,'check. 

http:1741(o.o5


47 

Table H.III 45
 
Additional .otriga emergence after 29/7
 

in the abaenoe of hige' fertiliser N(l00is/ha) 

Germinator rate Maize 8 aghnm 

29/7 - 4/10 29/7 -- 7/12-W 

0.0 1.60(0..430) 20.96(0.240), 
0.2 24.07(0.007). 68.50(0,.O25)
 

0.4 10.85(0.121) 37449(0.123)
 
1.8. 6.08(o.414)
12.09(0.097) 


Table H.III 46. 
Mean Maize Vigor Rating and Striga Abundance 

', tirng as affected by treatumt 

NO BUTYLAEGerminator. BU~YLAE 
dosageCrop vigor Striga Crop vigor Strigsa 

Rating* Abundance Rating* Abundanco 
Rating"* R~ting* 

0.6 6.75 5.50 .5-50 7.00 

0.1 6.75 3.75 5.75 6.75 
0.2 5.75 4.00 5.00 6.50 
0.4 8.25 4.24 4.75 6.c
 

Ethepon 7.50 4.50 5.75 7.25
 

man 7.00 4.o 5.35 6.90 

9 = highest vigor; 5 - vigor los-, strig, symptoms; 0 = no plant. 

**9 = 80 - 1006 striga cover; 5 - 50% striga cover; 0 - no striga. 
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hypothesis. It is probable that. gemjnator, activit. continued will 
into the drying .yole &nepebra-:this dosage causing a heavy 

..............-...infes.t.a.tion whi o .. in...edued-crop. vigour.
but vould octur too late to increase striga emergence. 

Conclusions. 

1. A aose of as low as 0.2 units of GR7 was shown to be aotively,
geirminaing striga for at least 59 days after application. 

2. A dosage 0.8 units is apparently, not toxic to serghum or mze 
and wan probably, still actively,germinating striga in September. 
3. An.application of 0. 4 'units'oombi-.d-with-125"kg N/ha gave the 
highest yield and lowest striga count in maize. 
4. -Az ;4"tir'c"ined"wit" 125 1" N/ha gavekgpplia%- the 
highest yield and lowest striga count in sorghum. The inc.eased grain
yield in the presence of high N was 453 kg/ha worth Z91.01 at 1977-8
prioes. This leads to a 'breakevw.ny..ioeA of.92 2. for1,..GRT# 
The bulk production price is expected to be fraction of this. 

increase in crop vigour while the use of.a oombination of bu'yiate and 

1978-9 season. 

-"%.bcIdesare being combined 'tth germinators to kill germirting 
striga4# .- ale--II-4- is-hi-ie"we.t tiiat~alone ga-ve some 

GR 45 (a cheaper alalogue of GR7) gave striking increases in crop vigour
and striga--control.- This is a promising potential use for striga
germinate-c 
 in addition to the most logical method of applying them to
 
germinate striga in'the absence of a susceptiblo hbcst orop.
 

http:breakevw.ny
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Sub-Prarame HIII 3/4 viii 

kperiment BQ 9b (77) - Interbred Striga Control - K0U 

Objective:
 

To meaaure the effect of rates of striga germinator material 

owpea yields and on striga survival,GR7 	x fertilisera on millet and 


Field ,Oerations: 

Were not carried out oorreotl.:, Tab u48, shows the treatments 

which were applied.
 

Results 

iable 48 shows that on Saptember 12, the 0.8 kg/ha rate of
 

GR7 and the 125 kg/ha N treatment with -= germinator .ignifioantly
 

increased i'lowering striga counts. This effect did.not appear nn 

the 19th subsequent weeks, No conclupions -on optimm rates can be 

made from this expepiment. 

Table H.III 48 

KOZA - Effeot.of Gerinators and Nitrogen on 
FloweringStrigaL Counts.,on 12/9/77 a:d 
19/9/77 (00s/ha) 

(.treatment means)
 

Germinal or 12/9 19/9"
 
Rate kdha_
 

0.2 	 0.629 (0.180) .2.597 (0.390) 

0-4 .597 (0350)..866 (0.390) 


0.8 	 1.652 (0.040) 2490 (0.1i0)
 

0.0 	+ 125 k9/h N .1.615 (0,025) 2.638 (0.340)
 

2.39
0.0 	+ basal N 0.973 


1. 	Values in brackets quou the ezaot signilicance o1" thie .v,
 
difference from the check.
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H.III 3/4.1 viii 
Experiment AM 330(77) - Striga garminators. Time of applicaton. 

ObJeotives To find the minimm optimum period for applying atrga 
getminators prior to sowing of Maise. 

W-eatment 

GR7 at 0.8.kg al/ha
 

GR28 at 0.8 k9 ai/ha 

*x
 
'Applied at soulng 

vs 
2 days before sowing 

V13
 

4 days before sowing 

vs 
8 before sowing.,. 

i (plus a no germinator *check) 

Field Operations 

June 20 - Germinators (8 days preplant) applied with VLV. 
June 24 - Germinators 4 isay preplant applied. 
June 26 - " 2 days " -
June 28 

August 25 

-

-

IMaize drilled on 2.5 ft. ridges to give a 
population of 20,505/ha and germinators applied, 
Calcium ammonium' atrate 200.47 kg/ha 
side-banded 

O0'ober. 10 -Harwosting of-s+.ri~a end upa~e 

The late sowing date in this trial enforced by the late' arrival 
oP the GR28 germinator resulted in a poor and uneven stand-as-a.
consequence of a drought in July. 
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Table H.III 45 

PEffeot of Time of Ap~lioation of Germinator on Maio Grain 

(treatment mean)
 

Days b fore
 
soing " GR7 1128 Mean 

0i92o.143) 692(0.006) 592(oo1o) 

-..... 
8 

27(004) 
,..82.(o~MO 
72o(9.o04) 

3370o55, 

68(.o.) 
461(0.230) 

675(o.oo2) 
59oCo.o1) 

Mean 568(0.005):o. 5i4(0o03o)) 

Check.(no germinator applied). 395 

1 Values in brackets quote the e'ract significo=e of the differenos 

from the oheck.
 

Table .. -. I 46. 

Effect pf Time of Application of Germinators on
 
Tota3.'Fmerged Striga*,at Harvest (iOO09a/hg)i 

(treatment means) 

Days before 
vwiv g GR7 . GR28 .. rean 

0 17.77(0.240) 16.40(0.320) 17.09 (0.220) 

2 4,785(0.0 0) 12.99(0.450) 8.886(o,15o) 

4 16.4o(o.320) 13.67(0.500) 15.A (0380)". 
8 14 '35(O.450) 70519(0.150) 10.93 (0.270) . 

Mean 13-33(0.450) 12.64(0.390) 

1 Values in brackets quote "the emact significance of the difference. 

from the check..
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Table HnIfl 47
 
Siext, Of Time 
 Of Application of Ger!inators on4Xa-tv"Ir Stri~a ~ount itt Harest' (POOS/ba) 

"(t eamant means) 
• ,- -- -

Daya before
 
soving CR7 =R8 
 Mean 

0. .O2 (q.20) 3.609(0.300) . 2.5o(O.040) 

2 
 1.367(0.020) 4.101(0o.420) 2.734(0.060)
 
4 2.242(0.090) 1.367(0.020)' 1.805(0.020) 
8 5.467(o.16o) :1-859o.060) • .. 66(o.2o) . 

Mean 2.392(0.030) ),12.734(0.0140) 

Check- <20 gao iator appl-Iod).:4.333'-

VaLuesi in bracket quote the exaot significanoe of the differee,
 
from the check.

l= 

Results 

Mature atriga,' at harvest (Table 47) -and grain yield (Table 45) 
shewed marked treatment- effeota. Total.striga t- harvest (Table 46)" 
differed little .under. tr-eatment.
 

The optum intezvia before sowing, in terms of increased yields
 
and decreased mature triza was 
 4 days for both gv rmnatores.
 

Both CR7 and CR281.. .s.ignifica . . . . - i
. . , .. g * lmea..irain yield 
(P , 0.005'GR7 and P = 0.030,GRB)',)at all dates. 

GR7 appliled 8 das, preplazT .gave very muoh rorp mature triga and 
totalh hn striga alayd or~mtoal riga'aharveet, tha G8 ,i 8 a epLnt.,, his would indicate 

that R.wamoroperistant thani CR28.-

Conolusions -

Both geuina-,ers incrcasei A:ize grain yield but the poor stand n 
this experiment makee it difficult to oompare GR7 and GR2'* he vo 'Y 
long period of persistence of GR7 demonctrated in the main striga 
germinator trial at Samaru means that the times of application in this 
trial were far too close to the planting date to demonstrate meaningful 
differencea. 
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Sub projeo; .II 3/4.2 v 

EFFECT OF TIM ,ID TYPE OF DRY SEASON CULTIVATLCON ON
 

53PEAHiCRASS EVROM.
 

Rosearcher S.T&..La ,ke-


The first se- of oultivation in t-is e:perJ~ment vaa ,ondtotedoa 

January 12, 1976. Details of further oultivation are reported. on the 

table. During the last season, eaoh strip vq.:i further divided into

plots for the purpose of cropping. 

Blanket application of paraquate was done tdice before cropping. 

Only vefetative weights of crop were available. Sp eargrass re&Tw h. 

at 2 years and 1 month after-the first series of cultivation are shown 

on table H.III.48. 

ResUts 

Dry season cultivation with single bottom furrow diso plough, still 

re 4ed the .most -effeo'Uvdtreaaen against speargrs. "Withan 

additional sezondary dis harrow, it was more effective than other types 

of cultivation with three or more cultivations. The .reljea.t ility- of 

this lreatment was further proven by the cultivations done on 12/1/77. 

Diso-plou, h .without an additional cultivation was more offeotive .than 

many other treatments.._ 

In oonclusion trials =a ieing condu.ted to investigate the 

appxopriate time of cultivation and 'the persistence of the treatment 

over a number of years. It ho.wever needs be emphasized that double 

diso-plough did not produce the desired depth of cultivaton - 25 cm, 

hence the degree of control, in the dry season. 

http:H.III.48
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Table H.III 8n 


Spear, raas drx* matter production
x 1.07 =kg/a.. 

Diso-plou*t. on 12/1/76 +
Diso-harow at P99 days later 4 

Chisel lough on; 12/1/76 + 

4 dito-haraow at 137, 66,
 
162, and 80 days ije-rvas
 

Diso Plough on 23/5/76 +
3 Diso-harrova at 66," 135,80 days intervals 
 122 

C'Asel plough-on 28/5/767+
3 Diso-harrows at 66, 162 
and 59 days intervals 10.3
 

Rotavator on 28/5/76 + 2
 
Rotav-tiona ;at "'t53 and
105 vays iutervs. 10 

Underbuvter on 28/5/7T6 + 2
unde.bU'.tbqP, L-t 153 and 1IC1
 
days. intzdi3-e . ' - I
 48 

Diao-plouhing on 12/1/77 
 78 

d aI'. p"xTuh on "/177 11i
 

Rota'rator on 12/2/77 189
 

Uz4ebauter on 12/1/77 1:1 

Con;;,;., 204 
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Sub projot H.IfI 3/4.2 iv:
 

CHEMCAL COIM!IL' SPEMlGRAS 

; (Gf1;hqanto.vas ap plie % n ac'ively !g.cowng spIrk,.0 xolia. 

ine dry pe on, either IA high yolunq (309 1/ba) very low volume 

(20l/ha). 2g wetter was added to-low Volume applioation. jGlypho

sati at 0. 75,1 10: and 1.50 kg al/ha were ait.er 9plit-applied atj' " ,I ! *' L; .I ,weeks . 

weeks afterIt11elfiret applioatio4 or at 5qre~owth.* Thp table 

Iq. 45 show* fresh weight 9t 451,ei after aplication.1I speargrass*1 "' I 

wtthout any"post-raying outivation.
 

Generall very low volue aqlioat~o, were more effectve"on
 

speargraas than 4Jheir q:)rreaBpondI4rae nhgvou.Sp pss 

:was Wff'otively controlled y thosq treitnenta with initial 

applio.tion of'0.,7 kg ai/ha gl h t. with ta folovup apnlioaion 

of 012g,,pP50r 0.75 kg eithe=74t 2 webks fter .the inititj 
*. , " .--.a~pJ4oatibn or, at CY reg:Fowrth . Pollow-T.up application at 50%)
 

"' " ' ' : .. * . .
*regrowth yas m~(? feciv thi atp weeks af tier; initial, treatamnt. 
:.enl lrIae/hwsI, jr"" :: - - lit (0.5 +10"5) with a second.
 

g eh wa--ei~a split
 

gpation -one at 50, regro'-wth, it gave the most effective 

*sipeax~ i con olj 

http:Pollow-T.up
http:nhgvou.Sp


-- 

-- 

Table H.III )h9 

MTUCT OF GLYPHOS,,E ON SPEOGSS REURW (M HSWT. x 20 k /a) 

S E C O N D 0P PL)N 2 . .Gal/ h yah o a t k ppl ed on e 
 t w ek 	 At 50 9re rowth .Fresh wt,% regrowh Presh wt. 	 --..% regrowth 	 -,,,-Fresh wt. % regrowth

0.5 + 0.5 (MV) .. -- , . ' 	 '. " " - 176 . 20-87 . " 52 -------- ,1314o, 

0.75+ .7. (ULV) 

43 
 11. 23 6.4 

0.5 	+ 02 (V ) 

229 
 • 5 14.7
0.75 + 0.5 ULV)


0v75 + 0.25 ,29 T)9
" -	 23- 106 	 6.828.8. /49 13.3 
0050 (ULV) • 174 47.3 -_

e.75v)- ( 	 : .5 .z '. ... _.. .... ... . - . .. 

o.75 + o.6 wet er (Hv), 352 95 7- "-. . . . 
1.00 (Vw 222 
 60.

1.50 (iw) 159 43o
 

,ro- 68 
 1 

-
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CHEIDCAL CONTROL OF SPEARGRASS 

SITEs 	MOKWA
 

Actively gtowing speargrars waz sprayed with glyphosate in either 

very low volpme, (20 1/ha) (ULV) plus 2 Agral or high volume 300 1/ha. 

(HV) plus 0.W0 AgraL on 7/12/77. Two blocks were slashed at 3 weeks 

after 	application.
 

At 10 weeks after application, glyphosate in ULV was about four 

times more effective than its application in HV. With the ULV 

application, there was no advantage in exoeeding 1 kg si/ha glyphosate 

while about 3 kg ai/ha glyphosate would be requir.d to produce the 

desired control 

Table 	H.III 50 

EFFECT OF DRY SEASON APPLICATION OF GLYPHOSATE ON SPEAIGRASS 

Very low volume High volume 

%control %regrowth %control %regrowth 

(scorching) on slashed on slashed 
(sirhii) plots (oorahing) plots 

Glyphosate 0.5 70.0 7.41 -

Glyphosate at 0.75 82.5 3,73
 

--Glyphosate at 1.00 95.0 0.00 


Glyphosate at 1.50 95.0 3.70 57.5 7,41 

Glyphosate at 2.00 - - 70.0 7.41 

Glyphosate at 3.00 -	 95.0 3.70 

Glyphosate at 4.00 -	 90.0 3.70 

0.0 100.00
Control 	 
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Rev e w 

A. 	 *°terorOgI 

During the year some 13 experiaents.wo n-at.s 

on the subject of.intereropping. These were in addition to 

extensive trials at State locations within the sorthern States. 

Experiments can be grouped into the four oategories listed 

below, 

i) Mixtures involving cereals onl 

ii) Mixtures involving cereals and lelpmea 

iii) Mixtures involving cereals and cotton 

iv) U!xturo designed to investigate plant.
ccmpotition effects of plant population 
change. 

i). Mixtures invelvinM cereals oni: 

Work under this head has involved three series of expari

ments carried out during the three year period 1974-76o These 

have been completed and the work written up and submitted for 

publication. 

The first series of experiments involved all combinations 

of pairs from six crops: ex-Ghana, ex-Borno millets; Bomo local, 

Samaru 123, 0 96 maize varieties, and Short Kaura.5912 sorghum. 

Comparisons of yield differences between crops grown inmixture 

and the yield of those crops grown sole produced a clear rela

tionship between total yield gain from the mixture bnd difference
 

in ago o.t harvest.
 

Total yield gain, expressed as "Reoiprocity" (R), as defined by:
 

R - + -i)/2)where YIj is the yield ofy , 


nrop i in mixture with crop J, 
 Yii is the sole crop yield of
 

crop i: Yj and Yji aro equivalent yields for crop J. This 
relationship was: ,RI = .009 -	 .00268822D.+ 2ooo73Dwer
 

D - diffeenoe in lays to harvest, and accounted for 836 of the 

variation in yield gain due to mixing. 
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Vie xvlatiorzhip indicated that gain 'i). Ibe obtainsed wn 

ther aro at least 43 days ~~nhr~ 2,
 

tLyJ p the correlton betvn 
 1o.ted excew in
 

hO.,I t of one ;eceal over Vho 
 other in the .ixWure ard cAL- In
 

yield wa: highly signifj. (excess in 
 height u di.. i , between 

the c ,zhof (f)hi. :.:z<I(x:)hjjI where (f)hi i 

ourvC Vor heighb with tji, f'or cereal . and (f)hf i'r tThe
 

other cereal. As an 
example the cof'*L-,i or e"t ,i
 

millet was .9456, significant at 
 ,, "f$with I2:3 

The second series was d 2g;ci to th ef f aoctr
 

of diffe'rentes 
 in height mo:.. czmpletely. This expoI,!.men-t onsis-t ed 

of combinations f':.-:,
of all pai -r-: seven sorghum vario;!ien chosen 

to mature at the same time, but at different heightes c.-at
 

approxiit-,, the same height but at different timoz . PurconLo
 

;ain in yield in' the mixture was highly sign icily 
 relati d 

to both height and age diffe:ences.
 

093.i5 


sorghum in a mixture will gain provided that h at[.t 


a 3.5 + )d + .1271D0 eaowed that yield of 

harvest
 

differs by more than ,59m and age by 
more than 51 days.
 

These series of experiments have demonstrated that cereal
 

yields in mixture will be highe.' than those in equivalent sole 

crops provided there is reduccd interference between plants 

during their reproductiv-e phase either because the upe, part of 

the canopy, known to contribute most to grain production is higher 

than an associated plant, or because the oth n, p!t is not there 

during the 40-50 day' from ear/head initiation to grain maturity*
 

Thus the subsistence farmer has a sound physiological bailis 

for mixing millet and sorghum. 

The last series of experiments was with selected 3-crop mix

tures of millet, maize and s,)rghum and demonstrated that maize can 



be Inoottited ,o. the farwe. millet sorghmMLAire without 
loss of Y;.A4 -and aw ,n, a.gater.spead of grain harvei. 
than the tv.at prpent,, 

Pinalp thse trials, carried..out under fertility. levels 

considerably ihqr .$han thoss normally usdd.by-.farmers, have
 
de itreted that. theze.,oa .beno 
Justifioation for'perruading 
fa -:$an g. tQ sple. srppin ,. .a .the level of -teohnolo, is 

raised, e the.grou thatyields from oolb oro 'will be 

higher*.
 

-:) _t.res Mvkl..!.reala 
 W legumes,
 

.there were 
 two series of experiments under this heading, 
The first, investigatip .the.-"gice" 
 ,ystem of cultivation with
 

cereals and groundn -s, ,carried out during. t-, 
 three years 1974-6 
1976 has been completed, written up, and acepted for.publication. 

The second series, with cereals and oowpea, is now in the aecond 

year of experJmentatAoi.
 

Investigations with the gioci system, uhioh involves sowing
 

cereals at wide spacing and sowing another orop.later .within the
 

established cereal,..in this case groundnuts, have d~monstrated
 

that a 27% cash.gain was obtained on average overall three
 

years.of the erperipent.i-hen oompared 
 with sole gtbindits'% Not 
only have these experiments demonstrated tie lprofitability of the 

system, but Also that .the system can be imprcved by ino eesing 

the density ofcereal and by.adding maiie to the, ushbal, millet 

and sordum. 

Groas p.ofit over sole groun 'nuts.with -widely spaced cereals 
was 1599, with olosely spaced oereals was 39,#6. Gross profit
 
from the.
e-cereal mixt.-.at 'ose. spaoing 
 'as"53.4%. 

http:mixt.-.at
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T "Geoud "iri . with cereals end oOwpea, = the 
ef"eots = o p. y1eld o intarwA " woP a 'Md&T established 
stands of three maize varieties of differing times 'to maturity, 
Reaults rom ttthe year, 1976o qf.the experiment are quite 
exciting. Yield of oowpea, f'rcm all eight :varleties tuted ia 
hliy Correlated with length of' px.odof Maizep and two 

Sbothacal (var02,247jWA r1696) "gave Yields 

of 1381 and 1.80, keJha7, -esPeotige 4 &ddltic'i to!Y."1 W26 k9/W"
ef grain frem Upper Volta Eialy maize. The exo.tila fat6 was that 
this varie,y of maize,- harvest tU. p'tbegn 

flowering .a4#at noj inse6t 'control ftasures s. were 
taken. If th4p result ocan be 'repeat ,th2en, 61e ayi..ome 
mechanism is operang which, when oyvpeais &own within maize 
prior to flowering, is imbuing some resistance to attack by 

insects.
 

iii) Mixturesinvolving cereals and ottoni 

These expe3ime t, 
 .vstiatii19 d of cotton 
within cereals. nd soe, and"growing ,perod of cere-..l, have been
 
completed, written up, 4Zd, accepted .,fo u lib, tion. ResIlts 
indicated that cereal yiolds were nat 
 ' the~presencewe nt ffe~ed th ofreec of
 

cotton but that cotton yoeldn we re reduced by-both delayed scw..ug 

and presence of a cereal,
 

Beth cotton height and number of.,symp dia"produced were 
affected by delayed sowing and by ier 
 sowing 

cotton early, preferably at'the same time' s '.ne cereal, allowed 
cotton to produce a frame comparable with that '6f sole cotton, and 
a 60t~on yield proportional to that frame.- Although cotton 
yields were reduced by.,interaoying with - even when sow.
 

at the same time as the cereal, gross cash returns were coll
siderably higher from the mixture? partiouhrly when maize was 



Mea 

Ub~nis ofJul'* "1s*04, c'n!! S-,--a sole 'gown at the 

th. creal c&.± A cotton 80"n at the 

saws 

time wtr Uax cash retuva the Iixtre of oc uAo~ 
ma4ze sow ut the be6:iILb of June was U827, 17.% o than
 

sole, sot-ton and 3~greater than Bole maise. The .
 ,when 

Octton WU- -,4eraOwn veeksaY:r*, Inter, gave a cash :return of 
Sgreater than early cotton and 275
 

than .. ie cotten o,:,,a t1hre weeka late.
 

Times, t'aLaai s 
 .4ho delay sowing of cotton because
 

Of other operations on wbuld
cere als, better advised to sow 

. .. cereal.tton early within the 

*v}Mj~~1es nvetiatingDlfl O IItiin S 
There are four series of experiments, two of which hav. seu 

initiated in 1977. Both are systematic eeigs' the Tirst attempt

ing to determine that part of a plant viich cueee nteferwnoo
 

with growth and yield of neighbouring plaatioThis trial.
 
involves different varieties of maize.-
 The second invoctigate. 

contiznuously changing populations of oowpea and maize, both mixed 

and sole.
 

The ifivt to seories are now in their third and second year 
of experimentation respeotively. The first attempts to determine 

optimum populations for cereals within mixtures as a function -f 

differenoe in time to maturity. Results are as yet unclear but 

indicate that in a mixture of maize and Short Kaura sorghum, where 

maIze is the taller of the two crops, then maize population 

should be raised by approximately one-third to eptimise cash return. 

Population of sorghum should not change from the normal sole 

crop population. 
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The second ez r . proaohed the prob m rp & different 
an1a. by utill*i--th - ,.AarelatLonshp betven cerea yield
 
per plant and popul:, change. 
 Thus an voptj.p Ppulatioio can 
be aoleulstd f .=the. linear equation fo. maize -within a mixture
 
and grown sole, It 
 was found t.t the ratio.between the Vioreti

.eally c..culated "optimum" population and tho p_- ua1 Pep~latjt4 Wa 

very significantly correlated with ear height of the maize variety 

used, in mixture with Short Kaura sorJium.
 

Population theoretical = .13 + .791,.where'H = ear height
 
aeaeud from aize 
at tho -o ,mally accepted opiamum populatj4 

(47000,4.a) for sole m 
 (e.(r = .9468, sig. at .01 prob; r 
 = .896411 

This relationship can be combined with the age to maturity
 

of the maize varieties to give the following formula:
 

M I
 

there M, and N2 are the days to maturity of the two crops in the
 

mixture, and P2 the population of.sorghum.'
 

Thus, knowing the age to.matu4.ty of the maim vurxety, 
ad
 
the ear height, it is possible to calculate the proportion of sole
 

crop population .that population should be raiae 
 t s optimise yield.
 

Although this is but a first measure it'is logical that +ta
 

higher the ear is in relation to the sorghum canopy, and the 
longer that situation prevails, then .the ipre light is available 

for grain yield per plant, end the higher the population should 

be to optimise yield per.unit area, 

http:matu4.ty
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'It* Intiroppi4 iork desoribed In this 6port-wau be8ul 

IV; iama ~X#~" wnstrats8- thart hetb-NJZar: 

tense fux'-r has been correct to resist. o.verevic. *t so' arc 

ping. Th(e:) are advantages to sole o-,opp#Wg, :ao , .) . ast bein 

zthe abS 1. %Vj0to meohanise and thus oultivatx. 'large areas "nK l nd, 

and that it ismore'practicable to apply vaious protection regims. 

However, the major disadvantages of eolo cropping o,'".the ina ility 

to utilise the -rains efficiently, and ht t is t ossible to 

mldntair. a. legume on Vi ground continu.ousl.y. The overlapp.ing 

.interoropping practisld by the subsistenoe Aprmer adds at least a 

month' to the.growing season, permits' flexibility 'in choibe of 

crops, and allows continuous legume covezo 

The next phase in interoropping researoh must be to attempt 

integration of the main mixtures into a system which, if not 

completely self-sustaining, will-reduce the need for expensive
 

inputs. It is required to:
 

a) develop ideotypes of cereal suitable for mixtures
 

because reproductive phases do not overlap# either
 

in space or time.
 

b) Investigate the value of rotating legumes within
 

mixtures for maintaining fertility with reduced
 

fertiliser inputs.
 

o) 	 Investigate insect pest and disease relationships
 

within mixtures, particularly for those crops which
 

are very susceptible to attack when grown sole.
 

d) 	 Study aspects of inter-speoifio and varietal com

petition with the aim of reducing inefficient use of
 

environmental resources.
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vil"ele oo yrerlit-by,-. , b ri o 

~ c . both =d fx~g tewu 

owiad sown on oddpsrId.tix.olusnU 

Cerals saz 'aal numbeiredn increasewTito80 . tor 

ove Owialreas mixtL.r ine yAblock ay ibce (tI(ae 
saOL, 5iogona1 before %. romisation)• or a., ,ae, 

Analysis wasaimplified h.tiqr1yod1and evv'n 
;idges sepaXa y to give -two yi;kI r. i.m.ot Tfo;,3 
ti-dlinig 6ol0 crops. 

Othe 1974 nd 1975 experiments 0-o 1bn 
d~rsi .e.Ss.e300 kg, comp.nd 20110110 ba1 . 2z1976 

*tebasal &ressing was inoreased to 800 kg. I.,-

Each cereal was ana3,lyed eparately e.ar ado i ye,,ar 

e anl ot giveO ~ 1o Tae A(,.sian-.wie Tablv 

Table Al 

Yields of i-Ghna Milenat in e. grain-g i g. h& 

Grown with 19 195 197 

Ex 'Benc VF)o 1225 1854 16 i 
B. Local 1788 1052 1657 '1546 

S. .123 IM3 1157 1714 1603 
096 2054 1214 1707 i672 
S.K. 2366 1274 .22 00 15,47 
SOIR 19P.3 1125 2053 17q" 

See. Single Pl.ht±. 225.7 168.8 315.8 248,9
 

Althougii tiero w-a vo aiffe7.no9 la mny yaa'. botv.. 
yield of sole crop e): Ghana anzd the mean of atixed ex: Ghana, 
ex Ghana gown-with Short Kaura was.sever lower tkap the 
.sole -crop,.-being significantly gi'eat.ip s~,oy. mm 
thavyield -of mixed ex Ghana ever '4.enifipaSr Were's than 
the slo rop yield. 

http:gi'eat.ip
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Table. A2-. 
Yield 0! ex Bonw. i 'Uet in kg. grain, Mai -;l., 

Grown uith 19?;4 1975 V~976- Mean 
Er Ghana 122Eu T~ 

d0 Local 2283 ';50 22146 1926 
8. 123 2042 1t91 1925 1686 

t96 2286 1186 2154 5 

S.K. 2611 1212 27. 2236* 
SOLE 22r, 1130 '3.d91893 

S.e. single plot + +279.1 !80--]236.6 192.? 

Ex Borno grown with short kaura sorg-nim always outyieldel 
sol'e crop ex Borno, significantly so in 1 1976, an4 overall. 

When grown mixed with S.123 maize ex Borno was significantly out
y1A:>~U by the i:ole crop. In no otY mixture was there a differenoe 
in yield.bot-o,-¢m 2sole gnd mi,:ed ey.x rao millet. 

Table A3 

Yield 9f'Bbmo'Iocal maize in kg. grain 0 146 me. ha"I 

,rown with 197V4 1975 1976 Mean 

Ex Ghana- 3530 2924 5188 3881
 

Ex Brmo 276 2794 5321 3634
 

S. 123 3047 3154 4714 3638 

Of; 3060 3095 5428 3861 

SK. 3781 .315T 6179 4316 
SOLE 3170 3157 15792 404
 

S.e. s grle.plot 1 
 334.5 5915 1088.9 764.8 

Bomb lheal did not gain significantly in yield over ;Al 
'yea±s 'whengrown with any-other crop, though there was a olear 
trend to yield better with short kaura than other oereals. 



3 fti'nh~u , In grain #, g n"", kia 

RX 
~ ~u 
Xa..4101~ 

M,'?K. •6 

SOLE 

""!"a4LplotI 

£ain&rA 123 nzro 


betiv.n sole orop ,ax),i v'hvi 
Mignifioant gain was mad., 

47E 2562 5W -4646 
i$~ 2211 1295 4831 

3239. 6072 4595 
4374 2801 6758' h-05 

2764 7389 53r, 
3317: '6833 2330 

526.1 '649 1646.7'~ 

no differenoe in yield 

r.xed :.m.-l years. A 
in 1974, 'i grown with short 

k4LUra, and a lnua in 1975 when grown with . 

W)I Table A5' 
Yield of 096 zsae in kg. grain 0 116 m.o. haI-


Grow. with 


E Ghana 


Ex Bomo 

D. Local 

"t. "12j 


-. K. 

SOLE 


1974 -19757 1976 Mean 

3789 7551: 5604 3981 

3430 2736 6481 4216 

3553 3583 6141 442i 

3524 3081- 6280 4295 
3770 2869 611 4517 
3457 3337 5775 4190 

S.e. sine plot + .9 _. 1223.0 918.O.... -maze was*o ffo"t"-- w.ft
eL-p"y% mii 

other oereala l any year, nor overa1l.
 

Table A6
 
1
Yiald ef short kaura sorghum in grain @ 14-.mo.'ha"


02:.,on vtith 17, 

,'%Gh 
4w 

m 3225 
3175 

Bemo local 3027 
B 123 2489 
e96 2461 
SOLE 2827 

Soso isi P]qt 346o-9,-

'!95"" 7 Mean 

2857 
'2565 

37i"
3A 

3275 
3188 

2857 
2436* 
1847 
.2247. 

360f 
3091 
3024 
3418 

3162 
2672 
244 
2338 

51U-4 929.9 665--& 



A!Whoun hrse vie aggan a clear trjnd floi zrt kL&xa tc 
yield better when nfr-, vi-h , f.t.-,fpa the k -Ldua 

Yield differs~jes were Ao sigaaint 

Xsthcra;,. io~n analysing crepa individb*JlIy, it haf V&aj 
tto cP> AW~nstrate significant gains from mixing no crQ;; 

lost y:ald Vh.t'Wx-:d with another, f3o thoexcept the -,:i 
example of Sa) 2x3 itith ex Bumo in V'752'12-w.d if yield 
in Drtures in e yr=d as a percentage *.V sol crey yields all 
crops c te combined for an cverll anelysis. When .thia is done 
a very e.r relatizmship ees betwot.n y'ld of - when 
mixed arA. 'he number of days difference tj .ttWrity btr ween the 

two 't.:-.1ps conce ~.., _his relationship accou ted for 88% of the 
,vriati~on beatwure as is given below 

X;

11- 100- .2635D:+ -0057 D 

2 

Xij , TvIld ct eliiop i grown vith crop J. 

Xii : Yield of crop i grown sole
 

X iJ ::Yield of crep J. grown with crop i 

X = Yield of cr-r J..grown sole 

VD = Days difference between harvest .f carx~ ead J. 

Gain in yield will be obtained when the differenoe In harvest dates
 
%
is at least 48 das; t -,curve is given below. 

Although the data is not given here, since it is not yet
 
analpsed, the diffeewue in height of the crops also plays a 
,euanderablepart ii producing again and, as described later in 
tha population experimernts, Particularly the height of the ear
 

where maize is roncerned.
 

These particular experiments will now be terminated, having 
been run for three years, whilst mixed variety trials are conducted 
at Sate loitions. As an interim recommondation, the fellf'ing can 
e used for cereal mixtures:
 

1. Choose crops with at least seven weeks difference in
 
harvest dates (this can be done, as is praotised by

farmers, by sowing one cereal earlier than the oeier).
 

2. Chea'ee a fast grewing tall early cereal.
 

3.' Choese .ablow growin& .late cereal t at is either (warf
 
o has two periods of fast growth (as ahort kaura sorghum). 



1.2 :Jt4Mzeum Variotier 

Iii the' fivet zra .3 r_ mwA1' attemptsa w mauit t* 
d.J x trate the. of dine i'
aP a ,iterinm for ooi, uilng aereala fIo0r.tiix±r The premise 
bei-n that an narlv vartiy whilh is t 4!1 r thar the 'later
 
haxryested or-or. mkes better 1,sa 
 of ligkt; he cr -'nLyaJ;l4M~or 

hMe more light to utilise beoause 
 of the itmcval fif the £:at
 
crop. In thia 4eris of experiments attezpts have been nao 
to
 
estimate the relative importance of height at maturity and days 
dIfference to harvest, without being oonfounded by differenoem
 
Ic,17eenpooa
 

S~ven varieties of sorghum were userp kihse. r" that they

either ,tvad at the same 
 tini, but at differnt hu4At, or at
 
approxinteO 
 the same height, lut at different tiaran, The
 
varieties wcre chosen so 
 that their' yield potentials i appre
ximately the.same, although it mit j, realised that .t Is net 
possible to 1b exact where -4h1tber taIght or yield perfo.aee
 
is ecnoernek.
 

Varietios were: 
i 960.1 Approx. 106 days-to maturity and 1.4m tall 
R 21 " 137 " " " " 1.5 " 

.187 160 "' " 14.:1" " " 
1412 16Q itto It. . T.6 0 
181 160 "" 1.8 
SK 5912 1 1z~ is n go 

FFBL i 160 i I " 

There was considerable variat!, n ix yield, and performance 
relative to 'each aole crop, betwaen tVs two years -of the 
expr:iment';:Yields are given in Table 6 and 7. 

An interim analysis, •based upon annual means o4y, 
indicated that variation between mlxture aooouted for 5% f 
total"variation, whi). the linear compohent of.thp relatiox 
between height difference (at matrity of the earlier variety), 
days betweenlharvest and yield relative t' sole orep yield 
accounted for 716a of the variation between mixtures. 

The reiationship was 

100 (Xi. 92&8'+ .1503 (±.0006j H-,+ .1482(t .0093)b. 



Table4 

orop - Grown withf 

R 9.60 R 21 187 1412 :181 ,X5912 FFBL* 

H 960 1975 11 34 1235, 1566 638 1017 109o 549 
1976 1364, 1258 1220 1270 100i 945 770 
Mean 1249, 1247 1393 954 1050 1018 659"' 

R 21 1975 1066 1101 1305 647 792 757 565 
1976 270 274 245 218 272 262 233 
Mean 6,8 687 775 432 532 509. 399 

187 1975 2294 1908 2506 1929 2396 1927 1162 
1976 1736 1576 1904 1466 1660 1449 1736 

Mean 2015 1742 2205 1698 2028 1688 1449 

1412 1975 1659 1024 1647 i796 1611 1549 932 
1976 1483 1427 1221 1427 1562 1705 1134 
Mean 1571 1226 1434 1612 1586 1658 1033 

181 1975 1662 1710 2374 1494 2_141 1773 1129 
1976 1061 1113 1008 1356 1339 1243 774 
Mean 1361 1411 1691 1425 1840 1508 951 

SK5912 1975 3201 2451 .482 2781 2352 2688 2334 
1976 2465 2751 2333 3027 3141 3081 2525 
Mean 2836 2601 2907 2904 2747 2884 2430 

FFBL 1975 3463 3086 2971 2750. 3826 3156 1977 
1976 2460 2889 2614. 3172 2106 2775 2954 
Mean 2961 2988 2792 2961 2966 2966 1 2465 

If height at maturity.,iffers by moje 4a8 and daysoJm, 
between harvest differs by more than 48 days then the mixture will not 
yield less than equivalent sole oropr. It Is 'noticeable that the minimum 
period between harvests is 'the same as is the earlier experiments, and not 
poincidental that the time ketween hcadimg and grain maturity Se appro
ximately 40 days. That is cereal mixtures should be sp arnanget that the 
part *f the plant contributing.,to grain (above the ear in maize, r the 
upper canopy in sorghum and millet) should be free of competition for 
light during this period, either by being taller than the associated plant 
or by maturing later; and for both tp gain from miing it is clear that the 
earlier crop must be taller at heading than its associate. 
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I .3~ ~ e ert-qrit hava. attompt~c to .tnow~ OW gai 

ocowue frorPA idng cereals, by ca*nci ttif2-c 

Qenw~z.rIticn 4wx-ng the crition-I pa-ion fcrr Sxi I omation. 
TO' Pm-wrodim, Ve bem2erit ftowi urdzirig aooidc~m"- ru2i -t be 

tbea rpa~,muber o'f plansproA 

popidation. had thiy beer, grcrv sole. Lut9 .- bor-ai wv., 

tao ih.:U3 

.>UJ 

=E 

0zz 

I-U eCi 
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There were i4o series of experiments in both of whialch the 
ob,.z.Ikj were to relate p snt population in mixtures to sompi tharaoter
istic of the crop or LLcture so that, despite t'e xpxiol nature 
of any such relationship, reocmendations could be si.ply formulated. 

The experiments described earlier gave indioation . gains 
from mixing were associated with differences in maturity dates and 

heights. 

1.3.1 	 The first experiments, one t' Mdcn--'in 1975, the 6-i0;e- at 
Samaru in 1976 atte" d to determine population ofI£cereals'
 

in mixtures as a function of difference 'in tim- '14.iurity. 
For example, in a 101 mixture, that is.where each cereal 

occupies the sane area of land, where each cereal is bv,
grown at the same spacing as is considered "optimum" fo,, each 
as a 	sole crop then total plant epalation can be considered 
unity for the period to harvest of the earlier crop, and then
 
half unity until harrest of the later crop. Thus, over the whole
 

season "mean" population iss
 

= 	 I(PI+P ) + iP2 (M-Ml) M P
1I 1+1NP 
M2 	 2M2 

where 	M 1 and M2 t :e tic=s to h_r-vest of each crop in days, 
amd P1 and P2 are the proportions of sole crop optimum respeotively.
 

For a 1:1 mixture cf 0.96 maize and SK 591:2 sorghum, with
 
each sown at sole crop "optimum" spacing..
 

= 120(1) + 160(1) .875. 
320
 

In these experiments treatments were determined by setting
 

P1 = 1 for five levels .:fP2 ' P2 = 1 for five levels of P1 
and the resultant 25 combInations arranged in a reiidamised 
block together with 5 sole crop pipulations for each crop. 

Yield 	results are given in Table .. ,... 
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Table A$
 

Yireld IdK.,nzi1t 14% m.o. ha 1 foiazei~x"
 

ro~p populaorpm ole Przportion of maize sole orog population 
tion 

t 5, .8o 1.06 1.33 1.60
 
Maize 1975 2541 
 3564 4.411 2941 3987


1976 3706 4488 4998 
 4783 6052 
Mean 3124 4026 4705 3862 5020 

Sorghum 1975 984 972 1096 1146 1022 
1976 3337 2958 2347 3039 1981
Mean 2161 1965 1722 
 2093 1501
 

.85 Maize 1975 2255 3414 4037 4760 3140 
1976 3502 4137 4148 4216 5372 
Mean 2879. 3775 
 493 4488 4256
 

Sorp -' I">5 1271 1196 1221 947 ',171
1976 4681 2469 2578 3242 2171 
Mean 2976 1833 
 1899 2095 
 1671
 

1.05 .,aize 1975 2492 
 3688 4511 
 3364 3738
 
1976 3003 4896 
 4590 5191 
 3570
 
Mean 2748 4292 4551 
 4277 3654
 

SorgUum 1975 11321 
 1445 1121 1420 
 1196
 
1976 14138 2510 3405 
 2768 2958
 
Mean 2'12 1n7 2263 2094 2077 

1o,2.5.e 1975 2517 3314 3788 3375 4087
1976 2856 3842 5066 
 4386 3899
 
Mean 2687 3578 4427 
 3881 3993
 

Sorghum 1975 1844 1595 i-6' 1221 " .1196 
1976 2958 3744 
 3134 306 
 2347
 
Mean 2401 2674 2190 2144 1772 

1.45 maize 1975 2701 26112 3464 3941 3838 
1976 2754 3593 2963 
 3196 4601
 
Mean 2773 3117 
 3064 3569 
 4220
 

Sorghum 1975 1346 1371 
 1346 1246 
 1246
 
1976 3989 3392 
 3392 2496 2808
Mean 2667 p7381 236- 1871 2027
 

Sole crop Maize 1975 3159 3495 3420 '3121 
i1976 31)6 4040 41e5 3961
 

Mean 3178 3768 
 3773 M?1 3541 

Sorghum 1975 729 804 841 916 991 
1976 2835 3059 
 3109 2917 
 3493
 
Mean 1782 1932 
 1970 1916 
 2242
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Pr 	:; f.zw the mixtures are 	given in TAble.A.. 

Fairr Profit in Naira for maize sorghum mixtures at different pqpulatian 

Proportion
 

opsorgium 
 roportion of maize population

population 
 .53 ,80 1.06 1.33 1.60 Mean
 

.65 37.9 29.3 64.0 66.7 
 61.9 52.0 
•-85 106.5 -10.6 23.6 128.9 57 50.8
 

1.05 63.4 57.0 110.0 107.9 -7.6 66.1 
1.25 22.0 
 65.3' 89.8 74.4 -8.8 46.5 
1.45 60.8 
 -13,3 -24.7 12.4 
 4.7 15.6 

Mean 58.1 25.5 52.5 78.1 
 18.8
 

(Maize @ N10.3; Sorghum @ 22.8 per 100 kg). 

The experiments have not been analysed but inspeioion of mean
 
profits above suggest that pepulation of maize should be raised by
about a third whilst maintaining sorghum at the same as sole crop.
If this is done "mean" p'pulation for the mixture, as defined earlier 
becomes: unity. 

3.2. 	 The second experiLment designad u. investigate plant population 
of cereals in mixtures used that kg. yield per plant is linwly re
lated to plant population. Thus the slope of the line oan 'e ol
culated from two ?oints, one from a 
 low, the other Prop a high popu
lation. ,'Onoe the>slope of this lipe is knownboth optimum population 
ana the yield expected at that population oaabe caloulated. 

The 	experiments compared six varieties of maize, grown sole and 
with short kaura' sorghum, ecoh at three plant population. 

The 	varieties were:
 

Upper Volta early .. Low 	ear height .. 80 days to maturity
Borne 	Local .. .. Medium ear height, 90 " " " N.C. 	 B . G#-. .. to ,t " 100 " " Biu 	Yellow • • .. Low " " 105 n " " 
N.CA, .. ... . 4 High " to: 115 " " " 096 .. .. .. ,, f," 120 " " "
 

Plant populations were 1199Q, 24000, 
 4 03 plahts ha. 

Yields are given in Table A-10. 



Table A 11 

Yield as kg. grain ha-1 at 14% m.o. and per plant for maize and sorghum (Yields as equivalent areas) 

- I - 1
11905 plant ha 23805"plan t ha 47619 plants he 1 

Sorghum Maize Sorghum Maize SorgbumhacI ha-I -I
plant 1. plant ta lant a-I plant ha-1 plant ha-1 plant 

U.V.E. Scle 1 1 .117 25%6 .1-7 4048 .85 
Mixed 1687 .140 3156 .465 2814 .118 4398 .185 4740 .100 4495 .X94 

B.L. Sole 1456 .122 2722 .114 4719 .099 
Mixed 1385 .116 2368 .199 2728 .115 '3685 .155 4805 .101 3966 .083 

NCB Sole 3i467 .291 5336 *.224 7532 .158 
Mixed 3512 .295 2238 .188 5666 .238 3330 .140 8723 .183 4191 .088 

B.Y. So1. 3626 .305 6239 .262 8615 .181 
Mixed 3577 .300 2297 .193 6185 .260 3524 .148 9134 .192 3-834 .081 

NCA Sole 3577 .300 5833 .245 7792 .164 
Mixed .3528 .296 2095, .176 5384" .226 z.3113 .131 8658 ,182 3887 .C&2 

096 Sole 
Mixed 

3950 
3425 

.332 
7"86 2274 .191 

6342 
5714 

.266 

.240 3487 .146 
8268 
10303 

.174 

.216 3226 .G68 

Sy: Sole 2131 .179 3222 .135 3602 .076 
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Theoetical optimum population and yield for mixed andsole maize ard sorghum are given in Table A 12 

Theoretical Theoretigml 
Pcpulation Yield 
Plant44 ha.  1 kg. grain ha. I 

U.V.E. Solo. 112000 5367 
Mixed 1050D0 6043 
Sorghum , 5-0 5156 

B.L. SoleMixed 17100025800P) 82261-1526 
Sorghum 37500 43E7 

Nct Sole 
Mixed 
Sorghum 

" 
I 

58000 
750r0 
38000 

7674 
9518 
426C 

B.Y. 
 Sole 68000 
 9138

Mixed 80000 10248
Sorghum 38000 4201 

N CA Sole 59000 7982 
Mixed 73000 
 9404Sorghum 45000 3915 

096 .Sole 55uO0 0374
 
Mixed 124000 
 14477Sorghum 34500 3897 

Sole Sorghu& 38000 3876
 

There are always daners in extrapolation from oaloulated 
data but for eaoh maizo, except Upper Volta a2arly, the plant popula
tion require to optimise yield was greater for mixed maize than 
for sole maize. Sorghum required no such change in population, 

giving a picture similar to-the first experiments* 

These maize varieties were also chosen Ieoause of differing 
ear heights. These were measured (from randen teA plant samples) 
in each plot and are given in "TableA 13.' 
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e iTable A.13
7 
 e esa, height, theoretical "Man"pop~tten, actual 

Variety Ear ht.
(M)... tm)S
 
(...)
 

... ..
U V.OE. .7 1 ".73 75 r97 

1.°02 
 a92
,,, .78 1.18
 
1,11 .90 .81 
 1.11
 

BOY. 
 1.00 
 .89 .83 1.07 
1.c.A. 
 1.08 1.04 
 .86 1.24
 
0.96 
 1.43 1.30 .88 
 1.48
 

Pa is, of course, correlated with days to maturity of maize,
since sorghum remains constan4. Hiwever,' the ratio P .does not
 
Iemain .unity, as would "-,oexpected if Pt was simply a reflection of
maize age. Consequently, the correlation between and ear height

may bve some real meningo The ear heJght used ftr this correlation 
was measured from sole cOrpe grown 1
at 470PO plants ha" , the
 
normally accepted optimum'for sole maize, Even with the crude
 
analysis given ( cn means above) the correlation coefficient 
was + .9468 ( significant at less than 1% prob.)0. and gave: 

P -A13 +. 79H
 
Thus, kIO5W,-the 
age 4 u.icy if Int mnaze variety, and the
 
ear 
hi,.?ht, it is simple to caLculate the proportion by which
 
sole crop population should be raised to optimise yield in a
 
mixture with short kaura sorgh-am. The formla 'is 

1l 22 ( -13 + 7H)-M2 

Where M and P .re 
as prcviously-defined, and 100P 
the percentage 
of sole crop population to use, 

This is, of course, but & crude guideline and needs more

precise data. Hnwever, it does seem logical that the higher the
 
ear is in relation to the sorg;-um canopy, and the longex that
 
situation prevails, then the more light is available for grain

yield per plant, &nd the higher the population should be to 
eptimise yield per unit area. 
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1. 4. 	 -,U vork at Samaru with cereal mixture . a 
aeries of mixed cereal variety trials were initiated at State 

locations, as bell as Sauru, Kano and Nokwa. The State 
locations weres Panda, Shinkafi, Yelwav Bida, Kachia, Saben 
Gida, Fz'i":soi, Ladanawa, Yandev, Bokkost Pankshin, Isanlu-
Morkutu, 0zn-P2 u, and Alapa. 

Each trial consisted of six sets of four replications
 
of six plots in 1976.'
 

1. 	 6 varieties of maize grown sole and mixed with a 
standard sorgh'am variety. 

2. 	 6 varieties :, Maize grown sole and mixed with a 
standard millet variety.
 

3. 	 6 varieties of millet grown sole and mixei with a 
standard maize variety. 

4. 	 6 varieties of millet grown.sole and mixed vi th a 
standard sorghum variety. 

5. 	 6 varieties of sorghum grown sole and mixed with 
a andard maize variety. 

6. 	 6 varieties of sorghum grown sole and mixed with 
a standard willet variety. 

Each trial was fertillsed with compound 20,10110 0 300 kg. ha "I , 
except Bokkos and Panshin, which were given compound 12:12:17t2 
at the same rate.
 

Results have been tabulated for Samara and Kano and are given 
below. Also are 	tabulated "A" = Aggressiveness and 
"R1 	= Reciprocity. 

"A" (YiJ . /2
Yii 
 Y.
 

"R" Y=+c' /)-1 
yii 

If "R" is positive, the mixture has made an oveall gain in
 
w.Yi.el ompared 
 with 	sole crops.o
 

If "A" is positive then any gain in the mixture is because the
 
standard crop yields proportionally better when mixed than the 
particular variety being tested. 

A good mixture would be one where "R" is positive and "A" is 
either zeret .r indioates that the orop of hihest value eentriutes 
mnst to the gai.'o 
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8hs11.ze~*t.Eo 4Xn lot yet been''~7 grldiiekght. have -
dqt4 wdnod. . liata is banred cm 06Qh-~a~n. as & cowergion 
fatol to dry grain.
 

Maize and sorghums.... Tablh..4.14. 

Mixed Sorghum mied "A" 

B. Looa9- -942 4615 . 2260 -.0553 -1.2l;29 
8. 123 5317 5496 2153 .
-.1247 .0910
 
TZA/I 4518 5070 1507 -.2868 - .1642 
TA/* h1075 4632 251-. -.0972 .0123 
T .A/3 3637 4452 2i 7 -. 2264 -. 0023 
096* 4827 4501 0117 -0806 - .1482 

, " 745 
Maize and Millet -

Table A 15 

Variety Sole Mixe±ca kixed illet 

B..Lool 3148 3606 2079 :-. 0230 
,795 1862
S. 412 4436 00412 -.0336 

TZA/1 4045 4175 1740., -. 0453 .O-.132 
TZA/2 3213 3458 1740 -. 0673 .0089 
TZA/3 341 17943246 .0137 -.0429 
096 - 4257 4143 1903. .0283 .00 5 
EXC Borno(IAR)11ll -

Millet and Maize 
Table A 16
 

v.,elye bole Mixed MW-&d -M Ze "A" ". 

Er Gha.M E202 2052 4061 .2219 ,1538
F Benue 2922 3275 4387 .1827 .3035
 
Nig. Comp. 2528 1346 4176 , 1 -. 0265 
R Bo'rno (K) 1169 4289 .2555
1237 .1974 

World Comp. 1767 1400 5154 .4768 .2691
 
Ex S3orno(IAR) 1944 1835 1 4762 .3346 .2785 
096 Maize 2952 

http:Tablh..4.14
http:8hs11.ze~*t.Eo
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Table A 17 

varietyvx C AMa 

She. 

2936 
NMxeT 

3278 
I 11ZU9 2260 2906 
NJq. comp. 2185 2658 
E 2022 2397. 
',." ,rldcomp. 2022 2561 

oXBerne (IA) 2544 2756 

Sorg-hum and Maize 

)i.xe4 Qxra 

L58 
2153 

1686 

2009 

1543 

2476 

!O RO 

-. 0617 .o-.8 
- ,290 .068 
-. 2841 -. 0677 
-. k'065 -. o21i 
-. 3367 -. 0701 
-. 0657 .0176 

Table A 18 

Va. ty Sole Mitxed Mixed Maize* "'A-" tR" 
181 
 1543 1148 
 4974 
 .3073 .0513
 
187 
 2835 2189 7763 
 .6742 .4443
 
FFL 
 1579 1328 
 6083 
 .4103 .2513
 
1499 
 2619 2117 
 6817 
 .5269 .3352
 
1412 
 2835 1615, 5643 
 .4859 .0555
 
SK 5912 3265 2476 
 6197 
 .4672 .2255
 

096 
 3661 
 -'-'-''--
-'
 

sershumandM.-Ltle i 

Table A 19
 

Variety Sale Mixed Mixed millet VIA" 
181 
 1328 1328 
 3131 .1094 "1094
 

1758
187 969 3131 .3338 -. 1150 
FFBL 
 1256 2153 
 2577 .3555 .3506
 
1499 
 2547 -2691 
 2887 .0336 .002
 
1412 2225 ,.1902 3246 .2043 .052
 
SK 5912 :2799 1830 
 3164 .288 -.0573
 

S.2569
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W3.Jevarieties were: Bomo Local, S. 1e3, TZA-1 TZU,2 

TZA-31 4,v 096 ; all mixed illi norgirum variety T,.
 
Mean YLelds are given in Table M0.
 

Table A20 

YIelI.n kit. a , 

~Vztt 1S.le Mixed SOZ*au (rniiod) 

l1 -- 1077 394 -.o.56 .110 
o. 
1423 1441 1006 552 .6i9 .6593 

!ZA-11374 1020 1483 .091 -.1662 
TZL-2 1389 1378 373 -- 1388 -. 1467 
TZA-3 1052 1567 
 429 -.3339 .15557 
096 257 1118 588 -1.6119 1.7383 

Y.G. 522 t 1.3258 ±1.66
 

+R - gain. 

-A - Test crop more aggressive and gives gain. 

Syrgrum and MaiLSo Table 4441. 

Variety Sole Mixed Maize (mixed) "Ai "R" 

liZ 1 477 217 386 .1849 -. 3601
 
A 9025 251 623 220 -1.060 .761
 
Ken. Line A 
 577 636 1206. .7373 :.8396
 
Kane Line B 44 130 243, 1.2177 ..7369
 
Y.0. 41 617 562 
 -.1358 •3367 

096 468
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SorEEum and millet 

Table . A A2 

Variety Sole Mixed Millet(mixed) "A" " 
EZ 1 
A 9025 

Xano Line A 

8 
208 

30 

16: 
112 

32 

2100. 
1695 

1720. 

-. 0028 
.5959 

.2834 

.9972 

.0138 

.3500 

r*G. 
Y~noLineB8 

51 
17 
2f, 

599.6604 
.04 

.-. 1419 
-.059 

IL-.o 594J 

IR;.TaleI.) 05 A.ro 

Variety Sole Soxion(mixed) "A" " " 
Ex Ghana 1067 1514 mo -. 5054 -. 6865
Hx Benue 1353 11589 158 -. 3185 -. 1441N1g. Comp. 1032 2320 
 .127 
 9080 .3400Ex. BCrno(K) 1248 20 

.-.

1629 
 -. 6186 -.3133 
VWmrld Coinp 895 1497 
 97

M Borno (IAR) 

-. 67-13 .00131521 1655 1123 -,.3,49 -. 2468 
Y.G. 294 
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The Bamo -z v~hoo(~J..a ~~~
 
milet.
 

Table A4.*. 
"1 

Yields in kg. grain ha. 

Variety Sole Mixecl Millet(mixed) "Al tIR" 

B. Looal 222 133 
 1936 .4223 .0214
 
S 121 401 228 1881 .4171 .,-0144 
TZA-I 969 212 1834 .5744, -. 2068 
TZA-2 
 1076 492 1731 .4168 -.1260 
TZA-3 502 301 201b .4511 .0507
 

654 179 2171 .6726 -.0537
 

Ex Borne 1341 

Millet and Maize 

Ex Borne(Kano), WorldCompoeitewere Er Ghana, Rx Benue, Nigerian mposite,'Millet varieties and Ex Boino(I.A.R)! all grown 

with 096 ,mize'as standard4. 

: VarlTayble ..... 

Variety Sole ,Mixed Maize (mixed) ."A" "R"
 

Ex Ghana 1240; 1309 
 81 1-3976 -,341O 
Ex Benue r. 1580 1377 310 .0626 -.0658
 
Nig. Comp. 1592' 1570 228 
 -.1265 -.1404
 

ExBarno(K) 1669 1856 
 86 -.4178 -.3057
 
World Comp. 1335 1781 76 -.5449 -.2100
 
E Borno (IAR) 976- 1829 734 .2431 1.1171 

0 96 j311 
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UV,.- maize. yie1Oa were 
Poor, .i11~t yielded moderiately well., .Without ina2~aiu of all the 

,data it .matureis vj to draw oonclusion. On average, !nwxed 
Maize produced 42I more grain than sole maize - when gxown with 
a failed sorghum oro a result to be expeated and of little value. 
When grcow.with millet, maize yielded. very poorly, some 40 of 
"Ic crop yield. Millet showed gains when grown with either sorghum 

(3)or maize (16%)0' 

At Samaru, where yields wc:. 
fair for 41 orops, 'ise did 
not lose yield when grown with either sor~zm or millet but 
sowed gan. Sorghum oonsistently lost yield with maize' 
and ronly two variet.ies (PFF~pL 1499) showed gain when grown with 
millet.- Similarly, millet' lost yield overall when grown with 
maize, and showed gain up to 30)6 when grown with sorhum. 

It is hoped tbat when data from.the entire series of
 
experiment becomes available, 
 and despite high variability, 
because of small plot sizes, real difference will be found 'between
 
different varieties in their response to mixing, and that 
these differences can be related tod-ifferenoes. in habit, 

There were three other trials at Samaru concerning mixed 
cereals. -The trial invetigating 3-cereal mixtures cannot be 
reported since the logbomk is, as yet, incomplete. 

Effects of time of application of nitrogen to aimixture of 
sorghum.millet and 

Earlier work had shown that in, as mixtue of millet and 
sorghum, millet removed all its required nitrogen within the 
first six weeks and this may be to the detriment of sorghum. 
This experiment was designed to determine if there is a need to 
split applications to millet and sorghum, so that both would gai 
nch enef it. 

There were five fertiliser treatments; 80 kg. N ha-, as 
nitrchalk, was either not applied, or applied at. swing, 2 weeks, 
4 weeks and 6 weeks after snwing, to each crop grown sole and 
mixed. A basal dressing of single superphosphate was given the 
entire expern~nt before sowing. Ex Bornu millet was grown with 
sorghum SK 5912. Yt.el.ds are vivon in table.046 

http:Yt.el.ds
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Table A 26. Yield of millet and sorghum in kg. grain ha "1 

0 U6 M.e. 

sorghum Millet
 
tion ' 
 "A" "f"

Sle Mixed Sole Mixed. 

- 1441 1617 12941234 .0368 .0854
 
0 3337 2901 2587 
2341 -!0178 -.1129 
2 2141 2079 1783 1760 -.0080 -.0209 
4 3657 3517 1910 1712 .0327 -.0710 
6 3518 3311 1928 1654 .0416 -. 1005 

LZD. I 527 
 356 336 
 225
 

Only when nitrogen was applied at sowing was there a 
differential response to nitrogen by sorghum grown sole or in 
the mixture. When applied at sowing, sorghum rannded
 
considerably better as solea crop. 

Apart from the apparently anflm&]eus yield of sorghum when 
N was applied 2 weeks after sowing, there was no difference in 
response to time of application by sole sorghum. Mixed sorghua,
 
htwever, responded best when nitrogen was applied late.
 
Millet, whether sole or mixed, always responded best hen N was
 
applied'at sowing.
 

.4. The final experiument with cereal mixtures was 
with three 
varieties of sorghum and three varieties of millet in all pairs 
of combination. 

FFBL, SK5912 and SE 187 sorghum were each grown with 
ERx-Ghana, Ex-Borno and Nigerian Composite millet. Sele crops were 
not grown. Yields are given in Table .4,27 
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Table A 27 

Yield in kg. grain ha " 1 at 14% m.o.; height at maturity 

Plant HeightSorghum Millet Sixture 
- Sorghum Millet 

PFBL / Ex. G. 2372 1088 320 210
 
Ez. B. 2341 1198 360 'l0
 
N. C. 2219 v1-.4 352 245 

SK 5912/ Ex. G. 2131 1300 165 229 
Ex. B. 2267 1495 175 217 
N.C. 2049 1218 200 235 

SE 187/ Ex. G-. 1960 1196 183 
 230
 
EH. B. 2189 1310 165 205.
 
N.C. 1971 1241 
 177 245
 

There was little differenoe between yields o sorghum
 
when with different millet varletiesa .Mi" .t, however.
 
did consistently better when grown With:shorter, slower 8rnwing 
sorg.um (SK 5912? SE 187). When g-own with FFBL, whose oanopy 
height kept pace with millet until milletatured, millet showed 
reduction in yield. 

In summ lr, '
where mixtures of cereals are ceoe6rned, cnslso. 
tent gains from mixing have been difficult to show. Howeverp real 
losses have been very rare and there appears no Justification th 
advise farmers t* grow sole cropa on this gr~und. 

When these mixtures are examined closely there is a definite
 
asaoeiation between difference pf uanopy structure and yield gain, 
whethe;, the difference of canopy structure is indu.jed by harvest 
dates (or sowing dates) or height. 

There is no doubt that correct seleetien of varieties for
 
ixtures will lead to gain, and that thene gains can be increased 

by timely fertiliser application and modifying plant pepulation.
 

1 2. Mg 'e.involving gTouninuts 

In additipn to the triaU at Baz=1 ser the-pat ths..o years, 
trials with grpuz iut8',mwn Jgi"gll with ereals were initiated 
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at the follwing locations i.n-1976, Gwanzo l 	 -Madii, Guaau, 

Talata afara, Kaura Namoda, Bida, Maigana, Saminaka, Sabon BirnIn 
Gwari, Daura, Kinsoli, Butsari, Oturkpo, Mbatup Keffi, Wawa 
and Okuta. 
Samara 

There were seventeen treatments, listed below in four 
groupS, arranged in four replicates of a randemised blooks design 
in each of the three years, 1974-1976. 

1. 	 Sole crop groundnuts sown 0.23m apart on ridges .91m 
apart; two other treatments did not have groundnutssown 	at intervals of 1 .37m or 2.74m to serve ascontrols for comparison with interoropped groundnuts.
 

2. 
!hillet or sorghum cr maize sown in place of groundnut

at intervals of 1.37m or 2.74m along the ridge.
 

3. 	 All iombinations of pairs of maize, millet and sorghumsown alternately along the ridge intervnlat ts above. 

4. 	Maize, millet and sorghum sown in sequence along the 
ridge at intervals as above. 

Varieties were: maize, Samaru composite 123, harested after 
110 days; millet, landrace ex-Ghana, harvested aftel' 75 days; 

harvested after 160 days;
sorghum variety Short Kaura 5912, and 
S 38 groundnut harvested at the end of the rains in each year 
(113, 130 and 140 days in 1974, 1975 	and 1976 respectively). 

The experiments were sown on 13th June 1974, 26th May 1975 
and 31st May 1976.
 

Gross plot was 0 ridges each 13.72m along (O.O ha.), and 
nett plot for harvest consisted of 10.97m from 	each of the centre
 
6 ridges (0.006 ha.), alth6tgh threshing percentage of groundnuts 
was determined trom 	thdcentre 2 ridgeb ;nly.. 
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Each experiment received a basal drossing of 54 kg./ha "1 

1P205 ha " applied at sowing, "1and 0.5 kg. B ha. applied as 
solubor in 1974, and in 1oronated supurphosphate in the othar yearn, 
Eaoh experiment was sprayed with benlate fungicide at regular 
intervals from flowering of g 'dnutg toOntralGeroapera 

JSfVa~8_kf,groundntmta 

-Yields for each oro, 'were analysed separatq'Iy.for each year 
and in combined' analyse over all years, and: are given in the 
following Tables.
 

Table 4.q8
 

ir-undrnuteYield if as unshelled nuts inkg, hat"1 

Treatment 1974 1075 1974 tean 
Sole groundnut 3219 837 346G 2507
 
With gap at 1.37m 3138 797 3002 2312 

" " 2.74m 3381 976 3157 2505
 
Mean sole groundnut 3246 870 3208 2441 

With maize at 1.37m 

" "1" 2.74m 

.2228 
2629 

704 
944 

2939 
3293 

1957 
2275 

With millet at 1 .37m 2414 708 3621 2259 
" " " 2.74M 2323 673 3130 2042 

With sorghum at 1.37m 2609 668 i811 1696 
"" 2.74m: 2515 767 2302 1861 

With maize/millet at 1.37m 2254 667 3048 1989 
N ", " :e 2•74m .2974 737 2829 2180 

With maize/sorghum at 1.37m 1954 638 2256 1616 
to It 2.74m 2695 803 2675 2057 

With millet/sor~hum at 1.37m 2257 603 2693 1851 
f i It 2.74m 2961 733 3030 2241 

With maize/millet/sorghum at 1.37m e175 701 2866 1914 
With mize/millet/sorghum at 2.74m A316 862 2693 1957 

Mean mixed groundnut 2452 726 2799 1o 

Mean C592 751 e871 7 

S.e. single plot 
-406.3 
 153.3 453.7 362 
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"Yield cf maize as Tgrain ha. at 1 m.o.|yieldL Per Plant in 
kR. praiWn It m.c.11 


Treatment 1974 1975 1976 ean 

At 1.37m 2346 .292 840 .104 278 .035 1155 .144 
" 2.74m 1332 .332 400 .100 133 .033 622 .144 

+ millet at 1.37m 1032 .257 281 .070 101 .025 421 .117 
0 " " 2.714m 703 .350 200 ,098 30 .- l4 311 .155 
+ sorghum at 1.37m 887 .222 431 .107 223 .056 514 .128 
Of " " 2.74M 365 .182 152 .076 72 .036 196 .098 
+ millet/sorghum at 1.37m 735 .275 185 .069 130 .048 350 .131 

2.74 416 .311 155 .116 42 .031 204 .153 

S.e. single plot t 250.3 ?07.1 
 177.0 213.6
 

.085 .040 .041 .053
 

Table A.30 

Yield'of sorum as ~.ain ha. -1 ati~lm.c.; yield per plant in 
k. Tain at 116 m.o.
 

Treatment 1974 1975 1976 Mean
 

At 1,37m 
 1245 .155 1391 .173 2221 .277 1619 .202
 
" 2.74m 
 729 .182 766 .191 1169 .292 
 888 .222
 
+ maize at 1.37m. 615 .154 756 .188 1371 .342 914 .228 
I t " 2.74m 153 .076 446 .222 494 .246 364 .182 
+ millet at 1"37m 
 671 .167 710 .177 1008".252 76 .198 
"1 " " 2.74m 322 .161 310 .155 389 .194 340 .170
 

+ maize/millet at 1.37m 264 .099 484 .181 *798 .293 515 .191
 
" " I " 2.74m 121 .090 224 .167 295 .221 213 .16a 

single plot +et 928.8 93.3 364.3 265,1.058 .e32 .076 .049
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TableA 31
 

Yield of millet in kg. grain ha. - 1 at 14% m.c.: yield per plant In 
kg. Rrain at 14% m.o, 

Treatment 
 1974 1975 
 1976
 

At 1,37m 2486 .310 .023 e120
182 958 
" 2 .74m 1150 .287 .029 .166116 664 

• maize at 1.37m 
 184C .459 85 .021 
 698 .174 

"2,7km 722 63 300.360 .031 .150
 
+ sorghum at 1,37M 1212 .302 .024
96 456 .114
 
to+ 2.71M 658 .328 71 302.035 .151
 
+ maize/snr&sum at 1.37 1939 .726 .022 ,19358 516 

" " " " 2,74m 795 .595 38 .028 344 .257
 

S.e. single plot 584.7 21.5 
 147.0 

.200 .007 .048 

Table A.32 
Mean millet yield for the rod12741976 as kg. ;rain ha. " at 14 ' m.c. meanlogr D& at1 Lf m.c.; yield per plant at 1I m.c.; 
mean loglOyield pertlant at "Iko m.c. 

Treatment .ha- Mean l)g /kgMean legl0kg. ha.-1 p1 kg./pl 1. 

At 1,37.. 
 1209 2-73 1 151 T,-0304
 
" 2 .74m 543 2.6144 .160 6.9899 
+ maize.at 1.37m 
 874 2.6297 .218 5.9740
 

"" " " 2.74m 362 2.3146 .180 6.9886 
+ sorghum.at 1.37m 
 588 2.5364 .14l T.0668
 
of " 2 o74m ..343 2.3138 ,171 o,9894 
+ maize/sorghum at 1.37m .38 2.5926 ,314 0.8436 
f" 2.74m 392 2.307 .293.. 6.8198 

S.e. single plot 
 - 0.2017 - 0. o24 

http:maize.at
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Table A_ 3_3 
Mean yield of &odnut_ as unS<hllca nut in kR.ha. 

197495 1976 Mean 
Treatment 

kg. kg. ± kg.

Sole groundu 3246 !i7.3 370 44.3 3208Mixed  2452 54.3 751 
 20.3 2871
With 1 cereal 2458 82.--737 31.3 2819" 2 cereals 2516 82,! 697 31.3 273033 cereals 2245 143.6 
 782 54.2 2780
Cereals at lo37m 
 2275 76.V 
 670 29.0 2748
Cereals at 2,74m 2630 76.1-
 750 29.0 2850 


Gr%)ss ccsh returnin nair-*. f c-- E'cl intr 
. . . .".n.. t__ternm1 ...... 

Treatment 1974 1975
Sole groundt 338 147With gap at 1.37m 320 19With gap at ".74m 355 171Mean sole gToandnut 341 152 

With maize at 1.m 
 - 1' 20)" " " 2.() '10
With millet at 1.37m 
 649 


2 .74 
153

of " " 25 129With sorghum at 1.37L-
 273 
ft 7n 345. 220With maize/millet at 1.37m 
 632 159


" " " " 2.74mWith maize/sorghum at 1.37m 514 159365 2,:0
" " " at 2.74m 
 337
With millet/sorghum at 1.37m 
206 


503 200
" " " " 2.74mWith maize/millet/sorghum at 1.37m 
451 174 

639 205
" " " " " 2.74m 424 199 

Mean mixed groundnut 470 195 
Mean 447 187
S.e. single ,plot 5 29.0 

(Cash value of ro in 100 kg-1 
Maize 

10.20 10.20Millet 

15.78 
 15.78
Sorghtm 

11.19 
 11.19
Groundnut 

10.50 
 17.50 


* 0.70 of Mar]66ting Boxd for shelled nuts. 

kg. + 
131.0 2441 60.4 
60.8 1992 
28.0
 
926 2015 42.7 
92.6 1981 42.7 

160.4 196 
74.0
 
85-7 1898 
 39.6
 
85.7 2077 
 39.6
 

c . d o undnuts 

1976 Mean 
-T 367 

526 3 
552 359 
562 352 

570 416 
603 404 
808 536
 
668 407 
823 503 
669 411 
680 490
 
555 409
751 452
 
577 373
 
784 496
 
673 433
 
781 541
 
609 411* 
682 1449 
661 

98.6 772 

19.80 
.18.15
 
22.77
 
17-50*)
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Groundnut yields were good except.in 11:75 when they wore under 
severe moiet-re stress during a 20 day period at flowering in June.
 
Potential evapotranspiration exceeded rainfall by 55.5mm in this
 
period. They were further adversely affected by another drought

period, 
 for 25 days during early pod filling in Augun.. Potential 
evapotranspiration exceeded rainfall by 31.0mm at that time, 
Similarly millet yields werp.badly affected by the early drought

periodd whilst maize yields were also affected by the later drought.

Short kaura sorghum which, after early vegetative growth, shows very

little growth until flowering at the end of September,
 
wqa not affected by eithei drought period.
 

For all joint analyses, Bartlett's test for heterogeneity of
 
variance was done and gave corrected X2 for groundnuts, 2 1706;

maize yield ha. "1
 , 
0.2384; maize yield per plant, 1.5675; sorj um
 
yield ha.-1
 , 2.7292; and sorghum yield per plant, 1.2374. 
None
 
were significant. Howevez, Bartlett's test for the joint analysis

cf millet data gave X2 of 11.4310 for yield ha.- 1
 , and 10.4676 for yield
 
per plant. 
Both were significant and a log10 transformation was used
 
for this analysis, given separately in Table 4,2 
. The transformation
 
reduced X to 2.1181 r-nd 1
2.0967 for yield ha.  and per plant
 
respectively. 
Neither were significant.
 

Groundnuts 

Sowing grnundnuts with gaps at 1.37m and 2.74m did not affect
yield of groundnuts in any year, nor overall. 
However, sowing cereals
 
within these gaps significantly reduced yield in each year and overall. 
Mean yields for sole and mixed groundnuts are given !L Table 1. Only

in 1976 was there any difference between cereals in thoir effect on

groundnut yield. In that year sorghum signifinantly reduced groundnut
yield more than maize or millet. Although this effect was not
 
eetected in any other year it is an effect to be expected since 
sorghum is harvested 160 days after sowing, and is thus competing with
groundnut for the full period frr-m sowing to lifting-of ground (113
days in 1974, 130 days in 1975, and 140 days in 1976). The other 
cereals, maize and millet, were harvested 110 and 75 days after 
sowing respectively in each year. As a generality, hmwjver, no
 
fere.O. affected groundnut more than another.
 

Sowing cereals within groundnuts 1.37m arart significantly
reduced groundnut yield compared with swing 2.74m apart. Mean 

http:except.in
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yields for groundnut wit. cereals at different spacing, aid for 
different cereals, are given in Table *fee 

Cereals. 

Although spacing, and the proportion of any one cereal in the 
mixture, signifioantly aff"cted oareal yield ha.-1 examination of
 
yiId per plant showed that no treatment had any effect. Plant 
population ha.-1 (8020 at 1.37m, and 4010 at 2.74m) was sufficiently 
low to prevent competition between cereals.
 

Gross cash return ha. - I 

Total cash value of yield in naira (9)based upon Marketing
 
Board purchasing price for groundnuts iri November each year, and 
 local
 
market prices for cereals during the month of harvest, are given in
 
Table ....
 

Bartlett's test for the joint analysis gave a 
X of 2.3072, which
 
was not significant.
 

Mixed cr6pping significantly increased cash return in each year,

and averaged 27.7% cash gain overall years. 
 Despite poor yields of
 
one crrp or another in each year, the buffering action of the yield
 
of other crots vae suffi-Jeit +'r 
 lways give greater returns from
 
mixtures.
 

Sowing cereals at o.ose, spacing (1.37m) within groundnuts

sign&fioantly increased 
cawh return compared wi-th sowing at wide spaingo. 
Cash return from close spaced mixtures was #49P.7 ±8.4, and from wide. 
sp.cing was 9407.0 ± 8.4. There was no difference between cash returns
 
from mixtures with different cereals, nor between mixtures with one 

two cereals. The mixtuxt with was or all three cereals significantly 
better than single and dicuble cereal mixcures at 0.068 probability, 
giving #476.0 ± 15.7 compared with W".i t 6.-4. 

Thus, although there 
was no evidence that mixtures gave less
 
variable ret-urns than sole groundnuts (coefficients of variation for
 
mixtures wis 51.29, for sole groundnuts was 51.0P), the consistently, 
and signifioantly, casgreater returns obtained from mirtures oim
firmed that are correct to reject recommendations to grow sole 
groundnuts. Although sole. crep cereals were not grown in these 
experiments, extrapolatimn from good average yields, and adding the 
value to sole crop groundnuts, did not give sash returns compavable 
with mixtures.
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These experiments have demonstrated that "gicci"l interoropping
is more profitable than sole cropping, and have also shown possible
improvements to the system by (a) sowing cereals at a higher
density than normally sown by farmers 
- 3 to 4 m and (b)by includ
ing the third 6rop maize in the mixture. Further improvements can
 
be made 
 by adding nitrogenous fertiliser, particularly to maize, and, 
possibly, by harvesting and selling maize as green ears to a very 
early market. 

States location 
results are not reported here in full because
 
data has not yet been sxtracted from the log books. 
However, logbooke
 
from Gusau and Kafinsoli suggest that sole groundnuts gave higher
cash return than mixed groundnuts. Inspection reveals that this
 
raversal of the results from Samaru was due to very poor cereal yields, 
almost certainly because no nitrogen was applied to cereals.
 

In future trials, two further components must be added,

fertilis ng 
the cereals separately arid, particularly, varying the 
sowing date of the cereal to be more in keeping with farmers practice.
 
In one trial at Samaru, not repoa-ted here, where cereals were sown
 
with the first rain and at the normal timeit 
was clear that cereals
 
sown very early benefitted greatly from the early nitrogen "flush"
 
at the be,innir of the rain. Later sown, 
 unfertilised cereal, was very 
roor. 
Further, groundnuts also benefited from the reduced tverlap

from earlier sown maize:being harvested earlier. 

Cerals/owpea 

An experiment to determine the effeots of intercropping different
 
varieties 
of cowpea with cereals on yield 4,f cawpea was begun at IAR
 
in 1976 as part of a co-operative trial 
with I.I.T.A.
 

Eight varieties 9ff cowpqa were 
sown under established crops of
three maize varieties (Upper Volta early, Samaru 123 aJ1dO96).-' Maize was 
all sown on 1 June 1976 and cowpeas were undersown six weeks later,en
 
12 July 1976.
 

Upper Vta Rarly maize was harvested on 30 August 1976, some eight
days before cowpea began flowering. Samrru 123 and 096 were harvested on
20 September and 29 September respectively. -Cowpea varieties reacted 50 
.flowering between 19th September and 10th October and were thus completely
 
unprotected by maize during pod formation and maturation.-


Maize yields were unaffected by. the presence of cowpea but c-iwpea
yields were affected by length of ;verla" 
.-ith maize. Yields, as dried
 
pds and -ime. grain at 116 m.,. in kg. ha are given in Table .. 35 
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Table A 35. 

POa %Stand 
kg. d.p. ft. 

0%. ft Maize 1 
g. 

m.o. ha Sole maize 
7 
3 

589/2 
2479 

593 

556/2 

1696, 

TVU 4557 
7 
3 

588/2 

2479-

593 

556/2 

1696 

TVU 4557 
7 

3 
588/2 

2479 

49 
64 
65 
59 
56 

5' 
62 

63 
45 

61 
74 

68 

§4 

64-

54 

66 

57 
53 

54 

59 

' 

915 
374 
442 
1381 

515 

937 
1859 

514 
134 

111 

468 

538 

551 

-05 

752 

267. 

41 

143 

391 

400 

7,10 UpperV.early
27.9 3 
2.1( 
7.1( ',, 

28.9 

19.9 

8.1( 

18.9 
11.1C Sam. 123 
5.1': 

1O.10 

3.10 

4.10 -
O.10 

8.10 

4.10 
10.10 096 
3.10 . 
1.10 ,5776 
5.10' 

4323 
4323 
4"46 
4214 
4308 

40.54 
4359 
4294 
6876 

6491 

6521 

6868 

6778 

6762 

6423 

6812 

706 

6488 

5650 

4308 

6310 

6328. 

593. 
556/2 

1696 

TO 4557 

4 
72. 

48 

56 

. 302 
255 

430 

148 

8.0o, 
8.16 

5.10 

2S.9 ,6352 

5343"t 
5824 

6430 

S.e. mean 

It is important to stress that no proteotion was given against inseots;eowpeas were not sprayed. It is also regretted that sole cewpeas were notsown. Nevertheless, the yielaj of oowpea Varieties 247, and 1696 when grownunder Upper Volta early maize are quite exceptional fir unsprayed cowpea.Reasons why these varieties were net attadked by insects are not known. 
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1.o4. Cotton/Cow ea/Cereals 

Cotton and oowpea are normally sown late in the year, generally,
July or August. This is despite current recommendations for June 
&Owing. Farmars are 	not prepared to leave land unused until this 
time and it is not possible to sow 	cotton after cereal, unless the . 
cereal is harvested before maturity, or unless the ootten is sown
 
much later than optimal. 
This latter is often normal practice
 
amongst farmers, and, because lower yields are obtained, spray 
regimes are uneconomic. This experiment was designed to determine 
whether cotton could be sown earlier, within the cereal, so as to
 
obtain the benefit accruing from early sowing, and whethe. spraying 
with insecticide would then be econonic. Further, since farmers 
often grow cotton and cowpea mixed, both cowpea alone and mixed with 
cotton were included as relay treatments. 

There were three main treatments: either millet or maize as 
the early cereal, or no cereal sown at all. Each of these i~cluded 
the 	following four treatments:
 

a) 
Cotton alone sown within the cereals, or, where
 
no nereal had been sown, grown sole as a normal
 
crop.
 

b) 	Cowpea alone sown within cereals, or, where no 
cireal had been sown, grown sole. 

o) 	Cotton and oowpea grown in a 2:1 ratio within
 
the cereal; i.e. cotton under-sown on two ridges,
 
oowpea undersown on one ridge. 
The same mixture
 
being also sown without being preoded by a cereal.
 

d) Cotton and cowpea f..wn in a 4:2 ratio within the
 
cereal; i.e. cotton under-sown on one ridge,
 
oowpea undi..rsown oh two ridges. 
 Similarly where
 

cno !cereal was present. 

There were two blocks of thesa 12 treatments (3 early x 4 relay), 
one was protected against insects by U.L.V. spraying with endesulfan, 
the other not sprayed. Where ootton or oowea were not mixed each 
was sprayed six times; with ootton and eowpea mixed they were 
spray.9. four times. 

Both millet, var. ex-Borne in 1974, and 1975 and maice, var. 
B.S. 3, were anuiw23 cn. (9") arat alog 91 em. (3') ridges, and 
both were fertilised at sowing witk 627 kg. ha. " I (5 owt./aere) with 
the eompeund fertiliser 20:O1 1O:NtP:K. Bet)&were sown -o. 
7th June, 1r4. 
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TableA36
 

Treatment SprayedTreal mnt Cereal Cotton Cwpea CtIsprayedCereal -Ce.t Cop. 1974 1975 1976 Mean 1974 1975 1976 Mean 
otton Clwea

1974 1975 1976 Mean 
1974 1175 197C Mean 1971; 1975 1976 Meat"
 

Millet  _ 2828 2172 2378 2459 
 - - - - - - - -3 3316 2712 - - - 2433 2820 231 317 815 454 
 - - - - 301 1772 1 2885 2382 2574 2594 227 178 292 232 480 
676 - - - .661 612 584 197 74 lOt
1 2 3086 2512 2415 2671 - 198 285 96 1365 91 118 91 746 962 835 848 95 29 25 - 3 3158 2741 234 196 96 175
2473 2791 - - -  788 1097 1136 1007 -Maze - - 5827 4693 4924 . 

- - - 369 5. 8 127 
-4253 
 ,---5727 4664 4412 4934 ,
230 300 851 460  - 345 237 9195569 4592 4349 4837 486 - - - 122 245 334 234 207 
810 11 723 290 89 87 155 2331 2 5727 4521 276 49 1864289 4846 78 82 116 92 622 955 1093 893 93 35 84 71 320 263
- 3 5641 11 158
4707 4411 4920 - - - 613 1213 1356 1061 - - - - 345 35 17 133None 3  - - - - 1161 1414 1047 1207 -2 - - - 941 729 968 079 - - - - 703 531 436 557

1 713 1082 1092 962 465 233 143 280 46 28
2 - - 11 28- - 281 142 64 162 
- 3 - -

1123 1231 1217 1190 182 99 53 111 37 7 "9 18- - - - - - 1189 1358 1373 1307 - - - 2 3 3 3 
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Cotton, Sam u 71, was eown -n 18th July, at 45 cm. spacing
either alAne or beneaththe--eereals _on tbe-eame ridge. Cotton was
 
fertilised with 188 kg. ha. "I 
 (156 iL./acre) boronated Rustica 
compound fertiliser (12z1.:17:2::N:p:K:MS plus 0.6% B) when the
 
cotton was sown.
 

Cowpea, local Farinwake, was sown at 90 cm. spacing along the

ridge either alone or beneath the cereals on the same ridge. 
Cowpea 
was not given additional fertiliser. 

Cereals were sown later than normal as a result of poor early

rains. Thus the overlap between- sowing of cotton/cowpea and harves
ting of each cereal was longer than might normally be expected,

'These were 49 days for millet, harvested on 5th September, and 70 days

for maize, harvested on 26th September.
 

* Yields from these crops and mixtures are given in Table 20 and
the nett value per hectare, after deducting fertiliser and spraying
 
costs (but not labour), are given in table 21.
 

Yield of cereals was totally unaffected by the later sown crop.

Yield of cotton was greatly affectee by relaying and showed no
 
compensation for a reduced population in a mixture. 
Cowpea, although

'affected by. cereals, showed oomaside-able co.mpensation when grown as
 
a component in a mixture.: 
 bhrther. and of great interest, unsprayed
 
cowpea when sown relay gave very much 
 higher yields than unsprayed
 
cowpea sown alone. Observations suggest that the v'gour of under
sown cowpea was 
 so much reduced by early shading from the cereal that
 
oowpea plants were less attractive to the pest Maruca. This pest

caused almost complete flower bud shedding in unsprayed cowpea sown
 
alone. 

Table A 37 gives nett cash returns per hectare pricing cotton
 
at N19.84, cowpea at 1421.65, maize at 1410.20 and millet at H15.78 per
 
100 kg. bag for 1974.
 

Sprayin.g was costed at 91.05 per applioations; 942.32 for the
 
six sprays given cotton or cowpea sown alone, with or without cereal. 
AI fertiliser waq costed at a rate of #200/tonne.
 

When deducting spray cost for oottzn and oewpea in a mixture
 
the appropriate proportion~was deducted from each. E.g. 
I of the
 
cost of spraying wad deducted from the value of cotton in a 21 
mixture,
. of the. ,ost from eowpea. 
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Table A 1? 

Nett value of crops and' total returns/ha. 1 

Sprayed 
 Unspreyed 
Cer. Cott. Cowp. 
 Cott. Cowl:. Tctal Cott. Cowp. Total
 

Mi - - 418.33  - 418.33  - 418.33
3 - 418.33 - 19.4  393.89 22.26 - 40.992 1 418.33 !.5S 
 94,53 514.42 14.37 42.87 
 '475.47

1 2 418.33 - 8.85 11;2.72 522.20 6.49 50.66 
 475.48 
- 3 418.33 - 128.29 546.2 - 79.89 498.22
 

Ma - - 517.45  - 517.45 - 517-45 
3 - 517.45 - 19.&2  497.83 31.38 
 - 548.83
 
2 1 517.45 - 28.() 35.18 524.18 
 32.85 50.44 600.74

1 2 517.45 6.e 155.88 
 627.07 6.10 69.28 592.83
 
- 3 517.45 
 - 90.40 607.85 - 74.69 592.14
 

None 3 -  150.9! - 150.97 149.63 
 - 149.63
2 1 - 96.0: 140.27 236.27 67.57 9.96 77.53 
1 2 - 34.0) 217.11 251.12- 23.77 8.01 31.78 
- 3  - 215.11 215.11 
 - 0.43 0.43
 

(1974 and 19',5 only)
 

Conclusi ons.
 

1. Neither cotton n.r cowpea, sole or mixed, sprayed

or unsprayed, gave nett returns which compensated

for the absence ff an early cereal.
 

2. Because yield "f zereals, which oontrNuted the largest'

ambunt of netz value, was not affected by relay crop
ping, all mixtxrEs gave greater nett returns than

cereals alone ex. when sprayed cotton was the only
other ccnstitueni of the mixture. 
Yield of cotton was
 
so affected by rJlaying that spray costs were not recovered 
and sprayed r,,At, aI.:!s money. 

3. 
In all oases, wh,.them sprayed cr unsprayed, oowpea gave
good nett c~ash rc turnr. except when grown unsprayed
withnut a preoed ng cereal. 
This crop failed.
 

Thut 
 Even in a sescn where the late start meant a longer then

normal overlap between cereals and the relay crop, a system

of cereals relayed with cowpea pre-ved very rewarding,

particularly so if maize were the preceding cereal.
 



36
 

1. 5 Cotton and Cereals 

Two experiments wore done, in 1975 and 1976, with cotton var.
 
Samaru 71, 
sown at four dates, both sole and through four oereals.
 
Tb cereals were: landrace 
ex Ghana millet (75 days t6 maturity)V, .na
raoe ex Borno millet (85 days to maturity), Bomo local maize (90 days
 
to maturity), an. R 960 sorghum (106 days to maturity);
 

There were four sowing dates for cotton in each yesr, at 21 day_
intervals from the first. All cereals were sown at the first date, beth 
sole and for subsequent sowing with cotton. Cereals were sown 23cm
 
apart on ridges 71cm. apart; cotton was sown on the side of the
 
'.Juge between alt.rnate cereal plantL in 1975 (46cm.apart), and
 
between cereal plsnts Jn 1976 (23cm. apart).
 

Three replications :ifa randomised block design was usd in
 
each year. Gross plit size was ten ridges (9.14m long in 1975)
 
7.32m long in 1976). Nett plot for harvest was the centre eight
 
ridges (.0052 ha. in 1975, .0042 ha. in1976).
 

The 1975 experiment was given 300 kh ha.'i of compound 20:1010'
 
NtP:K., whilst 800 kg. ha
 "1 
of the same compound was given in 1976.
 
All fertiliser was applied to th::- teed bed before the first sowing
 
date in each year.
 

All plots w6re sprayed with inseotioiele (Carboryl) at weekly
 
"
intervals, .68 kg. ha.
 1 of 85% a.i Jn Vetox 85, beginning nine 

weeks after the first sowing date. 

Cereals were harvested when maurep and the entire plant
 
removed from the plots,
 

Cotton was picked at regular intervals beginning in October 
and extending tc January in each experiment. 

Results
 

Cereals
 

Bartlett's teEt for heterngeneity of variance for cereals within
 
each year gave corzeoted X 'Qf5.5463 and 7.2190 for 1975 and 1976
 
respectively, neither significant, and of less than 0.01a X for 
the Joint analysis over both years. fields of cereals are given in
 
Table A38. 
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TakblA 38
 

Treatment 
 1975 19.4 mea
 

Eu Ghana millet, sole 
 1528' 
 2204 :1866
With cott -own at same time 
 ,519 2204
' 1862, 21 days later 1471 1960 1716" 42 " 1376 1948 
 1662
" " 63 e i456 1887 1672 
Ex BorneO millet, so'Ie 1748 1657
Withscottln 1703sown at .ae tidie 1593 1354" 1474
21 days later 
 1665 1477
" 42 ,, i 

1571" 
 1489 1452 
 1471
" 
 " 63 " " 1602 1539 
 1571 
RI960 sorghum, sole 1277 426 851
With cotton sown at same time
" 1161 864 101)
1" 1 days later 1583 535 1059IT 42 " 1't.548 791 1170"" 6 63 ,, 1453 487 97e oeea mae, sole .. .- 4983With cotton sewn at sami time 
 4278 3409
it 1 2
d3s409e
.457421 days later 3844 

" 3988 4281" " 42 " 5397 3745 
 4571
" " " "63 " ' 
 5247 
 3761 4504
 

S.e. single plot 1 
 505.6 484.8 436.4 

Tablle A 39 
Yield of cotton in kg. seed cetten ha. "1 

Treatment 

1975 1976 Mean 

Sole 7cottgn isown at DlB~' " 49" "D2 362 2152 
 1257
" " " " D3 1288 1273 
 1281
" 
 " " D"4 906 538 722 
Sown with ax Ghana m.llet at D1 1236 1831 153" " " " " " D2 464 1028 778o if D3 650 660
II ! I?,5 

569
I .2 -_31,7


Senwith ex Borne millet at D1"t D2 684
o13127lj1O

608 56460
" 


" 
 "' 
 D3 
 496 362 429 
266 144 20Sew -withTB.Jf;al maize at 1194" D2 769
549 697 
 623
" " "D3 
 178 143 
 160
 

i t 
it Of He 

If 

164 511 
 337
" 
 D3 
 20 20 
 60
I " -s'.mnge lo --- 4 2 10 
" "4 

2T.~3o V"- -G -
"Ba'.letttatest for heterogeneity of variance for the oint analysis

gave a 
X of less than 0.03, not significant), 
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The presence of cotton did not affect cere.1 yields in any

year, nor overall. Yields ef cotton, however, were merkedly affected
by both sowing date and b mixing with cereals. The linear and
 
quadratic components of 
the total variation associated with the
 
effect -C4towing date on ylald- of oottml~ ivjjith cereals

accounted for all that variation, wnilst 
the linear and quadratic
 
components 
 of variation in cotton yield due to different cereals
aocinted for 98% of the variation. The equation relating cereals and 
sowing date with cotton yield is given below:
 
Yield = 6969 - 24-.7D - .05D 2 

- 115.7 C .2102
-

D = 1, 22, 43, 64 days ; C= 75, 85, 90, 106 days.
 

It is important to sow cotton early, whether sole or mixed.

If mixed it is equally important to sow cotton wtL._ 
 the cereal
 
and with a short season cereal.
 

S When sown mixed with a ccreal,cotton responded by a reduc
tien in 
 the number of branches and delayea flowering, *When the
 

cereal is removed, flowering and bell production proceeds mererapidly than for sole crop cotton, although maturation was delayed.
The bulk of yield from sole crop cotton was produoed from early picks,
Vhilst for.mixed cotton this came from late picks. Thus there is anadditional advantage Zrom mixing very early sown cotten in that
maturatien aid -picking is delayed until well after the raine, 

reals seems to have considerable pror.asefor area- where cereals are normally sown later in the year,
around Gusau for example, or where rainfall permits a double 
season. 
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1. 6 Mtze. Soyean, Cowea 

The objectives of this experiment were to study (ia) the affect 
of iniercropping of maite with soybean and oowpea on the mean gr.in 

yields aaA4 nitrogen ontent of the crops, (b) the effect of suchcropping system on soil pitrogen and the yield of subsequent orop
and (e) the oontributior i any, of nitrogen from the legumes to 
maize interoropped with them. 

In 1976, maize was intercropped wdith soybean or oowpea.
Nitrogen was applied to some plo-ts at the ratit. of 70 kg/ha. Beth 
soybean and maize were sown in early June and the owpea in mid-
July. The varieties used, were: -

Maize3 096 
Soybean: Malayrn 

Cowpeat Ace 588/2. 

Data for nitrbgen content of the three crops is net yet
available, and the residual effects on soil and yield of the subse
quent crop will be determined in the next cropping season. The
 
mean Zr.in yield of mAize as affected by interoropping-with soybean 
or cowpea at Saaru in 197 
 is summarised, in Tablo A 42
 

Table _ M sn - rainyield ofMaize in kdha 

Treatment 
 'Yield(k ka21
 
Sole maize 
 2693
 
Sole maize + nitrogen 
 3560 
Maize + Soybean 2826
 
Maize + soybean + nitrogen 3332 
Maize + Cowpea 1813
 
Maize + Cowpea + nitrogen 2816 
S.E. 359 
L.S.D. (P.m .05) 
 717
 

The analysis showed that interorepping of maize with soybemu
without nitrogen gave slightly higher yield of maize than the sole 
crop maize without added nitrogen but inoidentally the effect was rt
 
significant. Maize with soybean gave a siRifioantly higtker yield
than maize with oowpea. The greater depression of malze yield by oew
pea compared to soybean is surprising, considering that oewpea was 
planted in mid-Juy by which time the m ize was well eytablished, 
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while an the other hand soybean was planted at the vaie time as 

maize. The reason for this may require a further experimentation. 

Addition of nitrogen inore'sed the yield of maise interorpped 

with ssybian to 3332 kg/ha. Alid, addition of fertilizer N inoreae 

the yield 4f maize intercropred with owpe&i although the yield was 

less than that of maize interoropped with soybean plus nitrogen. 

Yields of soybean and cowpeat Table.A43 shows the yield ef 

soybeast anl oowpea as affected by intereropping with mqize and 

nitrASg infertilizer. 

Table A 43 -

Yield of s'iybean and cowpea 

Soybean Yield Cowpea Yield 
Treatment 	 IWMM nOUu 

Sole soybean 1956 	 Sole eowpea 555 

Siybean + maize 821 	 Cowpea+ maize . -472
 
Cowpea+ maize 


Soybean + maize + nitrogen 924 + jj 

nitrereP42 
S.H. 80 	 S.E. 91
 

L.S.D. (P. - .05) 168 	 L.S.D. (P- .5S) 190 

4Sole crop soybean greatly outyielded soybean intererpped with
 

maize, regardless of added nitrogen. Cewpea yield whether sale or
 

interorepped were very low. The main reason for these low yields*
 

vauld be attributted to shading effect from .the maize, Insect damage
 

did not appear to be a majox proiem even though there was no
 

spraying.
 

Ta I - Summsaries of total grain yield per unit area
 

Treatment 	 Yield (kg/ha)
 

Sole maize 2693
 
Sole soybean 1956
 
Sole corypea 555
 
Sole maize + nitrogen 3560
 
Maize + Soybean 3647
 
Maize + oewpea 2285
 
Maize + noybeon + nitrogen 4256
 
Maig + oowpea + nitrogen 3278
 

The yield per imit az'oa was greatest where maize was inter

cropped with soybean, especially if nitrogen fertilizer was also added. 

From the result of this experiment soybean appearei to be a better 

companion crop ier ntaize than cewpea, but en the other hand bso'h soybean 

end oowpea seemed not to have cantributed any significant ritrogen to 

the intereropped maize. For greater yield frxm the land there is the 

need to spply nitregen to maize in a mixture with legume. 
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1. 4. Re--nT State, trials 

In addition to cereal variety interoroppmlg tria.e and o 
cereals groundnut trials done at State locations, experiments. 
were also undertaken with a variety of crop mixtures. These 
are listed below:
 

a) Early cereals and cotton at Zuru, Gusau, Mokwa R.J.,
 
and Konan Kuka
 

b) Maize/Sorghum/Yam/Gowpea at,buja, Minna, Bope,
 
Idah, Lafia, Kabba and
 
Ilorin.
 

o) Maize/Sorghum/Cowpea at Hong, Mubi, Ngurore
 

i(0.- Yam/Cowpea/Millet* at Mazu Selbe, Sesti 

e) Ya4CowpeaMelon/Maize at Yandev. 
(d and e also compared local practice of mounds 
with ridges). 

f) Cereals/Groundnut/Cowpea at Katsina Ala and Gagnun,
 

g) Cassava/Cowpea 
at Kaura Namoda, Mokwa
 

h) Sorghum/Late Millet/Melon at Bida.
 

Not all lgb.ks have been received and of these received
 
time has allowed the results from, but a few to be given here.
 

1.4. 1. Cotton/Cereals 

These trials were similar. t those at Samru but simpler; 
only three sowing dates were used with three cereals. Results 
are given in Table A .4.5... and oAJ . for Gusau and Konan Kuka. 
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Table A 45 

Yield of Cereals and Cotton - Gusau 

Treatment Cotton Cereal Value I 

Cuton sewn D 

D2 
D3 

663 

561 
445 

205 

174 

138 

Ex Ghana 'illet 

Ex Barno Millet 

B. Local Maize 

-

-

2204 

2283 

1865 

400 
414 
369 

EX Ghana with Cotton 91 

D2 
D3 

.1320. 

299 

327 

1840 

1549 

1728 

433 

373 
415 

Er Berno/Cotton D1 

' 2 
D 

303 

331 
274 

1736 

1970 
1940. 

401 

460 

437 

B. Local/c(otton DI 

D2 

D3 

345 

277 

25A 

1941 

1425 

1095 

491 

368 

294 

Table A 46 
Yield of Cereals and Cotton, Konan Kuka 

v Treatment 

Cotton sown 

Ex Ghana 
Ex Bornu 
B. Local 
Er Ghana/Cotton 

Ex Bornu/Cotton 

B. Local/Cotton 

D1 

12 
D3 

D1 
D2 
D-. 

D1 
D2 
D3 

91 

D2 
D3 

1 

Cotton 

1488 

1383 
1456 

335' 
277 
434 
514 
222 
224 

431 

405 
451 

Cereal 

-

435 
416 

2735 
435 
379 
388 

407 
379 
351 

.2571 

1959 
1904 

. 

Value X 

461 

479 
451 

79 
76 
542 
183 
155 
205 

233 
155 
133 

643 

513 
517 
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Cctton was sown at 10-day intervalu beginning on
 
12th June at Gusau, and 15 June 
at Konan Kuka. All cereals were 
sown on theso dates.
 

Cottou yields were poor at Gusau, despite spraying, and
 
sole cotton did not give a 
value which would compensate for
 
the absence of early cerval., Cereal yields were variable but
 
mixed cotton and cereal, when cotton 
was sown withtho cereal
 
was marginally more profitable than sole 
cereal. 

Both millet varieties failed at Yonan Kuka although mixture 
of cotton and millet were more valuabler than the sele cepeal.

Where maize was concerned, despite only a moderate yield, sole 
cotton did not out-value sole maize. 
All mixtures of cotton
 
and maize gave a greater cash return than sole cotton and cotton
 
sown with maize was 
better than either sole cotton or maize. 

Maize: Sorghum:Yam:Cowoea 

These trials were designed with the object of deteimlnlag
 
whether yam could be successfully groin after maize and sorghum
 
or both mixed, without any staking other than stems of maize and
 
sorghum; and whether 
cowpea could be successfully inteboropped

with yam in the second year. In each trial maize 
 and sorghum were
 
to be sown early, as normal, in each year, whilst yams were 
 to Ie
 
sown in November following harvest of the cereal. 
 CowpeaP wer
 
to be intersown in 
 July of the following year. 

There were 8 replications of 3 treatments in 2 phases at 
each location. Treatments were:
 

1. 
 Maize followed by yam; yam interplanted with cowpea the

following year. . I
 

2. As above but sorghum in place of maize. 
3- As above but maize and sorgfium sown on alternate ridges. 

The second phase ondieted of the same treatments, but sown 
one year later. 

Cereals and cowpea were to be sewn 30 cm. apart on 91om.
ridges; whilst yams were to be plantel 1.22m apart on the same ridges.
Pertiliser t t be applied at 300 kg. of cempound 20:10:10 to cereals 
in each year, and the same amount q yams, when approximately * 
If the yam have emerged, in the fellewing year. 
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The experiment was sown 6 June 1974 on freshly cleared land 
with 096 miv and ME C 7-4-2 sorghum. There was no record of 
yam being planted. 

Yields of both cereals were very poor due to excessive 
waterlogging and considerable erosion damage. Further yield loss 
was attrfbtvaed to dar-age by monkeys. 

Mean yields of grain were: 1826 kg. maize, 2414 kg. sorghum.
and 1625 kg. maize plus 974 kg. soighum ha.-' in 1974. 

Because ef waterlogging the experiment was shifted to a new
 
loca ion in 1975 where the ,objects of the experiment appears to have 
been lost since yams were planted in June before cereals, and 
cowpea interplanted in the same year as cereals. Further, yams appear 
to hae' been harvested in the same year as planted. Yields are 
given in Table A 47p. 

Table A 47. 
Yields in kg. grain or fresh yam ha-1 

Treatment Maize Sorghum. Yam Cawpea
 

,- - 630 0 
Phase 1 (2) - - 7 0 

(3) - - 5323 0 
(1) 3713 - - 0 

Phase 2 (2) - 2785 4950 0 
(3) 3279 .1625 4950 0 

Cewpea completely failed to produce pmds, whilst either 
yams were incorrectly planted in treatments 2 and 3 of phase 2 or 
were incorrectly entered in the logbook. It is noticeable that 
both maize and sorghum grown 0ixedyielded more than when grown 

solel maize by 77% and sorghm by 17%. 
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Yam planted in phase 1 was harvested on 15 October 1975.
 
The latter (phase 2) should not have been harvested until late 1976.
 
Yields are given in Table A 43. 

Table 1A48. 
Yield in kg. graf.n and fresh yam ha-1 

Treatrment 
 Maize Sorghum 
 Yam •Cowpea
 

1 6314 
 . 38424 -
Phase 1 
 2 
 - 5360 45340 

3 3088 4647 414818 
1 2422 _
 

Phase 2 
 2 
 - 4476  _ 
3 2744 .1192 

(It is suspected that yields fr-m phase 1 were harvested from
 
the gross plot).
 

From trials where two years results are ailable the following
 
general statements can be made.
 

1. Maize i n mixed maLize/Serghum yielded an average of34.7%m.,re than sole maize,while mixed sorghumyielded an average of 19.0 more than sole sorghum. 

2. 
Yam following maize averaged 18757 kg; following 
 -1
 
sorghumt 21247 )v and following the mixture 20917 kg. ha
It isunlikely that these differenos"are signifioant

and maoze appears as od as sorghum as a yam stake.

However# beauss of te gain by cereals when grown mixed
 
greater"total reurns will be obtained uhen yams are
 
planted after mixed maize and sorghum.
 

Minna
 

This trial was cown with cereals in phase 1 on 20 June 174;and cereals fvr phase 2..on 30 April 1975. 
Yams were planted on.
 
29 April 1975 for phase 1; 
there was no reord of cowpea being
 
sown. 
Yields are given in TableA 4.
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Table A"49. 

Yields in kg. grain and fresh yam ha 1
 

Treatment Maize Sorqhum Yam Cowpea 

1 h935 - 11217 0 
PhaGe 1 2 - 1826 13924 0 

3 2460 1438 12611 0 

1 3837 - - -
Phase 2 2 - 340 - . 

.3 2399 224 . . 

Phas' 1 of the trial was sown with 0 96 maize and SK 5912 
sorghum on 17th July 1975 ud with yam en 21 January 1976. 
Daspite vigorous growth sorghum yielded nothing beoause of 
head smat. Meat) 4'ield from maize was 668 kgs. ha"I from sole crop
 
maize, and 365 kgs. from mixed maize.
 

Lafia
 

Maize, 096, and sorghum SK 5912, iwere 
sown on 29 April 1975
 
and yam planted on 23 February 1976. Yields were: Sole maize
 
2159 kg; grain; sole sorghum 503 kg. gresh head;'1387 kg. maize
 
grain and 438 kg. fresh head.
 

Ilarin.
 

Solemaize,. 0)6, was sown on 10 June 197 ; both sorghum,
HF -C-7-I.--2, and maize mixed with sorghum were sown 3 weeks later 
on 3 July 1974; am was planted on 5 October 1974. Maize for phase 2 
Vas sown on 9 May 1975, whilut sorghum was again sown later, en 
10 June 1975. Cowpearwas not sown because there appeared to be 
"no space" between yams.
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Yam / C ea and Millet 

These trials were designed tn corpare return from sole
 
yam, yam interoropped with long 
season millet, and yam intercrop
ped with Inng season millet and oowpea. A oomparison between these 
treatments on both ridges and mounds wa6 also included. 

Yams were planted 1:22 m. apart on 1.22m r.dges or in
 
the oentre of mounds 
 1.22m apart from other mounds in both 
direction.
 

Four stands of millet were sown either around the yam an
 
the mound or between yam along the ridge. Cowpna was sown between 
millet on miunds or alongside millet on ridges, 

Yields were poor, probably, becmse all crops were sown
 
very late; 15 June 1976 
 for both yam and millet, axi 22 July 1976 
for oowpea. Yields in kg. fresh yam and kg. " Igrain ha. are 
giien in Table A 50. 

Table A 50. 

Yields as kg. grain and fresh yam ha. " 

Treatment Yam Millet Cowpea 
Soleyam R 2902--
 _
 
+ Millet R 2006 244 -
+ Millet/owp R 1743 236 -

Sole yam 
 M 2934  .
 
+ Millet M 985 407 -
+ Millet/Cowpea M 951 512 -

Cowpea and millet failed, whilst yam was harvested a year 
U poon. 
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k-eals ,nduts sown "ricoiV. together with oown-

These trill were desiened to demonstrate that sowing cereal
"gioci" with groundnuts give greater cash returns than sok crop

groundnuts, and that 
even greater returns can be obtained if cow
pea is added to the mixture.
 

There were 9 treatments
 

1. Snle crop groundmits 
2. 
Sole crop groundnuts with stands missing at 1.37m


intervals. 
3. 
As 2, with maize (S.123) sown in gaps.

4. As 2, with sorghum (SK 5912) sown ingaps.
5. 
As 2,with maize and sorghum sown alternately in gape

6. 
As 2, with cowpea sown on side of ride by gap

7. As 3, vith owpea sown on side of ridge by maize 
8. 
As 4,with cowpea sown on side of ridge by sorghum

9. 
As 5, wit.h onwpea sown an side of ridge by maize[


sorghum.
 

Groundnuts were given a
basal dressing of 200 kg. ha. "1 single
superphosphate whilst each cereal stand was given 28 gr. nitrochalk,
 
equivalent 
 to 224 kg. ha.- I nitrochalk. 

Katsina-Ala 

Grnundnuts, variety T2e-204, wore sown on 12 May 1975, whilst
Maize and Sorghum were sown en 26 May 1975. Cowpeas were sown on
 
5 August 1975. Yields are given in Table AI51.
 

Table A51
 
Yield in kg. grain, shelled nuts, - 1bean, eowpea ha 

Treatment Groudnuts Maize Sorghum Oewpea Value X 
Sole Groundnuts 370 " 
 " - 95,54Sole Groundnut - 137 336 " 
G'nut + maize  - 85.85340 133 
 - 93.35 

+ sorghum 299 
 - 82.58+ maize/sorghum - 25 
328 62 
 29  89.35
H + cowpea 303  - 100 101.43+ mais e/cowpea 299 179 " Sorghum/cowpea 33 105.18
257  21 25
+ Maize/sorghum/cowpea 87.54336 62 21 
 42 97,55 

(Maize @ NI0.02, Sorghum ()911.19, Cewpea @ #21.65, G'nuts @ 925.55 
Per 100 Irg.) 

Groundnut yields were nqt affected by mixing and a mean figure was
 
used fer value.
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Yields were very poor throughout and firm conelusioix cannot
 
be drawn.
 

All oereals (S.123 maize, SK 5912 sorghum) and groundnuts
 
(var, not given) were'sown on 19 mm '1975, owpea wa seown on
 
4 Au/sust 1975. Yields are given in Table A 
 * 

Table A Aq 
Yield in kg. grain, shelled-nuts, and bean, .ha-1 

Treatment- Groundnut Maize' Sorghum Cowpoa Value # 

Sole G@nut 1385 
 353.87
 
Sole G'nut - 1.37 1219 
 311.45
 

+ maize 1060 924 -  365.08
 
" sorghum 1141 - 166  310.10
 
+ Maize/sorghum 1162 377 132  350.12
 
+ cowpea 1'<.4  70 327.89 
+ maize/owpea 1090' 962 - 81 376.62 
+ sorghum/cowpea 1090 - 145 62 308.14 
+ maize/sorghum/oowp. 951 11453 187 66 324.40 

Yields of oereals and cowpea were" peor in both trials. never
the.-less there was an indication that "giooi"l. maize pls_.cap&.may 
giva greater retu thaaroundmits.:aoxe 
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3. 	 RetatLons and Sequences 

Only one experiment, begun in 1972, is carried out under this 

head. The trial was designed to determine the best sequence in whioh 

tA grow sorghum, cotton and groundnut. 

Results until 1975 showed that the best sequence was groundnuts, 
sorghum and cotton, but also showed that regardless of sequence all 

crops showed a linear decrease with time. In 1976, therefore, plots 
were split for the following treatments. 

GrourAnuts 1 .900 kg. line and 20 kg. 	 P2b5, ha "I 

-
2 900 kg line and 40 Ig. P,0 5, ha.' 

20 kg. P205 hl3 
"I
 

4 	 40 kg. P205 ha 

Sorghum and. cotton .

1 	 900 kg. line 30 kg. N and 40 kg P205 ha " I 

2 	 900 kg. line, 40 kg. P2 0, h 7 1. 2 
1
3 	 40 kg P205 ha.

40 kg P2 05 , 30 14 -ha'1 
0 1 

Fertiliser application prior tm this was 20 kg. ha-P 2 05 

ha- 1 te groundnuts; 33 kg N and 20 kg. P 2 05 to*-iorghum and. cotton 

(corresponding approximatply to those marked * in tha.folowing ta'bles). 

T:leA 53 
-I " 

Yield of sorghum in kg. grain ha. 

Follownmg 1972 1973 1974 1975 1976
 
- 3095 
 - - - -

Sorghum 24711 2048 1236 	 1422 P + N 
1612 P + 0* 
1323 P + Lne 
1490 P + N +.Line
1462 

Cotton 2982 2449 1886 	 20o'l P 
17 02 P + N* 
19 1 P + Line 
1581 P + N + I.ne 

_________________1605 

Groundnut 3563 2819 2071 	 2524 P
 
2068 P + N
 
2129 P + Line 
1611 P + N + Line 
Z383 



_________ 

51.
 

Table A 54
 

Yield groundnute as unshelled nut ha 1
 

Following 1972 1974
1973 1975 1976
 

3408 - - . . 
Groundnut 
 l4 4s 1231 367 1384 .*P
 

1522 P 
1309 P + Line1452 
 'P 
+ Line
 

Mean 
 1417
 

Sorghum 2292 134 523 6314 }P * 

1712 P
 

1472 P + Line 

.1551 P + Line 
Memi 1600
 

Cotton 
 2181 1280 
 584 1363 P * 

1203 P 
1330 P + Line 
1352 JP + Line 

Mean 

1312
 

Table A 55
 
Cotton Yield in kg. seed oitton ha."I
 

Following 
 1972 1973 1974 1975 1976
 

- 1545 -  - -
Cottqn 
 1126 658 503 1759 
 ?
 

1958 P+'N 
 * 
1787 P + Line
1858 P + N + Line
 

Mean 
 1840
 
Sorghum 
 1584 933 851 '1609 p
 

1025 1-+N * 
1253 P + Line 
1545 P + N + Line 

Mean 1358
 
Groundnut 
 1026 809 467 
 1631 P 

1538 P+N * 
1410 P + Line 

-n 1709 P + N + Line 
1572 
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Table . .. shows mean yield, for treatment over all sequenee, for 
1976. 

S + C Sorghum Cotton Groundnut G 
P. 1984 . 

*P + N 1794 1507 1479 P 
P + fAne 1794 1083 1370 P + Line 
P + N + Line 1561 1704 1462 +P+ Line 

Yields of cotton appear to have recovered to those obtahied 
initially, whilst groundnuts are baok to the 1974 level.. Yields 
Pf sorghum did not recover but stopped declining. Two what the
 
reversal of the previous trend is due camot be decided at this 
stage. No clear response to additional phosphate or line- , compared. 
with fertilisers given in previous years, was nbtained. 
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SLI,.PROGkHIz HeII Weed Control end Tilage 
This aub-p g. _a oyeeed on 7th Aril: 977. Tb objectives
 

am prioritioa were r 
 d and the priorities revied. The revisedsub-progrmme was approvod by the Professional and Academio Board on
 
2th June, 1977.
 

Extrants from the sub-coqmittee minutea:-

To reduce Or eliminate competition from weeds for at least sevenweeks after the sowing of a .crop, in the cheapest and moat effeotive ,weain all £inge qrstoma, without reduoing yield and with: the main intent
 
to reduce dudgsrp-."
 

Cotraints 
Wher chemicals me used to control weeds ,her. 3hotld not be toxic
to mfaals, 
orp if toxic, satisfactory safeguards most be ensured.
 

910h chemials should 
not leave undesirable reaiduea" 

Although the main concern is the small-farmer, the most Imediateuse for horbioideawi-1-be Tow large scale production farms, ead all " efforts should be made to be able to answer lv ed problems in these areen. 
Immediate priorities for crops are;

a)Control of weeds in the mixture millet/sorhti,.b Control of weeds in sole crops maize, cotton, groundmts,
millet and sorghum." 

Project H.1I1./i Weed control in the hoe farming system.' The revised
criteria for-making recommendations in this Projeot are now:

(a) Rsduoed weed competition measured kV the 'logistic weed growth::ate' (Ogborn, 1976) for at least 49 deas crmpared with a
tlnemy irocd C XZXtr JatxUunU. 

b) No reduotion in yield compared with thq CH3CK treatment&o Herbicide residues tolerated in a pot bioassay or in hoe
weeded test crops grown on the experimental site.

(d) The weed control input must be profitable at current prices. 
Aronona practice

All early sown crps arp.estAblished c old (previous season's) ridges
prepared tor themini possible 'spot' hoeirg. Late sowi crops may be
 
sown on split ridges.
 

When hoe weeding is needed, the whole ridge saurfqce is cultivated.
 

Herb&Aoid aori ation
 
-Methods of herbicide application practicable 
.or the, hoe faer,,, The.general shortage of water in the savannah zones durin crop eatablimenprecludes the use of orthodox. high volume (200 1/ ).herbicides applications.Manufactirad grarmiea b,.-adoast by.'hand 'give good results but are exensivea"nd not readi1 'available. Mixtures of superphosahate and herbicide(herbilisers) broadcast ty hand were compared with verylow volume (Vw)'

applications at 10 3/ha in1976. 

Sub-qproJect H.IflTi/i Wood' -control in-the zrghmn-, millet. mixture. 
Researcher .-J.EA Ogboru " 

peirime nt H.III/i/1/i 
Coemarisono h__blier = 'iA VLV nl!ctk ona.of i _-M int he llet 

" The exerant Ran based ona crop mixture of' altornnive rbws ofmillet and "sorghuehw.b--re sown onto ridges left after the 1975 harvest
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1W/76 	 -;iwo -ebli3.*amnWboao
 
plots ier or 1 bodcs -sdIen incorporaited on'dme
 

5V5/6 13~t application of VWV lirm-on
 
24576 Hoe weeding stafted
 
26/76 sorghum planted
 
7/7/76 2nd application of VJW liw ron
 

20/7/76 coupea plant-ad into the m:let 
rowe
 
28/8/76 Millet harvi 
t
25/76 oowpea picking -tarted
 
I 3/i 2/76 	sorbum hbiost 

There ere sevral operIftoirl errors! :inI'J.ii: a failure to applynitrogen 	fertiliser. The final field layout included a no-orthconga , ' and unintentiinal contrast'Airdmum 	 tillage'I (.inimum 
bet'mren slots whichreceived Only the chariateriastiohoeiW ridge prOParation used bay hoe faners'before sowin millet an'a pro-plant .Oultivation of the ridge with anintennediate technoloa rolling oulti'ator, 

o ed trrol
oth a 

, th'1b2Umon was :adversely affected by .h,presencepa gaa-ed,ton whwohtolertoa Uinuron. 
Thegros= value of 	the total produotiin frcime "rp
mixtiirewas not only reduced Ir tki .absance of fetiller, zdtrorn butheavy damage done ty bda' 	 also IV 

As 	
Ito the earliest'matqring ploa of, let.in provious, years thes,' waerpthe plots rec6:'3j.r ppb linuran.recorded 	millet yield -rsnonse ito lIAuron The

aplication was therefore
ureresimato.,	 an 

Fertiliser' I quintal of auperphosphute/ha
or aide banded except that 	

either broadonrt &A hrbiliserthe 'overlaps t-e0Vnf t receivia 3iv149 .
of linron also rc -ed 	 2 quiital of sperph3aphate.', 
he 

Table C.1. T effects herbiride formuation a! i-ex. tiqez. 
on yieda hb d.i Ab- t 

Seedbed prep. ,minimum 	heim yU h (I=
Linron.k al/ha 0 1.6 .8 + .8Herb. applic. - ppb 	 1.6 3.2 pp. ppiSuper. applic. banded 	 brdoast 
 bonded brdoast brdcastM1 .rn kWha 127 121. 246 205 1 7SorghUm. 	 grn. kg/ha(aig)11o 192Comp. grn. k&/ha(sigj) 30 _ 299. 581 812( .026) 
%roas N value IL 	 I& M( .0+)L(05 

Hoe labour hurs/ha
 
Crop estab. (7weeks) 315 339 
 339 411 ,09
Mil. harr. (ig.) 12 " (.0 166(002) 65 02
End of rains' 312 281 (E1Hoeing costs N 	 6 86)I66.o0-1 -11
 
Herbicide co&;s. . 7.30 8.10Herbicide profit 	 7.30 18.6o

1.4 
 .82
Daya of wend suppre-	 . 

Melon bioassay (s3 ) -+ 
2.
 

Note. Millet and sorghum wgrb valued at 20 /kgp compeas'at 35Il/kg and labourat 21 ".4k/man.hour. 

http:inI'J.ii


The issults frrei the major tratment combinations are shown in table CAiAll liiron treatmuts produced acme i.ireaein-.gpnboth inooporated irw.rv igup value butzntreatmenli as)gizjoantly 3Mduced oowpea grain
yields. Similarly-both incorocrated
residues which and the!.ap34tVVwere detentable ty bioassay. treatment leftThe 3.2 dosage residue waslarge enough to endanger following crops.very small The 1 .6 dosge residues wereand unlikely to have aror effect on sensitive crops.
 
Only VLV appliatiQn reduced hoeirC hours. 
 The increases observedthe other treatments werein due to the response of Cyodon QoIXLonbroadcast superphosphate. toThe total wpvalues were and the eqvalent 'L'reduced for periods exoeedirg 49 days from soirig. 
Linuron at 1.6 units ppb reduced competition for moreweeks without reducing than sevencrop produotion

residues. or leaving detectable linuronIt is therefore formally 'recommendable',attractive to farmers if applied to a 
but unlikely to be 

with no site infestdd with Cvnodon daqtvlonnitrogen fertiliser. The split VLV application of linuronto be very profitable ppewswhen applied to a cultivated seedbedgive good results in and shouldthe animal power ferming sstem. 

Current recommendation. None. 

Proposed recommendation for the Sameru area, all herbicide dosagesas-kg al/ha.
I . Lin ron at 1 .6 units pre-plant broadcast as herbiliser to milleton 100 kg single superphosphate/ha. C1nodon dctylon shouldbe absent and the crop should received nitrogen fervtliser.
 

Experimental series 
 H.III/1/i/2. Zonal testing on sole crop millet.
Eight experiments were proposed for 1976.and Lokogoma were The experiments at Wailonot established. 


not yet available. 
The final results for Maiduguri are
The experiments at the remaining five sitessujimsrised below. 

are 

The herbicides were to be broadcast as. superphospheteon uprepared ridges remaining 'herbiliser'after the 1975 harvest.to be Tb3 millet wassown on I at My (or immediately
Detailed instructions were 

after the first moderate rainfall).given about crop establishmentbut in only on6 and hoe weedingcase were they adhered to exactly in spite of regularJunior staff touring from IAR. Nevertheleassis remarkably error resistant the'exp'erimental techniquei.'ntalobtained in 
and clear expqr conclusions wereall the five experiments reviewed

recorded and 
below. Weed weights wereshcw that the herbicides definitely reduced weedinessbut this did not in general affect the hoe weeding effortcentres mainly because of failure 

at the farm 
to perform the prescribed weedingrbutine. The effect of reduced weed competition was therefore mainlyshown as increased yield. 
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. 1 u d ~~azoris . . .n ' , 


I075 dosages 3.2* 1.6 -
Grain yields 205 95(.003). -147(.057) 

1976.dosages 
 - 0.8 0 0.4 
333e 285,.(O%5),.33+ .. .523(.o) 

Ladanawa 176
 

1976 dosages - 0.8 0.4 
 04 
Grain yields -33 398(.041) 367(.073) .313(.255) 

Potskum19qj
 

1976 dosages 
 - 0.8 001 0.d.
Grain yields .155 1366(.181) 1216 11 27 

Northern Idwal
 
RanD 1975, Da ora 1976
 

1975 dosages 
 . 3.20 .

Grain yields . 757 510(.083) .689 

1976 dosages 
 1,6 .' 8 0.8 
Grain yields 1483 1639(.166) 1805(.029) 1664,-.'131) 

Mbatie 1976 Riverain area 
1976 dosage  3.2 1.6
 
Grain yields 201 213 
 166(.033) 265(. C6)

Nc7te I. The figures in brackets indicate the. 11-tailed' aanifican6e ofthe differere frr= the 'hoeirg onlyi treatmentNote 2. The residue's of dosages marked '* were dteoted l0r melonbioassaW in soil sampled at the end of the ralms. 

http:285,.(O%5),.33
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te reaulta, in tab-. 1- iad~t-U owArJY that suleotive d'Uages In 
tbA S&A.n Was, aro in the wig. oZ k4/h or* la this lavelwon 
was too ,ighat Tmbu whr 0.4 t44ts did not inu e y1.lkd in &A
oweptional.y high yieldirg and accurate o.Perima.. ults at

Potis)RO fVP*6e' t 
 tha.doasges could be higHbr. Thie"iconfiUed the absence of residues detectabLe by egusil mion:biopasm. 

In the Noithewn Gui ma some where 1.6 kS 4/hs has alzeay been
4 8ntifted an t s'4oelective dosage fer Sanamr 
 andBirn z Gwari, the

cm' dosago a'e an increased yield at 
faiora in 1976 and a mall
 
reduotion at RMO 
 in 1$75, It.would appear that o.8 units is the most
 
pefiteLa dosa;-
 in th ano - Daxcre aea. 

The first result fzrcm the Diverain area appe ps to ir&L'att that

14-won is not seleotive3Y' active 
at this site whereaa.'pr sine has
 
given a aignifioazhy{id increase. This woild be oryeted mdth the
 
higher ra nall 
 and greater proportibn of broadleaved weds in the 
flora' 

The results frm the northern Atea in 1975  6'show a very maizasd
oorreUatin betwoen the selective doaefag 
 and l, .ycntnt (Table 2). 

Oxat)Yo matter conbe..s appear to -be very low in all tlkn 
eopertn.,tal sites aud tI' does not appear to be an Irportant variable 
affeuting Lbicida aelivityo The influerwa of seasonal :rainfall can 
only be determined by firther aeasons of testirg with the selective 
dosages. 

4,22:_seleotive-*b daaes l1igron relatedto laycootent. 

T4u '0.4..
 
Ladnnawa 
 4 0. 
Rano 10 0.8
 
Samaru 
 12 
 1 6
 
irnin Oari 
 12 
 1.6 



in sou Or D cotton at Smamu,
4rarion of harbi2±er and VLV appiloat:Lon Offuo n aaoo --- "alp" 

rdA fJbj 2. rbiides weo b oe t up aridaes wre J ot p j wumown.o u pza- oton Onpslor to Jiuy P.*ntixg in the 'hOairg oa3YSared 

The main object ive ws there fore to o o ga r 'a nurs p r tie ' J u:Ly 
sown cotton with tmin~mw tillaga' ,)ttOn sownarinourJims.e, 

1 76 VIAV9I/76 Herbi.isertreatmentstreatmentsapp-1.1,d.applied , . ... hon i '.dral of boroneted 8tP /he 
I5/6/76 Hoe weeding started,
 
2-/6/76 Herbicide treatm.q,

1/7/76 

son
 
Iidgea split over 1, quit. al of boronated St ,/ha6/7/76 'Hoeing onyt'treatments scown. 13oronted 8tPA side-bandedVLV treatments. on 

30/8/76 Cotton a.reyirg started
 
1/9/76 Urea 
 side bandod on all treatments at I quinta3/ha

23/1 P6 Cotton picking started. 
10/2/76 Cotton picki M, c .omplted. 

RReadtoredab.ete 

The results in table C.3 show that. all the Jura &oV nijmiu t.11480&herbicide treatmentihad, reduced Weed growth, Yield *hih was rate !rm~ts.svnak:nor)sigaioantly belm, theof the July sown range'famers practice cheocks. With this exoeption ther fore,
all the herbicide troatmants 
were vrec _endablete
 
Table C.3 
 CrM ilsadd rtino edsa ra io hoCaMrscoon 

Treatmen HerIbieode F9 a/ha. HO.Ing Seed oottondiuron .alapon mode kg/a Thys ofweed fresaio 
7 2...X.,n"- t j 5 3( .004)w 
2 0* 0 tmely 1502(.0o6)., 111 .0.8 0 *' :mely 1179(-.126) 1614 
 0.8 0 ;!ate 1107

6 
 990.4 'O(V)2. late 1097

10 990.8 2.0 :Late 1030 99
3 0.4 

04 
0v) timely 961,0l 2.0 late 938 9
99
 

2 0.4 
 2.0(V) ,l"ate 
 923 
 95 0.4 - ' late 923 99 
9 0.4 2.0(V, timely 789 99 

CHRCKa 0 
 0 t99ely 9
 
S04 
 2 time 738(.6) 99 

xotv. 
I.1 Value, in braokets indicate the signifioanoe of treatment meansoutside the range of the cHEKa.
2M (V) herbicide applied in 10 2/ha with a VyV app-icator,Othr zea,t. 9ore 8plied an herbiliser, 

The 



S'cheaneat 'aj mon.effeive trea1t2nts.f, 
TbS ' ulto. in tabu. C.4 show that in 1976 6 out of 11 reoome abletret t -Jfold baswe been profitable, 

Table, C'k 2ceoo rm one ohecie~
 
Trmeati: Cost of herbhidde Labour hour /ha 
 CM resporse Profit fi'v herb 

7 • e.7 619 600 0 644.2 1.37 635 .8 246.32 
1 3.65 -13 226 - 29.6%.•4 3.65 1062 1 30,8o06 1.82 (v) 970 144 49.2510 8.37 724+ 77 74,6731 82 (v) 982 10 5.1411 6.1. 961. -15 - 2.93

12 6.54. (V) 1012 -31 - 18.725 1 .82 052 -. 31  20-30 
9 6.54.(v) 837 -6 2243CH-CK 0 1000 

8 o,5. 



1413 -215 -1614 

Note: Labour and seed cotton coated at N.2144/hour and N.31/kg reppeotiveay. 
Table C.5. shows that 'delaying' hoe weedirg hadpropo'iorr-e effe" t a very smallon total wecdirg hours, reducingwas accompanied by a small reduction in 

costs tr N19.72. This 
crop yield which reaulted (Table C.6)in a reduction i prof'itabV.it-r of N23.%. 

Table C.5. Lin g ma o h 
Herbicide treatment 
 floe weedig mode
 

di~mon /dalapon 
 tiel Agdele0.8 0 148 1062 1255 
0.4 0 635 852 744
0.4 0 (V) 
 982 970 
 976

0.8 2.0 819 724. 772. 
04: 2.0 1413 961 1187 
04. 2.0 (v) 12 

Meansi__ 
220

CHECKS 
1000 

Table C.6. Treatmen ffects on hebioideDrefltah,~t (a.
Herbicide treatment Hoe weeding modediuron dalapon timely means

0.8 0 - 29.4 30.80 .58
 
04 0 
 ' 246.32 -20-30 113-.LO0.4 0 (V) 5.14 49.25 27,20
0.8 2,0 2164.4 74.67 145.56
0.4 2.o -i .' 4 -2.83 -82.28 
0.4 2.0 (v) =_22 -872 -28
 means 
 ,8,81 .,.58 
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Table C;6 also shows that herbicides- gave an.average pwofitabili tr of N30when labour is coated atNrofitab the 'farmers rate' of 211.4 kobomur. The avareagewull-zaeankij bad .bencharged at thegover-ment rate' of 27.1 kobo/hour. 

The combination of 0.4 diuron + 2.0 dalepon was clearly ui'rofitablewhGreea.6 04 diuon or 0.8 diuron + 2.0 dalapon were profitable. Eitherof these two herbicide treatment can therefore be reoonmended for Zaria withthe latter preferred for sites wher I daon is present e Thisgrass is not controlInd by soil applied diuron but can be suppressed tbrtimely hoe weeding. 

The actual mean hoe weeding treatments are shown in table C.7, 
Table C.7. Weed control culivation, in hoe fgrmers cotton at SamarUl97,

(Iead wt es.kg d.h. lHoe time as hour/ha)
 
Treatment Hoeing 
 i at cultivation 2nd cultivation 3r cultivation. 

d~r~r dalapon moede. dote -w." E& h= a gihour 

, 0.8 2.0 time]y 19/6 2953 308 31/7 602 
336 22/8 342 175
2 0.4 0 timeiy 18/6 2782 315 29/7 681 266 13/9 250 5+1 0.8 0 time3y 18/6 2980 501 23/7 755 557 3/9 995 390
4 0.8 0 late 15/6 3829 588 24/7 1070 228 1/9 635 246
6 0.4 O(V) late 16/6 795 476 26/7 917 308 24/9 1096 186

10 0.8 2.0 late 17/6 1662 347 1/8 887 144 30/8 84 233
3 04 O(V) timely 19/6 3072 441 27/7 687 511 .V9 149 30 

11 04 . 2.0 late 16/b 2437 319 29/7 1079 378 11/9 494 26412 04 2.0(V) late 25/6 2529 490 20/8 1149 95 7/10 4+55 427
5 04 0 late 15/J 3F 37-1 28/7 851 368 4/9 311 113 
9 0.4 2.0 (V)Maely 3/7 2875 483 20/8 1290 242 15/9 24 112C CHS (idg-, littir) 413 3/8 932 190. 16/9 925 397
8 0.4 2.0 tmely 18/6 3593 581 24P7 624 3+3 28/8 288 489 

The first hoeing was the 'establishment cultivation'treatments. The table reveals that the delay imposed at 
and was timely in all 

the second weedinghad very little effect in delaying the third weeding even though theplots 'late'were in fact delayed after they were marked as 'ready for weedirg'.These results confirm that the hoe farmer gains no profit and does notreduce his total weeding task by delaying the weeding of cotton in the presence of herbicide. 

It was also notewortIr that the verywhich gave spectacular early weed 
low volume herbicide applicatioms

control, did rot i-rove to be highly profitable. 
1976 wasrcap of the worst. 3easons so far ecperen-ed for herbicidalweedcontrol on hoe farmers cotton. Eary and heavy rains produced vigorousweed growth on herbiliser treated ridges, while the thorough wetting ofthe checks reduced the effort normally required

continuation of the rains at the end 
to split them. The late 

of the season also reduced the normalyield reporme to June sowing. The profit from using herbilisers wouldtherefore be greater inmost seasons. 

Current reocmmendation. None
 
Proposed recommendations, for the 
Samazu area, all herbiolde dosages
&a kg al/ha. t 
1 .uzon 0.8 + dalpon 2.0 applied as herbiLisers on iOD k single
s3ezophpha e/ha. When Cynodon daotylon is pretent..


Diuron 04 nprlied as herbi4sers
2. on 100 k9 single superphosphcto/ha
f . - . 



Uh, .,, nta;. series HJI/1/,20 . onal testing in solo orop cotton. 
ashuso49s, wan started in~ 1974+. The first two sasons were mainly usd~ e~emj~ he ptinasdossges .ot herbiwide. fthe 76 e.Varinenta -,sqd4i !e. whic were epeeotd.to be profitable axid c~vendnbleo 

T.Main. emirtmental conparisaonr 1ses :(I .mostxf *quent 
was to comare July *owing on splitrode o.? crop eastabliehmoen)On ujVrsV~apared wkth June sowiseodbed which had received a preo-pant-broadoast applicationof herbioide. July swn herbicide treatments were also included. Dituonwhich is the cheapest and oldest cotton hezbicide was compared withno.1lurason which has activity against established weods and sedges forJune BowI , 

A set of very low volume treatments was also included inbut the seriesapplicator defects reduced their reliability. Only the results fromthe hrbiliver trestmtn are therefore presented.
 
All herbicide dosages 
are expz%1,sedyields are expressed as Kg al/ha. All seed cottonin kg/ha.

spreys. All cotton received four insecticidalThe crop was otherwise ' wnOacording the 'RecemendedTte statistical significance of differences between herbicide 
Practices,. 

and thn Juv treatmentssown CHECKs are presented in the f llowing tables in bra'jkstz. 

e e State Deive Savarmh Zone. Herb-lir a e 264_Ub . 1221 pnt broad st herbs oncottonat oo.76 
Seed cotton Days of weed Millet Herbioide 

jV~~ -bioiassay 

diuron 0.8 4/11 (.051) 79 deteoted(.02 ) 634o

diur n 1 .6 4.09( .9) 
 79 detected(.026) i32,.07

norflurazon 0.8 
376(.13) 
 79 deteoted(.C+)* M8 .80

norflurazonI .6 
 5f81 (.o00) 79 deteated(.669) N7 : 

diuron 0.8 171(.077 1%. .eteoted(.008) -. 38.06

diuron, 1.6 
 205. 14 tolerated ? -N11,.17
 
CHCK (ridges split 21/6)
 

282 

-

It Was not practicable to4easure labour irputs direct3y at Dopo.The June Yown herbiliser treatments- had a ligHt weed cover at sowing
time"whereas the July sown oro' ad"to be sown into p?.ots covered ,with vigorous established weeds. The weed growth rate treatments was reduced until the 2nd September. 
on the June iin 

The herbicide residues both diuron and norflurazonin the soil eamples assay, 
from were detectablethe diuron residues beirg more damaging tomillet than nrrflurazon. Until ihe status of thesealarified by test cropping in the field at Bopo it will 

esiduea 
not 

can be 
to make be possiblean urrestrioted recommendation$ but thereof the most effective dosages to be used 

is. now a clear indication 
i monocrop cotton.The yield reductions snd negative profitability indicatesowing is the that Juneonly crop for which Pre-plant-broadcast applications are ofpractical use.

This was a very well conducted experiment in which al the experimentalinstructions were correctly performed!

.Currentecoqnmendetio. 
 None
 
PZr. Osed renmmendation 
for sole monooropped hoe farmers cotton Bopo area.Diuron 0.8 kJ al/ha pre-plant-broadoast as herbilier on 125 48 ofsupephoaphate/ha.NOPzluraion 1.6 g a/ha Pre-platt-broadoat as herbiliser on 125 kg

of supez hosphetw/ha. 

http:deteoted(.02
http:epeeotd.to


11mu ZNoL-h4. guinea sManna n.2 biie l-ld2/a1W ndk 
Table C Pre-elant broadcst herblj' -otonat Gusau, 19746on 

Seea cotton D9Ys of w ed Millet Hexbicide 
suppression bioassay profit/ha
 

di'dron 0494f7( .0014. 93 4 tolerated 1 13 . 7 
diuron 0.8 934(.005) 93 + deteoted( .161) M 09.50 
nortluraoon 1.6 1005(,00t) 93 + deteoted(. 4.3) 1114.49 
norflurazon 3.2 946(.004.) 93 + deteoted(,043) N 75.53 

Ju&y sown 6/7
 
diuron 0;4 
 653 18 detected( 161 ) 24.22 
diuron 0.8 7O( .151) 18 dseoted(.O9) N37-89
 
CMIECX (ridges lit
 

on 3Ap6) 569 - .
 

The experiment was basally weeded on all plots on 16/9 disregardig
experimental instruct-I.ons. The weed weights ndicate that some norflurazon
plots were weeded unnecessariy. 

All herbiliser treatments yielded better than the CHECKs. June sowndiuron 0,4 also left no detectable residues. This treatment is therefore
'recomMibndable' without restrictions, 
 Norflurazon 1.6gave a slightly.higher yield and a comparable profit but left significant herbicide residues.It can be recommended for monooropped cotton because of its activity against
sedges. This experiment was reasonably well performe,. but the weeding
instructions were neglected.
 

Current recommendation
 
None. 

Proposed recommendation, for sole cropped hoe farmers cotton Gusau area..DuAron 04 kg a:iha,.pre. lqubTbr oqdcaat as herbiliser on 125 kg of supezphoe
phate. 

3M ,Niger state, Southern guinea savanna zone. Herbilier applied 29/4 
Table Po-lAnt broadcast herbilisers on cotton at Mola*1976 

.-seed cotton 
 No of "ibe Millet Herbicide 
operations bioassEV profit /ha 2 

Jura sown 14/
 
diuron 0.4 1073(.000) 3.00 tolerated 192.37
 
diuron 0.8 1053(.000) 2.69(.043) tolerated W168.14 
n flurezon 1 .6 1385(.000) 2.32(.003) detected(.0i 5)N278.55 
wrflurazon 3.2 1088(.000) 2.36(.0) tolerated(.01i)R165.32 

July sown 8/7
 
diuron 0.4 411 
 2.68(. 4 0) deteoted(.065) -N594. 
diuron 0.8 19 2,36(.00+) tolerated ? WNo37 
CHECK (ridges split.on V7)
 

482 3.25t 
 - -

Notes. I. Includes ridge splittiig
2. Uses labour costs derived by D.J. 0gurgbile at Yola.
 

http:2,36(.00
http:2.68(.40
http:5)N278.55
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The weedin opeorations, were correctly performedO notional valus ew-weed 	 at Mokwas enablingcontrol eokts to be 	Jniuded in the profitabilitycalculation. They are coupa-i(vekV uxr4,;rtent ompered with the yieldincreases obtained frcm June sowing. 411 June sown herbicide treatmerts
gave more than seven weeks post sowing weed control.
detectable residue at either dosa&O. 	
The diuron left no

The moai,prv,'itable treatment wasnorflurazon at ,.dosae of 1 .6
Either dosage 	

but this 2ift si-niant residues.of diuron is recammendable anri gave comparable profits.The lower dosage is Sefer and is to be preferred
 
CurTrCa reommandation.
 

None.
 
Procosed recomnmndatioi 'for sole 
cropped hoe farmera cotton Mokwa area

Diuron at 0.4 kg al/ha pre-plant-bronj 
9 ast as herbiliser on 125 kg


of superphosphate.
 

mia _Kaduna statek ' Northenguina savannazo .~o, .bil er aalied 304
Table Pre- 2r. broadcast herbilser, on oun at " min j__6. 

seed cotton DAys of weed Millet 
 Herbicide
 
suppression bioassay profit/ha


June swn18/6 
diuron 1 .6 6C4 not .deteoted(.i 38) V .13A,diuron 3.2 
 750( .0341 recorded t tolerant' ? Y+7.10norflurazon 1 .6 772%.022) 
 deteoted(.092) 
 W+7 .81+norflurazo.3.2' 812( .010) detected( .13) U39.57 

Julys 6/7 
diuron 1 .6 626 
 dateed(.102) 15.95diuron 3.2 
 64.3 detected(.13) 
 N1..93'. 
CHECK 	(ridges split
 

on 14/6) 551
 

This site is weedier than most cotton gowing areas. A so farunidentified Brochiaria sp appears to be resistant to low rates of both diuroy
and norflurazon. 
The higher rate3 o' diuron used insatisfactory weed control but this cannot be 
1976 apparently gave


confirmed owir,., to oDerational
 
errors.
 

All dosages of herbicires lelt detectable residueq (thetolerrimn to "iuron 3.2 is 	 apparentalwost, certainly a ciancu result)and nounrestricted recommendation can be made until the status of the residues
is determined directly by 
te-
 sropping at the'bxperimental site. 
It is 	probable that mixtures of diuron with less persistert
herbicides w-jll eventually be rncommended for the Suninaka a,ea. 

Current reommendation 

None.
 

P-'Oosedre.ome 4ation for so4.e monoorcpped hoe-farmers cotton Saminaka area. 
Norflurazon at 1.6 kg a±/ha pre-plant-broadcast as herbihiser on
125 kg of superphosphate. 

http:detected(.13
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Tobl, .F2 at broadoptharbilispre on ooWtUton at _&L., 1.976 
seed oc.t:n Bs .mated ders Millet
 

JaLa 1516

diu±on 04 " wt 51 tolerLad
diurox. 0.8 recodd 43 tolerated
nrflurazon 1.6 50 tolerated
 

rorfuroqon 3.2 53 tolerated
 

i 6/7
diuron 04 

0 tolerateddiuron 0.8 .tole.tcd
 
CM~CK (ridges 61,lit-cn4/7)  -ilte 

A slovenlyrecorded. Theso ooii toted experimaent. Onlyha8- beeon used to er, *tof wk, .oat mi& jL- perozs hsersuPpresain° oIt wedThe inaeoticideltapraying woa inefficTentlyin a pc.rt;. l crop failure. dora and resulte.
when a The -site waa inspected shortly before harVestpoor r p was*.redy for picking but neither seed cotton orwere aubsequently reoored. stalk weights!,The. xperiment.the rains and site w: . waterlogged duringwas probably nt. represeritative of the typical cotton landof the area.
 

Th±i. experLment 
was on expensive waste of resouros. 

None. 
osedr comme datioh, for sole crop hoe farmers cottv. ,.Lemu areao 

1Fone possible. 

Table Probable eletv dseze of iuron ;nd fLure oI 
rei atei n 

u~ron -C 0oLeu 6 04 1.6Gusau 8 04 1.6Moka 
 10 0.4 1.6.
Samaru 12 0.4 ?
Bopo 14. 0.8 1.6 
Saminake 20 

The results in table indicate that a04 units un7-m reciendntion ofof d.uron or 1.6 units 6f norfluraon mayuplent apply to"mostcotton areas. At.Sidnka, of thethe very high dosagealmost certain to leave urlesireblo residues and is 
of ditron is 

therefore unlikalyto be rroommended. 
The major boeefit

it from using preplant herbilisern on cotton ispermits early planting without ridge splittir that 
reeds Same hoeiDrUnormallyto done a few deas after the crop has germinated. 
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Zary w ed .control with herbilis.r a was les good in 1975-6 thanin 1973.4 opparently because the Kaduna aup.)rphophate,ow used forberbiliser; ;'as much larger granule size than the imported gradeprew'usly used. In 1977, -azixt=o_pDwderedrook phosphate andh d u e~aatsdad appears to giv4n-,Zoredv.& d control. 

The most aonising development however, appears o be the use 1t,h" fawiera of a 'grounrd-metered, chrouded disc' VI sprryer which issipIe to use, almost eliminates 11rift and applies the sprcr volumerequio.i An applicat4ion of 0.8 units of diuron and 2.0 units of dalaponin early Noy on unprepared rid.ges was still controlling weeds in cottondurirg the first week of August without arW supplmenLcy hoe wwding. 

- ,.roieot H I/I/A. vt~' Zero- tlJ!ae in the hoea~r 

R)% "Yment H 11//3/1.
 
ZSero-tilleeo on basement complex soils in 
 the Northern Guinea
 

suarhat.- Samaru. Researcher, JZ&A. Ogboru.
 
UTa 5.AsrbWtion Was in its 7th season in 1976, It was based-,:eon the idea of controlling weeds y using herbicides without priamry"-ou1.. vat ion. andaR;pl~m~ntVr g their action by surface hoe 'soapig'.

The crops w.~re sown on the flat and all crop-residues ,;re left on thesol. ae -o'truma -anderoion, , A detailed;reviev(.of theresults to date is not yet complete but ft is already clear that thetechniqueqis not 'well suited to the S&-aru. ergironment. 

Teae~preicbe of suceesful zero-billage In mechanised systemsusixg"Con te'tive herbiides is that the weed challerge deoreases as the weed'seed reserves in the sil.1 surfavE are exhausted by the firstfew seasons of chemical weed control* It is then soastimea possible tostop using herbicides for zeveral seasons until the weed infestationbuilds uV again.' Table C4.shows thnt while the weed ahall'egeundoubte ijy does decrase with continuous vero-tillage', the. actuallabour iputs are of the same order as uorentionally Crown. crops. 

Only the cotton figures-are stikirgly less than the values forconventionally .growncrops on adjacent sites but it aI:ould be rememberedthat the zero-tillage crops not enly received a' havy input of herbicide
but was also sown .a,:areda spacing 
 of 46 jm. This is teohnioaily moredifficult and more iourious for hoe farM.dr then conventional ridge 

hrequired to cotrol oe6in zero- illage 
o f 7th 5th 3 d 

Maize 517 700 ICO 
Sorghum. 638 8% 956 
Cotton 358 387 429 

plantiN at the equivalent star. The crop yields reed to be considerablyhigher than conventional to justify the use .f the zero-tillage techniqueand, more important, they should tend to increasi with time. The results' in table C 5 show that only maize yields iroreased with age of e-o-tillage
durl.ng 1974 .- 6. 
Tbble C 5 . Meanyieldsof zer-.tillage crepe in the hoe farmir svsten 

2,,ero-tille ta_-ted 1222 197Z .j2 
Maize 2700 .2550 1920
Sorghm ....... 4780 180 1920
Cotton (71+ - 5 o.y) 1021 960 1302 

Me technique-may be .more sucoesful, in lighter soils with. weaker weedmpefizion and it will be tested in the Sudan vone whenever this becomesnetlaable. 

http:detailed;reviev(.of
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Currez* reocanention 

None. 

lons. 

PRfereGce O&born, J.Z.A. 'The(1976) analysis of weed groWeh in hand hoodez1perimentsap 1976. C conerence weeds.ProJeot liIXI/2. Weed tortrol in anmel ,owred fann4i ein 

The objectives in this project are to redune
increase the utilisation of animal power 
hand hoeing, to


and to .Zarove profitability. 

Z4 f t IP/2,1. Straddle - ridge oultivati n..
 
This sub-project aims to develop 
a package of agronmio prettioesto optimise weed control with the straddle row rotary cultivator, nowbeing developed at Saynaru. Apart from the improved acouraoy derived
from the straddl3 row technique, the package 
 also ibaldea pre-plantridge cltivetiQn with the option of incorporating herbioides followedtor drill sowing (witfi a hand metered sowing tube), 

The system is partioularly useful for heavy land areas where theland is usually too dry to split the ridges before sowing early planted
crops. 

Experiment H.IXI4/i a. Researcher, J.E.A. 0gborn.
 

Straddle-ridge cultivation wevd control, in 
 sole crop cotton. Sanaru.The objectives of this experiment were (I) to compare the incorporationof trifluralin herbiliser on old ridges in April with incorporation on
ridges split in June. (2) To compare 04 units of trifluralip with 0.8
units. (3) To theassess suitability of a prot&Eype! rotary cultivator
for seddbed preparation and post-emergent weed control.
 

The prototype cultivator was not developed to cultivateridge and the wholecould not therefore be used for herbicide incorporation. Thisoperations had to be done with a hastily adapted model of the originalstraddle row rotary made by Mr. Boyd of ITDG in 1973. 

neld oerations 
9/4/7G Trifluralin herbiliser incorporated on old ridges. (i quirtal SIUP4ha)2/F/76 Rotary cultivction ot pld ridges started.1517 -Ridges split 'on 'zemainirg treatments.23/ 76 Triflurelin herbiliser incorporated on split ridges.23/6/76 Cotton drilled through hand metered sowing tube on a Poyd rotary

cultivator.7/7/76 Hoe weeding started on tba tope of the ridges.30/8/76 Nitrogen fertiliser applied at flowering. (1 quintal Nitro/hs).21/59/76 Insecticidal spraying started. 
1 /3/1. Cotton picking started.
 
2 7 Cotton picking complete.
 

The 
are 

results of the experiment on weeding requ.'-emen and seed cottonset out in table C.9. 7ll treatmeits r .celved v totv.l of i.qutntolotSA. iih the seedbed nnd 1, %Iirta.of. nit= uidobazdq.e.tfirst flower. 
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Tble C 9. Effect of wee :ats oneed co n yil

&Wbstradoie row oultivation atoSmru
 

Trifluraslizn Cultivation Ho - .gah Seed cotton 
Herbicide 
dosage dates June-July Aug.-Oot. "I/a profit/ha 

.'biCLer inooERoratd on oldid e 9//76. 
0.4 (2/5, 27/5 - 199 507 887(.264) N25.56
 
o8 - 6/7, 30/8) 166(.220) 493(.241 ) IC81(.032) N95.78
 

Herbicil orDorated 23/6 on ridges. lit 15/6/76 
04 (2V6, 6/7 - ' 47(.O30) 518 875(.294) N 9.20 

0.8 - 30/8) o(.220) 1+66(.044) 940(.161) W8.3 

Q2Lit ridges only (meens of 2 tre:tmernt ) 

0 (23/6, 6/7,30/8) 188 510 799 

S.3. mean 	 +22.5 + 57.7 1110.0 

Note. 	 Figures in brackets uxpress the e:,act t1 - tailed t significance
 
of the difdferenre fr,-u tha 'Spit ridges only' treatment 
 mean. 

The conduct of this experiment was complicated by the presere of 
a heavy infestation of the perennial stoloniferoud grass .Cynodondaotnlon 
(kiri - kiri). This was partially suppressed by the ridge-split ing in 

Jdna but the rotary cultiva'ors ::t only were unable to control the vegettive
growth but also dugout and :'p'_Lted some of the weed which had been buried 
by the ridge splitting. Consequently the early weed growth in June and 
July needed more man hours for control on the herbici,- treatments than on

the 'splitting only' treating.. The two rotary cultivutiona in M4 on the
 
old ridgej in rdther drjor conditions did give some control of oynodon

and detectaby reduced the hoeing required in June and July.
 

Only the 0.8 dosage Save deteothble weed control after July and this

late weed control was associated with detectably increased yields. The
 
0.8 dose r,which reduced hoe weeding from June to October and increased 
yields markedly was definitely profitablo. 

Early weed control wiJi undoubtedly be improved as better incorporation 
equipment is developed. The equipment so far available is not able to
 
work efficiently in the presence of trailing grasses.
 

Current recommendation
 

Nori. 

P oposed recommendation for aniral psver farmers sole orop cotton. 
0.8 units of trifluralin broadoast as herbiliser on 125 kg 

superphosphate/ha 	 incorporated pre-plant. 
This recommendaticn cannot be implemented until suitable incorporatim 

equipment is available for farmers use.
 

Best Avalable Document
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E~qerient H.I!/2/ib. 'Researoher, J.E.A. Ogborn.
 
Weed control in an.;l power 
 farmirg systems.
 
Straddle - ridge cultiret! on weed control in eo
sole groundnutsa. 
The objective3 of this tricl were (I) to compareherbiliser with broadcast 	 banded triflurajit 

coserve the effects of the 
trifluralin and a no herbicide check. (2) Todifferent proportions of placed superphosphateesult4g from these tivatmeuP. 

ogt re ions 
27/5 - 2/6/76 	 Site prepared by r- dgdi followed y I pass with the Brydprototype Samst,d.4 1/6 Applioation of herbiliser ticideies and placed sjuperphospbate

all at 1 CO kg STPA/ha.21/6/76 Grouncnuts plaz.;,ea by13/7 / 76 	 hand.Rotary weeding started with the Oni prc;otype Sams~rad.4/8/ 76 Hoe weeding started.

8/10/76 Groundmuts 
harvested. 

Table C 8. Culti' otions, hoeings and yields 	from groundnut production-lOte in ther1 1ap 0, r sytemTreatments. Trifluralin Samstrad 	 Hoeing man 4roundnuts Herbicidedosage ppi cultivation hours/hain in shell profit. 
---- kg vl/ha daIoug. mt._ ha 

No herbicide 
10 placed SIPA 6890 
Banded heriliser

801 placed SIPA 0.16 	 17/7, 2/8 99(.17) N33.56 
Broadcast 	herbiliserr placed SUPA 0.80 	 16/7, 2/8 241(.%8) 859Standard errors 	 -N 2.39 

+ 23.7 + 97.1
 
Note. 
 The values in brack'ts express the e~:aot 	 significancetreatment differenot from the 'no -	

of the 
herbicide' treatment. 

The straddle row cultivrtion3
performed 	with a protoW:ype 

rre not optimal because they werestilI under development, which wasunder full experimental 	 also notcr.;rol. 	 They did however, eliminate the needfor all hoe weeding durir,- June 7rd July. 
The broadcast herbilaser treatment reduced hoeing manbut did not increase yields. 	 hours significantlyThe binded herbiliser did producein yields but did not retuce hoeing 

a small inerease 
man hours. 

These results confiir the 1975herbiliser treatments 
result that for groundnuts, broadcastyield less than those where some of the STIA isplaced below the seed. 

Future experiments in groundnuts will thereforeof superphophate placed be based on the usebelow the seed oonbined with someherbicide 	application which method ofdoes not involve the use of a "A carrier. 
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Projeot HO.Ig/3, eoVhni od weed control 

The divloomen of large scale crop produotion schemes requires.lmited research progrmn ato.aaertain-the-corrot
foe abb ecological xone..aM to 

h rbioLVb dosagfaOMpare cultivation techniques developed 

Sub-prOJect HII/3/i. Partial mechanisation. 
gain objectives:- I . To develop herbioide applicationsseedbeda which eliminate on tractor prepshoe weedir without unprofitable reductions incrop yields or post-emergent tractor cultivations.
2. To develop crop rotations which tolerate the activity of residueR ofthe herbicides applied to the proeeding crop,3. 
To identify methods of herbicides applioation most stitable for
 
Nigerian conditions.
 
Presenttion of results.
 

.There are a large 
number of experiments included in this p.rJect inwhich the seedbed preparation and basalherbicides hoe weeding are supplaeented 1Yor additional hoe weeding. The major interest is thereforethe profitability cf the supplumentary weed control irputs.effectivenezs Mae actualof the herbicides for weed control was .sualy icordedzbut is omitted form this presentation.
 
Rverimental series 
 H.IIV3/la. Tmd cortrol in groundrts. 

Researcher, W.B. Ndahi. 
The objective of± the serieswas to identify the optimum dosage ofalachlor at Kano, Samaru and Mokwa." 
The Mokwa trial failed to establish.
 

&Letme.at
 
Herbicide - Alachlcr at 6, 3, 
:.i and e0kg ai/ha.
 

Sites.
 
K~o Ornd 4amwu
 

Plot size =' La.
 

Fieldopierat ions YgnoemmSeedbed preparation Tractor. ridges Emncve- splitting
Date 

8/6 16/5
Grounrdnuts planted 12/6 20/5
Herbicide applied pre-em. 12/16 20/5
Check treatment weeded 10/8 8/7
Groundnuts harvested 2/11 5/10 

To 'weeded' CHECK treatment was hoe weeded once. All. et;hertreatments received no hoe weeding at all. 
Table H*1I3;/3/I a. Effect of alao or dos'eon , trouyeld 

"-.zv atKt noad S aru.,-I ..-
Trektment Dosage -&no SmrG. N. Weed MG.N. Weedkg ad kernels control kernels controllbs .&a profit/ha 9 .h profit/ha

S 97.0 i-30 33 -Alacblor 3.0 132.3 X2.06 427 .*3Alaohlor 6.0 2 %~o D S.63 
. IN5.i 658.0Weeded CHECK N52.90219.2 +.49 543.2Umeeded CHECK W33-4360.6 1,26.2S. E. -53.1 -23.6 

http:Letme.at
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Thd cost Gf , aitle handWeodin5 was at. 3/hn andestimated .N74 
was probbly an underestimate, Alachlor is costead at its ourreab price
of :11 '16/kg 4/ha. ex xano, Yields at Kano were reduced by rosette.NeverthelOss, profitability was highest at the highebt reoum Wed dosageoC aleqhlo,-, No residue problems hive bean Abserved with this herbicide 
on meohanxsed seedbeds. 

Cumybremmaion
 
?*one.
 

PrQosed ian! Me for partially macharmsed 

Sites in Fano and Samaru areas.
 
Alaohlor at 6.0 kg al/ha applied pro-emergent in high volume.
 

Experiment H.III/3/ b. Cqmarisn of orieta- h iai fdLqe- ,_AtfL2aA 

for weed control in Maize at Mokwa. 

Dtsearoher, 3. Lagoke 

Site: Mokwa Research Station
 
Maize Variety: 096.
 

Main treatments vere lnt plantiig and rip planting w+h subsequemt
moulding up for rir.jxg. The minor treatments consisted of three rates(1, 2 and 3 kg alia) of four commercial herbicide formulations allapplied pre-emergence in 10 litres of water par heotare 2 harWcdirg
treatment. (3, 6 weeks and 3, 6, 9 weeks after plantirg5 and an ueededcheck. These four herbicide formulations contained varying proportions
of atrazine metalochlor and simazine. 

Table H.111/ //b . GrainY;Lql and -pei ro.
 
Tabl H.II/3//bi.~ ~ ldar4 rofitabilii ot wee, co~ 

-P.-ctic-)s -in maine at 1o6 
herbicide dosage


aMaize grin v±9ldk/ha 

metoloolor sow on . _ean Weedet o 

control

L flat r-d-e_ nrofit 

1.0 0 0 4789 484.6 4818 N226.98 
2.0 0 0 4.52 4815 4678 N184.92 
3.0 0 0. 4355 4105 4230 x 68.58 
0.5 0 0.5 4101 3875 N- o.1 2 
1.0 0 1.0 5486 3425 4455 W129.6o 
1 .5 0 1.5 46V4 4516. 4.560 N4560 
0.4 0.6 0 3987 4492 4.239 N 81.96 
0.8 1.2 0 5103 4129 4616 bi 57.32 
1 .2 1.8 0 4052 4326 4189 N 39.84 
0.5 0.5 0 448.3 424.2 4365 NI 12.4 
I.o 10 0 3527 4119 3823 M-33,o0 
1.5 1.5 0 4515 4735 4625. • 144*,48 
har-weed (3 and 6 weeks) 3748 4891 4319 1-32i0 
handweed (3, 6 and 9 wks) 4523 3825 4174 NAW14.15 
Urmeeded 
 3.27 4244 3835 -

LSD 1243 1t24 3 -+ 879.1 
Mean 4346 4290
 

http:NAW14.15
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TabU NJ4vW /A/2.ptic. on grain Y14d -Shdw. spav0Is groinYU.34. Thoai iig21 4oant affect of tillagein t....tr±. All the 

re±,suit. 16"d''i an
,wer the %knfiwed,control.. Athougi not a in gainr yieldin±oant1 h~gher, yields?btahedpataiiarsir 5('ov/ . with atraz at I and 2at 2 a"&i 3 kg, atza~blbo g, atra;,In/40/60 utal"WO~q? zsoat 2 kg e~d at 3 kc .i pe otp-~,alighl~y highrtho Uk of the handuweded -hec. (Mean of both Rduaia hatosea)
With ?'W-Plan ,m" *he So2auicn tridcU. baw.-n e 4 Sn%.atrazirm at I 

mm& 
kg ai/haatru/j at 2 k1 aS/heatraz± =/ ,ljgr 4W4Q0 at 2 i4 vd/h

ALI th. rotma t have given aLbt ye4tho
t4. Plato hana2 weeded three timen and aigniftiant3; ye. than those ofh.1baar yU2A~ -thanthe uZneeded check,
 
With ridgirg, 
noneat the herbicide treatments ;,ewtct.menta to v-aige as seen 

j &Uze 
On the plots weeded three times. 

The- zmost'Pwotabl -aplicton
rfwU1L3t.4, as 

at Mokwa. was 1 kg ai/ha ofa 'flOwablr' Liquid coortoe atlezingat 10.70/kg a± butb the cheapest fo..maatjq Thia is ouw.vIk3wettable powder is cc &*eOjift & the 01identltal,renult, 
on sale for U575/kg 'ai and can be expeoted to givewhen applied in very low'volume.to purchase more Thero i r reasonevyeasive herbicide formulations when atra drcan control the weed flora0, It is 'w.p'expected that mixtureeor mtolochlor will be neoessary where with 3&963Av_:e~a 
gsou
sedges are prese±in uplbnt s, or annual

sites. 

rrentrcmqeedation (Federal)
 
t 
kg al/ha nf atrazire pre-emergence in high volume. 

insr~ 

1 kg a1/ha of atrezir 


~ r~ rectmnn~ton 
pre-emergence in very low (10 Ltre/ha)vol e,

E~erinental series. 
H.ID/3/io. 
Weed control in sorghum.
 
Researcher, W. Bo Ndehi.The objective of the series was to identify the optimum dosage ofatrazine at Kano, Samaru arf Mokwa.
 

The Kano trial wai abandoned when aorghum failed to gemni ate
aqv atraziwe dosage. 
at
 

Herbicide - Atrazine (weltable powder 8%) at Is 2# 4 kg a/ha.3.tea - Saaru, 11okm,plot size ha and Y rn. 

Varicties
 
Samaru 
 -.Short aura
 
Kano . 
Mokwu 
 Fararara 

Kano Swnam MokwaTraotor ridge 
Baoot sp:lit- TraotorI~te 
ti,,:t Ez ridgeseSorghun planted
Dae4 


Herbicide appli3d pre-am 
10/6/6 26/5 11530/5 
 1/514/6Check treatmenta weeded 3015 13/5-Sorghum harvested 3/7 28/7

13/12 18/12 

http:groinYU.34
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I od o MTable .IW///l ci. nd on ild 

Treatment. Dosage - om 
kg aVa Sorg. Weed Sorg.. Weed 

grain eontiol grain coatrol 

1 24-2.5 M42 75 1264.6 124.7, 7 
Jtrazire 2 177.7 N24.o% 1326.0 253.7o 
Atrasire 4 52rA -112.52 1368.0 N250.60 
Weeded CHOCK 29.3 N-2..27 1390.8 N2%g.03
Unweeed. CHCK 168,3 - 11385 
so B. -t33.A 119.1q 

ken at Samaru where ahootfly and ctrdga attack reduced crop yieo d 
to crop failure levels the irput of up to 2 units of atr'ni;: was 
profitable . The increase in profitability frcm the second units of 
atrgsne ct Mokwa was very small and these results have to be rsoonsile& 
wI4h the rasults from the other sorghum oeeriment at Mokwa. 

The failure -to germinate at Kano and the higher yield at Mokwa may
indicate a deore-s e in sorghum tolerance to atrasins from Anoth to DDZtLh. 
Clay ontents aid herbicide residues were not recorded frcm the actual 
experimental sites so that zonal dosage relationship oanrwt yet ' developed. 

Rqeidoant HILWg/Vt. Cog~lo of rultr at 0n fa0 

Wej4 2b*2 nnOO 

Researcher, S. Lagoks 

Site: "okwa Research Station. 

Aitrial was tomducted on general weed oontrol in Sorghum (Tall Parafar),
All herbicides were applied ih very low volume (10 litres/ha) water,
usirg the Herbispray. All the herbicides exhibited some degree of weed 
control in both tillage treatments, 

Table A.II3/1idi. Grainyield and profitability of weed control 
practices in sorkhua at Mokwa. 1 6. 

VLV herbicide Sorghp grain yield kg/ha Weed 
dosages kg a /ha sown on control 

metolochlor 
sBimazira 

0.5 0 0 2766 N266.45 
0.5 0 0 2178 N 39.85 
1.0 0 0 1376 30 5.90 
1. 
0.5 

-0 
0 

0 
0 

6 
272 

19A0 

1.o 0 0 2201 N37.60 
1.5 0 0 1732 2201 1976 15.25 
0.25 
0.5 

0 
0 

0.25 
0.5 

2067 
2628 

131 
2128 

1690 
2378 

1" 7.90 
"0.30 

0.75 0 0.75 2012 1884 1948 1139.20 
0.2 0.3 0 2283 1976 2130 81.6o 
0.4 0.6 0 2718 1673 2196 187.30 
0.6 0.9 0 2891 1712 2302 401.00 
0.25 0.25 0 2294 2 36 2215 198.60 
0.5 0.5 0 2025 2493 2259 99.90 
0.75 0.75 0 2513 1897 2205 18i.60 
Hand weeding at 3 and 6 

weeks 
Hard weeding at 3, 6 and 

9 weeks 

2812 

24.94 

2132 

2461 

2472 

2478 

Mj.2 

N -63o.69 
Uzreeded 

Means 

1412 1957 
LSDt 777.85 t 77 .85

2269:1. 2039.9 

16% 
-550.30 

LSD - 479.74 
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Table 1tJ.1/tI di _ Show 
seto.LO6hlor gave hi 

that several of the herbidLd€ traatmentsyields of oorta±tsorghum.netohooIlor iLa i spriailg, becauseat higher dosage, has killed sorghumof aeedbe&. thne h.@hOst yield fr 
at Swuru. On both typeatrawne alone wanrade exoeeded ?o onesothe .metoloohlo, ooebinations but the profitabliy was5EflO o0de. of the 

The most profitable dosage of atrazine on the flat was 0.5 wheeason ridges it was 1 .0. The dLfference in dosage indlaton as compared
with t11e Zonal series was probably duecroP population reflected 

to a weaker weed challenge and highe:in the considerably higher yield frowexVperiment f-.M thisthe unmeeded CHECK treatments. 
Probably the most lmportant result of thisthat very eXperiment islow volume (10 litre'ha) the oozirmat.a plication Savo weed control whichw'as c6mparable with the high volume 250 ltre/athe xona- series. • ) aplication used in 

Exerimental series H.III/3/i e. -Veed. control in cotton, 

Researcher, W. B. Ndahi
The objactive of the series was to identify the optimum doseat Mka of diuronandSamaru. 

h-
Crop June aI _-dcotton 
Na-_bicid. Diuron. (80o w..) applied pre-.eergent in hh v ume at0, 1, 2 and 4 kg od/ha on prepared ridges. 
Plot size. . ha/45/ .5 

Seedbed preparatin ok TaocFae ot splitting Tractor ridges
Date.Cotton planted 2/22/6 29/6Dturon appliad pre-en 4/6 30/6Check treatments weeded 30/6 30/6

All plots weeded ... 1 28/9
Cotton pickig storied 
17/8


Table H.III/3/e - The fect of Herbio ide dosage on eed Cotton Yieldda 
-( /a In Pati:ally,Mecai'msedS ,so . 

_ oZtaTreatments. TG, 

Yield Weed Yield Weed 

Diuron i 

t 2 
kg t, 

o m360.6 
36"-

control 
rtha
N58.96 

-. , 

control 
roathaN352N32.11 

, 4hec 

W', lad check 
Urweded heak 381.4 

371.4471.3155.7 
N60.85 
14-8.63N23.71 

515.2 
317.5601 .3234.1 

N78.02 
N 7.6139.70 

It was impracti'0able to p.repareThis the site at Samare withinferior seedbed preparation was the probable cause a traor.of the lower yield
level at Samaru.
 

The Samar site was test cropped with millet inhas been n evidence 1977 and soof 3esd-ll toxicity frcn the 
far there 

It appears t at cultivation is 
2 kg ad/ha diuron dosage.importantbecause the residues from the 

for diepersing herbicide dosagessame diuron dosage are often hannfu to cropsin the hoe farming experimerts at Sduaru. 
The limited evidaorme frcm this series augusta that a higher dosagemay be optimum at Mokwa then at Samaru. 
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Sb.-prject, H /I,/2. Rerb;Aidst on :in&Ra©a Ieehq ed enOWAe. 
iaaearOhor, Wo Be 1Wahil 

MarV Mw otop production schemes do not possess t'rotor mounted sprayers 
or plentiful sullies of water for high volume spraying. Granilar formulations 
are not readi.y available and are also very expensive. 

This project compared local3y made m'xturea of heibioide with soil 
(herbisoil) andsuperphosphate (herbilife4) and 'very low volume' (VLV) 
application. The high volume standaxd was applied with conventional 
knapsack sprayers. 

Bxperiment H.III/3/2a. Herbicide application to maize* 

Objective 

To compare various methods of atrazine application to maize with the
 
objective of finding the bwt method for the partially meohanised system.
 

site - -Swaar (V2) 
Crop - Maize 096 

Herbicide - atrazine 8C% w.p. 

The atrazina was applied at 2 kg alha to every plot. 

Treatment 	 Descriction 

Pre-plant applintions of atrazine at 2 kx al/ha 

i. 	 Herbiliser in I at week of April. 
5. 	 Very low volume on 'stale seedbed' enrly May. 

Pre-emergent applications of atrazine at 2kg ai/hr. 

2. Herbilloer onsplit ridge pre-emergent. 
3 High volume on split ridge pre-emergent. 
4. 	 Very low volume on split ridge pre-emergent 
9. 	 Herbisoil on Llit rzdga pre-er-gent 

Checks without herbicide. 

6. 	 Weeded check on split ridges. 
7. 	 Urneefed check from ist week of April. 
8. 	 Unwoded check frcm planting. 

Table H.III/3/2bi. Maiie grain yield kg/ha from different methods of 
aPlication. 

Treatment Maize Weed 
Yield control 

- _refit/h 
1 .	 Herbiliser ppb April 0 
5. 	 VLV stale seedbed 0 
2. 	 Herbiliser pro-eam 500 N79.46 
9. 	 Herbisoil pro-em. 621 108.50 
3. 	 High volume pre-am 1151 N235.70 
4. 	 VLV pre-em 1333 N279.38 
6. 	 CHECK weeded on 5/7/76 1273 N202.35 
7. 	 Unweede2 check from April. 0 
8. 	 Urweeded check from planting. 121 -

No allowance was made for the costs of appyig herbicides by the 
different techniques. High volume is certainly more expensive then herbisoil. 
i'rbiliser and VLV are certainly the cheapest two methods but precise costs 
are not yet available. 
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The high volume method 

ridgq%gave 	
and the very low volume method, both on splitthe best results. Herbisoil r1so performed better than herbilizer on split ridges. The results also showz very 	clearly that withouthseedbed preparation, soil applied herbicides cannot be used without earLY
supplementary hoe weeding. The treatmexs with zerothat did 	 yield are treatmentr,not get seedbed preparatior.3 . The factperformed 	 that very low volumebetter than high volume will have a far reaching effect, sineevery 	low volume used approximately 17 litres per hectre as compared to350 litres per hectare of water.
 

Exqeriment H.I/3/2b 
 Co2Marison of methods of Myiwherbiciden 
in natiall cot on.S arumecanise 

This experlmGnt was 1ientical in layout and exeouti n with experiment
H.II3/2a on maize described ab e.
 
CEM. June sown 
cotton.
 
Herbicide 
 diuron 8to wttable powder applied at 2 kg a/ha in all
 
herbicidte treatments.
 

All clots were weeded once in September.
 
ResliIts:
 
Table H.llI/3/2bi Yield 
of seedcottonfr'iMhebicidea lioation treatmentg.
Treatment Description Yield &ha Weed 

control 
proft/-aI . Herbiliser ppb in April5. 	 0 -VLV on stale seedbed in M.y

Herbiliser pre-em on split ridge 
02. 	 

9. 	 223Herbisoil pre-em on 	 N 22.50split ridges3. 	 239 N 27.46High 	volume pre-er on split ridges 5274. 	 N116.74VLV pre-em on split ridges 602 M39.996. CHECX weeded on 8/7/76 11 N 5777. Unweeded check fro April 0 1 
8. 	 Unheeded check from aplanting 121 -


As in the maize experiment,

profitable 	 very low volume applicetion was morethan high volume whereas in spite of their, very low yieldsthe broadcast herbicide mixtures were 	 then hoeslightly more profitable
weeding.
 

The superior performanre of VLV 
 appli, ution comparedknapsack sprayer application makes 	
with high volume

it possi le to apply herbicidescrop 	 pzoduction schemoss at in a labour cost oi approximatelyThe machinery co-t 	 Ni .40/ha.is about 24 kobo/ha assuming thatafter 50 days 	 a sprayer is written-offof operation. (This is a very pessimistic estimate).very 	low volume sprayers are very simple 
Tk 

to use but require good supervision
to avoid over dosing.
 

It must be stressed that the 
results presented abovewith 	the ordinary wettable were obtainedpowder formulations
The 	 of diuron and atrazine.liquid 'flowable' formulations are more convenientis no evidence 	 to use but there 
80j'i 

that they give better weed control. The cheapestw.p. formulation of atrazine 	 availablecosts N5.7Vkg ai ex Kano, the 59 flowablefrom 	the same source costs N7.00/kg ai'
 
It is 
 proposed to recommef. the use of spinningsprayers as 	 disc very low volumesoon 	as theik mechanical efficiency and reliability havebeen 	confirmed by the Agricultural Engineering Department. 
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Sub-project H.Ifli3/3 Fullymechanised weed control
 

Res, erchers: J.E.A. Ogborn and Y.M.Tanko
 

A fully : i"a:ased system of weed control is ore in which tractisare used for- weed contru operations throughout the lifD of the crop. 
The major obicotive is 
to identify Qv'd transfer developed technology
from major meC.hcne30d groundnut p'od,,..ui 
 e.,s overseas. The researchcOmponent is verj small becouso 
.pprcpriate herbicides and application


methods are already identified.
 

Experimental sario. 
 H.JI:/3/3a. M-Ichanisation of groundnait multiplication
blocks. 

The cbjective of this investigation is 
to reduce or eliminate hoe
weeding in groundnut r,.utiplicatf.on blocks by a combination of mechanical

furrow cultivation and bordod h:rbicido.
 

The objective of the 1976 trials WOs to select a suitable dosage
of trifluralin for Knrno, 
Semaru ad !Mokwaand to develop the best methodof incorporation on the ridge '; h the Lilleston Rolling Cultivator. 
It "unn p,' zi.ie to coilout qunnnitative weed control or yielddata from the mutipliceticn blcuks but visual observations at Swiaruwhere the trifluralin =asincorporated with the small 'row-crop t rotorsshowed that rahes f 0,4, 0.6 and 0.8 units or a 15 cm band all gaveercellent oaily wocod control and needed very little supplemental hoei.until harve3t. There was pract.ally no herbicidal weed control atKano and Mo-.awhe,e the hnrbici e wa incorporated witih the main rotors.
This was animost certoinly due to the effect of the large rotors in mixing
the herbiciu3 
 intc the whole rid' e surface, giving in effect en application

overall. The situation is summarised in table H.IIl/3/2ai. 

In future ubseriation, tie .erbicide will either be banded and
inzorporated with tha r -,*:-,---n o-:oo71ternntively Incorporated overall
 at the api.ropricte Cosage per"tot!1 area. 
Table H.II//3ni. r:Lf'a-vlin h'r)1c '- -r- lant invor orated at Rano, 

n."],.
and 0 ao7.8a -

Centre. Banded dosages. Dosages total area. Weed control. 
Mon-a .08. .12, .!6 .08, .12, . 6 NilNano .0. Ji2, .16 .08, ,12, A16 Nil
Samaru 0.4, 0.6, o.8 .08, ..12, .16 All dosageseffective
 

Prohect H.III/4. Control of paramitic and other noxious weeds. 
This proje-t includes all the se waeed problems which present specialcontrol prob2 ms outside tha rang.: of general weed control,

Sub-project H.III . Control of S3tri hermonthica ,nd related 

spocios Wtreliar active herbicides. 

Researcher, J.E.A. Ogborn.
 

Experiment H.III/4/ a. Screering foliar active herbicides against Strira 
. he-monthica in sole crop sorghum. 

The final year of screening herbicides for selectivity against
Striga hermonthicr in sole crop sorghum had the objective of identifyingthe fastest acting -lective formulation. The oil adjuvant 'Sun lIE'was used at the optimIM concentration. The test crop was cultivar 1499ard the standc-'d treatment for comparison was the curren' recommendationfor crop mixtures:- .. L . ppi. oil adjuvant. 

Best Available Documenl
 

http:r,.utiplicatf.on
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2able I. .eed herbicvi fs' for sole croo sorwhum. 
Treatment killing- grin Striga killingNo. Herbicide os;ao %oil time in yield kill dose mgq/

ppa. adjuv. weeks t/ha 	 atriga 

S§Ueqrior fonnuLat ions
 
11 linuron 3200 20 1.2 (.04: 
 1.63 100 1,0.40'4 	 desmetryme 3200 20 1 .29 07 1 .49 00 	 %.645 	 de netzYne 61PO. 20 139( .0 	 9 1.29 98 12.M3 	 bromor nil 12800, P0 1 i+, .28 .1- 15 10) 27.7730 	 bromoVrdnl 320 0 1.63(.122) 2.56(.01 ) 10) 	 732 	 brioVrl 64.OO 20 1.67.. 23) 1 59 10 	 11. 05. 

1o 	 linuron 160) 20 1 .82 2.4,(.08) 10o 5.6112 	 ametryM 800 20 1 .9b 2.75( .CM) 93 2.591 	 br:ordil 3230 20 2J 8 1.78 100 17.60
 
oeo-	 ,;metrynerecommendation (means of ni
 

uat'im 80) 0.28 1.98 
 56 90' 2j 

Note. 	 The values in brackets ndioate the 1-tailed signifioance of the
diff.rences from the m.ns of the 'loeo-ametryne recommendaticno 
treatment. 

16 Mqrbicides in 30 formulationwwro compared with the stndard.3 her',icides gave detectably faster striga control without detectable
yield Lqas. The ilost ametryne formulation (treatmenc 
 12) did not killstriga 	faster but signifiarntly3-increasod-ain -icld. Mre._cmcan
formulations of aet-r,:re were 	

y 
not selective. 

Bromo.Vnil was selective at all dosages tested bu treatment 30
formulated without oil adjuvant had a lower killing dose and a largeand significant increase in grain yield. It is possible tLit a morecomcentrated.ormulation withcA adjuvant would kill faster but this
result (if confi rmed by largex' plot tests) would be 
 highly 	profitable. 

Treatments 11, 
4 and 5 	 were so active that they may be suitable formechanised application. Treatment 4 is obviously to be preferred to
treatmen 5. Desmetryne at 1600 + .28 
 oil adjuvant was ter+ed in 197'1
and gave better control than the standard (2.2 striga maturAty against
11% in the standard). The standard killing time was 
 3.03 weeks compared
with 1 .98 in 1976, nevertheless tQ enclle-t. ontral'C 1 on mosttreatments was undoubtedly partly due to 	the increased adjuvant content. 

Linuron has always been comparable to amstryne in its activity inscreening tests but the results from treatmenLs 11 and 10 	show that it
is selective at higher concentrations than ametryne and this may be a
decisive advcntage in sole crop sorghum.. I is unlikely that the
activity of linuron in treatment 11 can be improved upon by aro other
 
formulation or herbicide.
 

For IDFOLA application by small scale farmers, the higher selectijdty
of treatments 10 and 12 may be preferable in spite of the slower kill.
This can only be decided by an economic study of actual farmer operations.
 

Formulations of cyanazine, propanil, terbuthylazine, ohlorbromuron,paroquat. amitrol - T, bromphenocime, maleic hydrazide, metoxeron, 2, 4-D,atrazine and fluorodifen were also tested but Um were deteotab3y
superior to the ametryne standard. 

Current recommendation (all crops and mixtures).
.Ametryne at BOO ppm + 0.285% SUN 11E oil adjuvant applied with an iatermi

ttent 'Pistolgrip' sprayer.. 
Proposednewrecommendation (sole crop sorghum only)

Linuron 	at 3200 ppm + 2M oil adjuvant or desmetryne at 3200 ppm +2%/ oil 	adjuvant oz bromo.Vnil at 3200 ppm. All these materials can beused ar'cording to local availability and price. 

http:2.4,(.08
http:2.56(.01
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Eqperimenb H.IIT/4/lb. Screening foliar active herbicides against
Strige hernonthica inmixed crops. 

Two potential 1IAYLA herbicide formulations alrea proven in solecM , sorghum for their foliar activity against striga were soreed inmijmd crops in 1976. The screening nf potential IDFOLA herbicides willbe completed and reviewed at the end. f the 1977 seaaon. The resultsfor 1976 are given in t~blv 4bl.. 
"Taba.4b-.K va
 

Treaftent 
 Survival Striga Mature KiUlrgNo.. herbicide dosage % oil period death striga dose mg aL/
ppm adj. weeks % % Striga
 

a ametryn 800 .28 
 1.51 9.6 0 3.172 cyanazine 800 .28 1 37 100.0 0 2.883 propanil 800 .23 2.15 78,2 8,2 6.4No IDPOLA CHECK 3.92 24.2 26.5 .1 
The data .---

_ aa *dwcovers 
_-

the last elght weeks of strga emrgence11/10 ormards when striga was maturing, Damage by grarAng 
forin 

animalsaffected the crop yields and delayed the statical anais of the dat4,Nevertheless, the unacjusted strita data indicate that oyanasine wassomewhat more active than the recommended ametryne formulation wheroaa
propanil failed to completely prevent striga seed production. If
cyanazine is found to be tolerated by crops in mixture, it will be p opodas an alternative recommended herbicide. 

_C=ent recommendation 
Ametrybe at 800 ppm + 0.2EZ SUN 11E oil adjuvant applied mithon intermittent 'Pistolgrip' sprayer. 

Sub-projeot H.IV/4/2 Integrated ptriga control n mixed croDp 

Researcher, J.E.A. Ogborn. 

The objective of this project is to determine the optimum comhiationof proven striga control techniques which can be used by small sca'lefarmers in etch ec-logiccl zone. 
Possible techniques irclude:1. Intermittent directed foliar application (IDFOLA) of herbicides 

to kill striga.

2. Striga resistant cultivars.

3. The use of 'trap crops' (immune hosts)4. The use of 'catch crops' (susceptible crops which are destroyedor harvested before striga can produce seed).5. %rced germination of striga by soil application of ethylene

or strign germinators.
6. Rotation of striga support crops.

7. High levels of fertiliser Zdtrogen. 

The most efleetive combination will depend on the climate and far.mingsystem of each ecological zone. It ha, riot so far been pos-ible to mekedetailed observations outside Ssmaru. 

Experiment H.IIJ/4/2a The interaction of sorLhum variatal resistance with
placed fertliaer nitrogen and IDFOLA herbicides 
in mixed crop3. 

This was the first season in which a resistant striga variety wnsavailable for agronomic testing d n..c mi-A's.
 
The experiment compared 
 the toleran variety SK 5912 with theresistant variety 187. These varieties tre genetically related 

new 
similar in arehabit of growth. Both varieties respond to high levels 

and 
ofplaced fertiliser nitrogen when widely spaced in a crop mixture. Theywere sown as 3 square matrix at 4306 stands/ha in miiad crops. 
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A cCmparison of rirogon. levels imposed factoriallyezRerimer.t. 	 was on the wholrTable H.II/4/iai shows the effect of these twothe absence 	 fators itiof IDFLA herbicide control,was very low dvxinM this 

The total striga emergence
season because of the prolonged 
humid period. 
The firct mature striga plant w.s observed on 11/1 /76emergence data ic 	 and thethe :Mvidod into trio pariods. 

The resistant variety consistently supportedin both periods. 	 a lower striga euargWere 
the short 

High fai biliser nitrogn reduced striga emergence onKaura by 37 (P = .0) and 33 (P .%0) -In the earlier andlater periods respectively. Nirogen levels did ,oton Variety 187 affect early emergemabut did reduce the later emergence by 41 (non -srignifit). 

Table 42ai . Fffeat of varietal :"sistance ard plpoed fertiliser nitrogen
cnT .',.':-~n Ind i1eld of arghum in a crop mixture
 

Variety 
 SK SK 187 187
Placed N k&/hc 125 

Striga emergence
10 00s/ha 23/8

SIB. 
- 4/10 4.40 	 2.76 0.99 0.99
-k.5L'
 

Mature ztria 
 2,94 1 .00 0.43 ' 0.29 
Grain yricid ka/ha 158 	 20489 326 

S.E. + 42.9 

Varietal resistance and Ligh nitrogen both reducedbut it must be ozphasibed that 	
striga seed productioneven 290 striga/ha aremaintain damaginga infestation. 	 quite enough toThey contain approtimately 72 million seed! 

Variety 1 7 cavm therefore be toured eradicatevigorcus phyl-,a:nitation tr 	
otriga without 

tr-rve,nt bebrrg rtpened. The mainadvantage of this tariety is that the supplementa controlis so 	 off Q't neededsmall, (10% of that required for the SK 25 treatment). 
Variety 1 87 -lAo gave a prefitablB respons to high nitrogen whereasShort Kaura y:L;lds were 	 depresmad, The exact reasonsyet clear but- the 	 for this are notresult emplasis)s the merit of veriety 187 as a componentof crop miyt'xes. 

effuct of additionalThe 	 fer iliser nitrogen was broadlyin 	 similarits effects to l'enoticel resistance. Neitherstrign 	 technique eIiminatedseed production when IDFOL,
amount 	 was not used but both reduced theof I. DFCLA appliod to elim:nate striga seed production.indications 	 Thefrcm this first season therefore are that resistant varietiesshould be used v;hen available but that additional N is an effectiveway of reducirg emergence in tolerant varieties to levels which can becontrolled by IDFOIo. 
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everi ental er1Les 1..TW 4/2b, tc.ti'an of str'ig stallp OWgp 

IV mixend acppirg without oha 

This eohngqua of stri..a control v- cOoived when it was observedhat' at Samaru, sorghum was the only susoeptible crop to support theplqduction of .triga hermonthic seed. The other susceptible cropsmilet, maize and upland rice all being harvested earlier thaa the noxmalda~e of. stzr a seed production in mixed crops. 

Table 1. .ates of at~n seed1,Oduction nd.cro harvests. 

Millet harvest../ 25/8
Maize harvest 
 9/10 7/10Rice 	harvest 
 9/10 12/10 

Striga sed Ist riperzd 11/10 18/10 
Sorghum harvest 
 11/12 27/12 

ThisA.mplies that ariy striga parasitising these three crupsautomaticanly kil .ed when the host becomes seraacent at harvest. 
is 

Mont of the other crops growing in the traditional hoe farmers crop
mixtures (grloundrrits, oowpeas._yams ct0) 	 have been reported to be 1i4-uhosts' of S hermonthica, that is, they produce root exudates which
zerinat64he striga seed but are not parasitised themelves.
 
The treditiorl crop mixture 
WiL.:±out sorghum therecore combines thetwo Droven mett.ods of "' c'--- sucn.4%11 used inlarge scale farms in Af'ica before tte introduction of herbicides.These %ere 'catch-croppL-Z' with susceptible host crops and 'trep-orpping'

with 	imuna host ue'.;ps.
 
Norman (1972 ) found that 22 
 of the total cropped area nearZaria was sorghum while 6, wasr-iawn as sole crop sorghum.

If all the sorghum -;wra to 'Lo grown 
as sole crop and rotated roundthe total cropped area, there would be an approximate five 	phase rotation.Four 	phases of mixed cropping would actively reduce the striga seedpopu3ation in the soil whilo only on'i.phase (sole crop sorghum) would beable to support striga seed produo-tion. Striga control in sole ,cropsorghum is much 	easier than in mi:nture and reed be applied in only onefifth of the total cropped area.
 
A pilot scale observation on 8 	acres of farmers landt;s.started in 	 at Doka village1975. Two feamers undertook to grow all their sorghumin solo crop. 
 Six acres of mixee crops without sorghum and two acres of
sole 	 crop sorghum ware grown. Th3of 20 	 sole crop sorghum received one cwrt- 10. - 10 fertiliser par anre 	of mixed crops. The resulting ratesof' fertiliser nitrogen I0 and 50 kW/ha respectively produced veryvigorous growth of sorghum which 7irtually confined the effectiveemergence of the s&-ga to the c.op margins. NostriA at 	 all emergedin the six acres of'mixed crops.
 
Shortage of staff prevented the recording of crop yields or thecounting of the striga emerging in the s,le crop sorghum. 
Shortage of
staff prevented the continuation of the projeot in 1976. 

BeAvailable Document 
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This Oe year obaezvgtion on ftarra land ooiiamed that atrega did
.Wt produoe se8 in the abseme of s9r0gi and thet stra e'ercene Wam

*uoh reduced in the solo crop sorh,-. *.3trigo emergere in the. zmWal
mixed rops adjaoent to the trial area was con iouous and plentiful. 

A426ll plot observation was also started at Swiaru to obtain sm
acOurate quantitAtve infbimation about t. effet of 6Fo.i 
without- sergam on susoaptible orop yida., A set of =To sppre plotsadjacent to the 'Sbriga control in mijd crops e -e,'inewit'was laiddown to a fOtmal five year rovation rvth am plot of sole or . so;h&im


,bei.rg grown eaoli.year. ;The- adjacent 1'.-stzda oolti ,i' eheo ploa -in
 
the mixed crops, ezprime!nt. were. used. for' Ocqa1aon The effeots c~a
 

_triga are presented 2.
emergence in Table 

Stria eradication rotation Traditial cereal iitlr_. 

Sole crop, 1.10 tolerant resistr 
sorghum sorgbsu sr~bum sorhu 

Stria mrenare ha,1915 apaon (lOQ00/a/). 

Jt-_ropped ha. 12,70 .09
 
Per rotation ha., .
 

Uaturestr~g1.72 23 seasonMature strigo o72 -

Per oropped ha. J .51 0 _
 
per rotation ha. 0.'I0 10,12 ,2
 
mate stria 0.13 .2 __,,Oq
 
Xg-/ha of sorg. 31 .2 - 6.2 
 6.2
 
_].WIia of rotation 6.2 6.2 6.,2. 

The replication of the observation is too limited for preoide

statistical aralysis and rotation effects are confounded with seasonal

variation but the charges observed appear to be'too large to be due 
to

oh- en.In both seasons the total striga emergence was loss on theeradication rotation plots. while in 1976, emergenae decreased Vy 8% on these plots and aotual~y inc b an s~ere of 2 (in spite of 
the introduction of a reoistant sorghe)on the sorghum mixture 
plots. 

In 1976, the resistant variety, reduce emergenre by 40C while1 year of mixed cropping without sorghum reduced emergence In the tolerarvariety 1: 9V, It would appear that MCWS is a potent means of reftiq
atriga int'etation.
 

This is confinned by 
an examination of the susceptible crop grain
yields. The effect of sole croppirg on sorghum is m , aastdirect
effect of improved oompetitionM' light. The effeots.cn grain yield 
are presented in Table 3. 
Tabl8a2b3 Grain Yields of solo oroc veraw _mid. s h nt 

an- aresen 22oft - 6.b JhaL 
Striga eradication fraditioml ereal mixtur 
rotatlon,sole roc_ tolezent resistant 

Per cropped ha. 670 103Per rotation ha. t l t03 -
,Pr_:tJ2 & 01 Imn i 

&uwhnm yield, 1976 
Per oropped ha 1561 114 126

Per rotation ha. 312 11% 126
 

http:effeots.cn
http:str~g1.72
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In both 80~,b* aUSIM± sola "oda plot cabwold theof ftie pltso at o rim awg .intt 


The. effects on the millet, maiA* ard.v~latM rice can be atributedto charg~es in the'strigci.UfastLtion oaua4..br xmmozi~ a'

rzwral of competiti.on from. the 3orgtLI6 
 .yield, obrkdmdt after: ameserso of 	MC1S, are presorted in Table 4M. ,
 

Sturia erAcdiation rotatiz"1 

.. lMOl After Mean,-

Mais Xvel&a erR oromad ha.
 
.
82 U(.oo)28.%(.000) 

Ucla2uDrieYi lds ner rocdga hc. 

i2a
a (.6) 1oft(.cep) 	 452 
=Ailet Y181d tRIL2=2~d hal.

1632 940(.155) 1tt1(.192) i1T
 

Notes i.,	All yields in th:i rotation a;.e adjusted for the smaller
proportion of mixel orTI in this rotation I' multIV &y
IV 0.8... 

2. Vdlues in 	blooketa "ndigiate the exaot .3tatiatical 
signzfioanoe of the difference frcm tho aorgh

mixture yieZ ,. 

the effect was to increase maize yielda Igbly sigiiifiarbiy 17,6(%, to increasc rice yields aignificatly V i39 while i04.1t yie.t,
 
r'Opped ei u oni
non-sigdfiontly 

This result o9nfira previouoj obserratios that paise can btseverely demaged Ir stIgn at 	Saaru while millet isAappawnty notattaoked at all* The nice of the .response, is t pala rice In surprULzMbecause rice.has nevon before been obsftveZ to be .deaged at Samnau.Part of tho effect may be due to the zumoval of ompeiton frce the 
scrghbn. 

The potential value of this technique of striza eradicationcannot Ije 	douVed beoeuse. it involves the minimim of charges in thetraditiolal mind orping practices and involvesM aQ ttional irpute. 

The a iiwhere it can bs suas l:y practiced# deped onu- .....extent of the area where eorg m is the only striga support crop. Mileti,maiim an rice havo all been observed to support atri A .see productionin the Sudan son while there are reports that maiz. and upland ricemay do so 	in seasons of bimodal rainfall in 'the southern Winea some 

Reference. Norman, D,W. (1'972) Samaru Misc. Paper, 3.o 

http:competiti.on


&ub-project1611/3 Aradioation of Iupereta W2indzioa with berhtoide 

Researcher, S.; Ligok. 
bp:,i"enta,. aeri,+-. .III/4/.3.- .,.+.Comzol or -Jie ta i the wt 

Most herioideas Like asulim Vn gyphosate were less effective on
Im +etoain .the wet season tktcn in the dy seasoa Dlnon was qu4ta
effective in the wet season. Ttrqion dl 
 not sem. to have potenptil

for IMrorta control when imabtigated in the wet mason,
 

D3P-ATA C2MY TR0w RmALP
 
Site: *ine.
 

This trial was conducted in the wet season. Dal pon treatmentwere either applied once, aplit, followed by parequat applioation, orwith additional wetter (Ref. Table 43a). Seond applioations were doneat two weeks later. All sprtyigs were don, -in 300 litves of water per

hectare.
 
Results show the degree of ±2perata control based on visqal scores at
20 weeks after the first application. 
 All the herbicide treatmentseffectively 
97% 

reduced the imperate regrowth scoro, givirg between 72 andpporcta control. Sing:Le cpplication ct dalepon at 10 and 15 lcg al/bacaused leas imperata control than dalapon at 7*5 kg aes probably beoouwof Inobilization due to neorosis caused by the high oonoentration ofsolution. However, split-applicatioa of these rtes of dalapon considerablyimproved their activity on imperata tar 1%and 1% respeotively. There was ro advantage in rplit-cppying the hleat rate of dalapon. WhenSsplit-applied, 10 kg aj/ha dalapon (5 + 5) was as effective an a singleapplication (of 20 kga/hr_ dalapon). Additional wetter enhancedactivities of higher rates theof dalapon i.e. (7.5, 10 and 15) osiderably.This enhanoenent inreased with rates. Pollow-up- application of parequatdid rot increase the activities of 5 and 7.5 rg a/ha dalapon. 

Fu'ther investigation to confirm the effective ratm oan differentstages of ioperata will be carried out in 1977.
 
Thble 4.3a# The use 
of dalapon to control tmerata in the wet aeas"o , 

Herbicide losago-IkGi/hb 19 gogtrol
Dalapon at 5.0 . + 0*%Wetter 78 
Dalapon at 7.5 + Oo Wetter 9.
 
Dalapon at 10.0 
 + 0* Wetter 90 
Dalspon at 15.0 + 0. Weteor 80 
Palon at 20.0 + 0.% Wetter 

Dalapon at a5+5 + 0.O$ ettor 97 
Dalapon at a7.57.5 + 0,4 Wettew 95 

a 10+10on + 0.2%Wetter 960+ 
Dalapon at 540.2 Wetter + paraquat at 0.5 80 
Delepon at 7.540.Z Wetter + paraquat at 0.5 72 
Dalapon at 5 + O4%Wetter 85 
Dalqpon at 7.5 + 04 Wetter 88 
Dalapon at 10 + 04 Wetter 83 
Dalpon at 15 + O etter 
CmsK(n herbicide) 

53 

0 

a. Split applicrtion. 



84~. 

Cbumnoal Conttol of 1epatn with t2rMA 
Tetrepion was applied at tho fetes cf 4 and 6 kg ae/ha in Very,..l


volne (20 litres or water) or Lolubiliued and applied in oil, while
4, 6 and 8 kg Ai were applied in 300 litres of water per hectare. .plit-tionwas made on dence Imperata covez o Even at 9 weeks after 'appliation On.ytetrapion at 8 kRg a 
none 

per hectare affeoted about 6, seonohirg. Whileof the other treatments caused ,more than 2C% sconrcbir, Within 11weeks after application vigerous regrowth had started on the plots treatedwith 8 kg qa/ha. 

Further work on the use of tetrapion will be discontinued since it
does not eppear potent 'or imperata control.
 

lxperimental aeries H.ILI/4/3b. Cher..cal control o Dpereta-diy season 

Impereta control with 'dsulm 

Site: Mokwe ReseaerohStation.
 
As a prm Delz investigation, asul- applied in
was two differentvolumes (00(Hv) ard,1O(v ) litre/ie at rates 4 to 8 k# al/ha with orwithout additionalwer or in solution of pH 9.2 or amonim sulphate.Application was dom on January 28th, 1976. esults on shoot weightImperto at 17 weeks, after apryirg are 

of 
shown in table 43b1 

The activity of asulm at 6 kg oalha in VLV was ezmanced by additionaletter (0.2) to cause a reduction in the means of all m.in treatments.This erhnnement mainly occurred on the plots slashed at 3 weeks and those not slashed after sprayirg. 3J,ht ipprovemenb wastv additioxvil wetter also causedon the plots slashed at 2 weeks after sprtying.The activity of 4 kg al/ha asulan was also slightly improved by thisadditional wetter in all the Odn treatments.
 

Solubilization also imroved the 
effioieny of asulasimperate. This was most against.obvious on the plots slashed'at 2 weeks afterraprayig where rapid abscrption waa a majrtator in daterminUM thefinenaffect of the chemicalo Solubilized asulam was oren more effecttvethan VLV Squeous asulwM plus addItional
2 weeks wetter on the plots slashed atafter apreyigo There was no advantage in appZying a higher rate(8kg) of asulan in this experiment. This irr3etigation, still continues, 



__________________ 

Table 43b1. M-fect of different volumes of application and dd1tives on the activity of asulam 6n imorata 
I~~ewata g ti	att mirduclian t 17 jegkh afUr--mMravfmk. Ire/h 

13 TPbs -. A -. AT 

4 A A iT J I2 weekB 	 3 weeks unslashedima 

wbwi. Nt sig. wt aig. Wt wg 
ag /ay759 1026 741 .114 8366 kj myh HV m 466.0 
 64.A 456 .018 521.6 kg ai VLV aqueous 	 740 1155 997 	 9494 kg ai VW aqueoo 637 .158 8.6 6-6 .074 ?W .003.6kg ai VIV aVuous Ph 9.2 505 	 .072 658 .150 63 0.86 611 0.38kg ai 'IN aqueous Ph 9.2 	 809 334 	 C012 1020 65 8 .057 

6kg ai6 VIN O~e,le. 168 	 CDI1 334 .01 2 823 .160 366 .0024kg ai VLV 011 596 	 . 27 795 5X .051 656 .0566 kg ai + 0.2% CIfl Wetter VLV aqueous 3.5 .017 191 .001 238 .001 251 .0004kg ai 4 0.2% CI Wottor VLV aqueous 856 179 .001 618 .059 466 .0036 kg i + 0.2 CIBA Wetter HV aqueous 1305 1289 1259 1283
6 kg al . (zQ)2 S0 at Ik&ha HiV 4-6 .062. ,473 -%07 
 619 .060 522 .01615k ;1/haHV 20+ 	 .002 355 .0157 253 .002 26+ .000
CHBCK 1016 10 1299 	 1120

NIMA 563 570 
 663 

The statistoal (1-tailed) s i nicance of the differences between theforulation meons and the CHNCK is shown where appropriate. 
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Effect of Solventsp Volumes of application and additives on 
the aotivit
 
of asulam of Imperata. 

Asulam was applied in we .er at high volume (300 litra/ha) and velow volume (10 L.tre/ha) of water with different eitr. additivos, andalso solubilized usi-g oitLr S3,yoa,.ne cr g'lycerol monoleate and appliedin either very low volume diesel or sun 11B oil (Table 43b2). 

At four weeks after opplication with extra additives and2 4%j, highvolume application effected better scorching of impereta foliage thanVLV application. This wau most pronouruod with the use of Adhes6l at1$ of "he sprqy aoltion. . Ag-el VlW applied with14%additive was more effective than 4 additive. Solubilized aoulum VLVvaj only dcomparble to the former when glycerine was used as the solubiliserIrrespective of the oil used. The use of glycerol morn1eate-resulted
in lower activity. At 9 weeks nfter spraying, imperata green regrowth
score dId not deviate much 
frciu the observed scorching effect of thetreatment on iperate. 
Results on the effects of these treatments on
imperta dj matter production are still beig complod. 

Table 43b2. 
Effect of volumen, solvents ofapplication apd additivev* 
on the,gotivity of asulam on lmerata 

Scorching % %Control of 

Aoul8a +.24 Agral liV (aqueous) 100 100
Asulem + 4 Agral VIW (aqueous) 
 60 73Asulcm 6'kg + 4% Agral HV (aque;us) 100 
 97Amulam 6 kg +4. Agral VDI (aquous) 80 80
Asulem 6 kg 2 Adhesol HV (aqueous) 100 100
Aaulam 6 kg 4 Adhesol VLV aquaous) 
 70 83
AMulam 6 kg Wo Adhesol VLV aqueous) 95 97
Aaulam 6 kg 4% Adheaol VIN aqueous) 
 70 73Asulam 6 kg solubilized () d.iev'el) V'.W 60 83
Asulam 6 kg solubilized (b) diesel) VLV 
 85 93.
Asulam 6 kg solubilized (a) Sun I IE)VLV 65 70.isulhm 6 kg solubilized (b) Sun IIE)VLV 80 93
Asulm 6 kg in Diesel VLV 55 60Asulm 6 kg in Sun 11E VLV 75 80
Asulam 8kg in water hW 70 73CHECK 'urwprayed) 0 0 

Experimental series H.II4/3o. Chemical control ofi=2ratawith glvnhoat-
Site: MUkwa Research Station. 

This trial wo's started on 81h February, 1976 and terminated8th June, 1976. Glyphosate at rites 0.5 
on 

and 0.75 per hectare
either.applied in 

were 
30Caor IOLi=fwater per hectare with or withoutadditional wettdr, in solutiona' of ammonium sulphate Ph 9.2; Glyphosatewas also applied at i kg ai/ho in 300 L per'heotare, fox comarison, 

http:S3,yoa,.ne


Wle W . -. .t oatma Im a t i, v ft)ti na 7 

-1 NNC U N a T 

"~g wegh 

3 et M aiwMMYSI In'1week after -meant~I 

ft q-547203-IG 4kbhd&H7Wz 85010 - 1143 '796 *.001 .001*065 ~..229 903 .0.0 2815.1o _9 1278 .0 
G; hosate 0.5 kg in, 647 .02547 121.8 .0 6 2 1 007G(hzt 0.752 kg + LM6' A3 1865 .au 2081 ..O7m;y~hosat~e 0,.5 kg + ":4-;*.67 .009 1 (̂2 15 (Cm 1240 0001 

G•ypho 936 005 1 055 .^ 9 1 82 007 053 .000 
lGlhosate 0 .5k+ " " "552 .023 870 .024. 2217 .081 1441 .003 

-. GlPhosat, 0.75 k gVV 10. .(D4 281 .O 1071 .005 679 .000G~'phOfto 0.5 kgW 101 026GLphozate 0.75 kg 621 ..00 2215G3vyphoate ksg H .081 37 .002G: Thoaate 0.50.5 k inin H9.2V9.2 Vh 158+ 1580 .000+, .025 335". 1n 00 975 -'- 775-45S•L .0. Y_oM43 037 ...001 11-6 494 .000 ae 0.75 + o.;-
639 cp7 696 001,ph ODI 15 .000529G~h.5at . . etrV~ .0005. .000 519 -0D3 1460 -.0171266 .000 741 .000Glphosatl 0.5 + . 32 .266 .000
CHECK (m bebic) n.320 ,o 323 .000232 .00. 
 321 .000 .
NeaM.(aU.erbl fUtIoQz,. . , 7 

495(4 - 3678 
9 191 676 . 1192 -

The statitial (1-tai3ed' igrdficanoe of the differonoes between treatmentmneans ard tbef CIEC, is shown where appropriate.) 



Table 43o1 oontains date on -ferata d -matter profuotlon 17 weeks later.Imperate dry matter produotion woe affeoted by the time of poet mprfywishoot removal but exaelAt te.porate vontrol waso'btaimed with the bastVILf-fozmulatione even without slishing. Very lowvolume.(1O.utwejha)appljoatio enhAnced the activity-of glyphoaphato opeoia*l when additioialwtt~r (a *jtalof 04W) was used with the 0.5 and 0.75 kg* a/ha glyphosate 

''eareatmants caused lower imperata dry matter.production thangJaphosate at 1 k ni per hectare applied in 300 litres of water.enhLr#ement i of the activity of 0475 
SlIght

kg l/ha gJyphosate in 10 litre
 
ws cbsaervedl wfipen ipplied.Ur 
 pH 9.e2.
 

01fcof foimultion, volume 
 of ERIic ton adn3Lg- tiaes on the 

" ; The enhanced effect of V37 applicationof 0.75 kg :/h. gLyphosato observed in the dry 
on the aotitity

eaon preolinary trial was mb rep~lbiad in this trial. SolubLization extradid rot enhance the activity of arV of the 
wtter. or !ammoniumthree rotea used.- It wasobserved tiit- 1: kg al/ha gnphosete could not be suoeesaftlly appl±odin VIfT even with extra wetter. The application of 'his rate ' n
300 litrea of water per hectare, was as .effertive at 4 kg al/ha.
Within 7 weeks of applicetjion, the ma m~dzn cohtrol observed in thistrial-had declined to 4%.
 

Tuble: 43o2. Effect of Fokye;ton Volume of aniton
I ndaditives'onthe ti 

Solubilized gIyjhoaate, bo. 5 cVLV,
Solubilize 'glyphosate 6.75 VLV
Solubilsed g.~Jphosate 1.0 °VLV
Glyphosate nqueoua 
Glyphosate aqueous 
Glyphoste iqueous 
Glyphosate * E5V 

,. 
*hrl 

Glyphosate + 2iAgral
Glyphoaate + Z " 

Glyphosate + (&) 2Sq4 

" 
Glyphosate Oquous) 

... 

'U 

0.5 VLV 
0.75 VLV 
1 .0 VLV 

0.75 VLV 
1 .0 VLV 
0.5 VLV 
0.75 VLV 

0 VVm 
0 .5 dHV 

.0.75 1v 
i.0 HW 

20 HV 
4.01W 


t ofi v holate-onIMertR. 

Soorchir6 % %Control of.
At 5 weeki- -.S. Green regrowth
 

50.0 25 
67.5 40 
65.0 30 
70.0 25: 
75.0 35 
75,0 45!
70.0 45 
77.5 30 
75.0 
 40
 
57.5 35
67.5 40. 
'60.0 30 
65.0 35 
60.0 40
 
92.5 30 
90.0 1:92.5 4.5 

a = Conercial solubilized g yphosate 
.b =Yga/ha . 

o 
 Vey; low volume(2r/) 
d: High volule (300 I/ha) 

A.S. = After spraying 

http:ipplied.Ur
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Sub-project H.III/4/4 of Inn Lrdctora11narigg IMcultIvatic 
Experiment H.IIIi/4a Effect of cultivation on impe1p with standard 

tractor equipment. 
This tr!a! was conducted

Cultivationi uning disc 
at Mokv.a Research Station,. The first pzn.. 


were done on 12/1/76, 
- -Z l phovugh on two d.....o.it str 

28/5/76. It was 
while the second primary cultivation weri done oronly possible to use the disc and chisel ploughs in thefirst dry season cultivation because the soil wasthe penotration of other implements 

too hard to allow for
and" there wer norqtavator blades. new wPare.

An effective one furrow discby mmuoving plough was qbtaithe tro rear discs from a standard 3modification ffrow machine.. Thiswas oseontial to obtain the necessary 25 cm (10") plough
depthe. 

The txee-ments were aelf-ae'ining in that the seoondaiy oultivationswere applied as nocessrry  at 5% imperat shoot regrowth. 

The results on iwperata regrowth qnd cultivation requirements ar,shown in table 44a. 

Table "a. CUti on reiar ents for otL. .f ":erata 
Tet-ment S!R2I)lementtcC cultivatio dAna Imperata dy mattw 

Dr season Priqalv cultiv ton qn I2/1/76 

Disc. plough None 491 .000Chisel plcugh 28/5/76, 4/8/76 
 893 
 .013 
Earlywet on 
 priprc rwiltivfonon 28/5/76

Disc plough 
 3//76
Chisel plough 570 01I4//76 70 .00Rotavator 


2"8..000Underbuster 27/1 9/76 278 .000
 
No cultivt4(-

CHECK 


1858 -

The stntistical (1-tailed) aignificanoe of the differences between
the cultivation mean weed weights and the 'no-cultivation, CHECK isshown under the column laig.'.
 

The best imperata suppression obtainswasplotghing where with dry season disc
 
In the early 

only 26o regrowth occurred during the following season.
wet season, these plots vore infested with Clgwhich was vsoAsucceeded by Pennisotu.g p2i2elattI at the end of the rainse 
Disc ploughing was less sucoesful in

d4 the wet sez-son and needed to bezo harrowed before the end of be rains. 

Chisel ploughing was less efective in both seasons# probably
because the model UsecO (an MF 
 25) could not penetrate effectively tothe required depth under the ooriticbs of the trial. 
The results of this first etective cultivation expeLiimentp~vvious observations confixmby Ogborn and Lashilola at Zuru and Mokwa that asingle dry season ploughing will 4radicate vegetative Imparata@appearance of an annual weed cover The
 

confirms that the iferatawas actualy eradicated. The regrowth which eventually occurred was
almost certainly a reinvn!Ton of aeedling imperat.easi3y cortrolled by normal general weed control 
This reinvasion is 

IdurIr cropping. 
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Nones 

I *Dervedforstsavanna zone 
oratp~ newor"at 6o cm herodatimperate growth (whichever earliest;) lid10 kgW ai 0is 1teh ~ s:ix weeksin Aprilbeft"v 

OrOPPi7g with Poreals. 
2. Sote-MMfe avnazn0.75 - 1.0 kg /ha of glyphosate applied inafter 20 itre/hn in Janua-ybvnirg prior to -nonal wot season croppirg. (suitable for smallinfested areas) 

3. South.n Buine a..qaani- and derived forst sAvann-. 
Cultivation with a diso plough to a d2bh of 25 cm before Februaryprior %t normal wet season oroppi ". 
RePoaemndationi and 3 may ba oombined if desired. 
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Projeot -LI 5. Weed Contzc.l in Irriated Ameos,
 

&ab-Proj~ot. tSe2oti e weed .-ontrol.in crapa's"~
 

Oclg To identif~y sitable herbioid( and doaeg rcxi. selsotivewood. ooibro1 -in crop a grewa inii gati4 arei5, in bdtV
the wet and dry seasons. 

• 1 1973
 
kRe hea A.H. Choudhary
 

_rt(197 - 717 o~

H.n/5/1 a. 
 aect o. herbUicides onshe oL2rdo ot Ieed'inmaize (jt a-oonl 

Alaohlor plus atrazim, butylate plus atrazine and atraeizi aloiwere tested at different rats at Samaru, Kadawa and bVe. The results are given in table 51 al. 
-amarm site was infested with Cyporus rotundus apart frcm annrMi
grasses and sedges. There 
were few broad leaved weeds. Here butylat%plus atrazine at 4°5 + 1 .5 or 6 + 2 k/ha and alachlor'plus atrasin at3 + 1 .5 kg/ha proved better treatments oausir a signlnoant reduotion
in-the growth of C. rotundu: as well 
as other weeds with a oonsequeiincrease in the total dry matter and grain yield of mA.e, B]-t lateplus atrazirn at 3 + i kJg/ha gave a slightly inferior weed oontrol while
alachlor plus atrazine 
 at 2 + I k/ha as rll as both rates of atraine were not effective on C. retundu . 

.All rates- of herbicides are in kg (active) per hecta-e. 

Terminology Used: 
Pro-e. (Pro.-mergence) After sowing but before' crop emergence. 

Post-em, (Post .emergenre) Ifter crop emergence. 
PPI: (Pre-plantl incorporated) Before sowing and inoorpbrati g in the soil. 

.PPWP (pro-plant on wetsd foliage) On the foliage of weeds. before sodng the o. 



Grain 

. ~ .. . ... ] afl D . .. . 

" o Tiff Cover. rifGroin_ Cover raI 

-L.1 

2.- -S3ix i 6*32 od 5ML ' ,572 ab 0,88 a 6799 a 1U796 a 2.0 b 3310 

705,:a 51 5-4. e i a' 0.75 a 6625 a 13701 ab 2.3 b 3858 

1 , b 1319 bo 56 93 3 b 3.12 630ab 1n294o 6.5 cd 281§0 
t,3 502 .93, A 3J2!a 36ac 39 

: -1.5 pei -b tsC 5, 2 10814. a 0.88 a 6634. a 11417 ab 6.o od 2731 

V- 1 566 a C0 a 5278 a ll0a 0.62 a 6505 ab 13153 abc 4-5 a 3+58 

*4- 26,2V, !J. 7 b 7473 b 4..62 d 5271 a 11315 0 5.2 o 3356 
At M:::U kl ZC. i od Ir769 ab 8927 ab 1 62 b 7151 a 14935 a 2.7 b 3G60 

j+'d~'~ab 998ab 5. be 12391s bo 0.7 a 331568 
z- %17 a 4337ea 6 C 32-,2~t 8 8o 2712 d 6l.N d 7.7 d 251.6 

tr tr 309. 817 tr 365 631 tr 352 

o - A t ;h - C; ?Ann followeis a enmon letter are not signifioantly different at the 5%level bar uzirg Duncan's Multiple 

- i-"s of 
2. 3 Wavesz C mise ~ ;baais). Data t Axiijred to logarithm x lognx for alysis. 

7, ~ it on a -. : a 0 - ,wbee 0 - m---sd; 9 giof weeds. The ana:Iysis done on the date transfozusd to 
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. n .s-I-PO~te TW* r iM i ~2ved we,.ds
DAWA. had -a ~4L ~eni- H lea 

r3 aetha highest
and gras3,, were'-the we&.x, problerA and 2 ICWha '-I' 
-yield a!Uhmsh the we,control was not as epotaoular ac-that given 

bor both iveai of alaohlor" cozr:.ination ad two higher rates of butalate 
There was no. signiioan differenoe, hortvors

cmbistion with atroine. 
Lower ratein grain and TIM of maize in the above niertiefled treatr~rts. 

or butrlata... atrazine mixturze .. a-aansit.-m~i~-hl atrasiwO 
at I kk/ha was definitely poor. 

e&. ebutylate oombizmtiortsI& aite was dcmimted with broad leaved 
d not loo-r tj effective on wede as atz>miL:A. at kg/ha or alaohlor
 

eombinatJn:s At this site :'zorporation of butylate + atrasine was done
 
"with a tra !;rdr~udisoharrow and, therefore, the imcorporation was
 

Thus
doeper than Samar,,, and Kadawa where it was done with had hoe. 
rot very effective. Herbioidia'g4Vi. better

atrzirme got ,dilu ed and-was 
weed control gave -maize grain y:eld comparable to that from hoe weeded
 

treatment and bett ar than umaeded.
 

different cmbinations of sameAt another location in Kadawa 
e su le ar' were tested on a gite infested with Qherbicidoa 

confirm that aleoblorrinm:u&M1 weds. The results, given in talAe 51a2, 
and their mixture with aiiazine

and butylate are weak on broad leptwad weeds 
It vias also observed that post-mergenoegives a-better weed control. 


2 k/ha vith Sun Oil 11i!lone or followi g a
application of atrazine at 

at the same rate can give effeotiva 
pre-emorgence application of atr!;zinm 

seem to be much advantage-2. espu3._nt3 control. Otherwise there does not 
that of

in the post-emergence application of atrazine with oil over 
overall weed control.pre-eergrce otrazine on the 


Table 51e2. Effect ef Ferbicides on Cyne esoulentus. Annj frasa
 
Gr h
r.Tla1. Le 

Treat"'"i .C, esolentus 2 Grasses Broad 
Lvd 

Total 
Wfeeds 

Maize 
Grain-

I. Arazime 2 pro-z,.i 
2. Atrezibe 2 , 
3. Atrasime 2 + 2 post-em 
4. Alaehlor 3 ro'." 

544 
124 
12 
70 

1569 
1181 

81+9 
605 

0 2113 
396 1701 

0 861 
1019 169. 

6474 
5353 
5M2 
85 

5. 

6. 

Alachlor 2 v atrazirm I 
pro-em 

Alaolor 3 + atrazirre .5 
pre-am 

i11 

61 

1511 

350 

11 

7 

1633 

18 

5571 

56Y 
7. Alachior 2 pre-em + 

atrazine i.post-em 15 
8. AlaohlQr 3 plre-em + 

Ptrnsina I po~cst-eM 83 
9. Butyluto 4 J, 71 
10. Bu .,yote 6 6 
11. DBrvlyata 3 utrazine I ppi 31 
12. BLIqlatu 1 + " 2 ppi 67 
13. Butylate 3ppi + " i post-eml 2 
14. Butylate 4 pi +" 2 " 8 
15. Hoe weeded (twice) -

16. Urweded 419 

1856 

1050 
6+9 
24.7 
839 
573 
879 

81 
-

3153 

0 1871 

0 113 
V93 .2616 
951 1204 
89 959 
6 646 
6 897 
0 89 
- -

121 3693 

7096 

5294 
6225 
5385 
5322 
5447 
6318 
550 
5385 
3922 

applied with Sun Oil 11E at 10 litra/ha.Post-emergence atrazine 

2. Weed samples taken at the time of teaselJ.ng of maize. 
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ZbG aprIM.vl plots ware cultivatz4 and ta eropped with o cv koma VXT at Samaru and Xadawa. The Marketable tasito yie'1ds ar* givenin table 51 a3, A slight Oapressio in yield war3 01--. Vfd with 2of atre im alone or in ccabination with 6 k/hi i butylate, at Saftru,althou this was not , Ii ant. No suh*trend was reed at Xadawiwhre the soil is lighter and the herbiuides leach &,dw. qlok3y. 

Table 5183- ReIf al Effe .pt of erbiieAA nle n iis n
 
Pollowirw Cimm~of ToaiatLoq
 

Treatment 

&AAbeTnte7'n/u 

8au~r~ Fadaw
 
I Alaohlor 2 + atrazire 1 
 45.9 38.-3 
2. Alachlor 3 + atrazine I .5 47.2 41 .65 DutYlate 3 + atrazine 1 48.9 3B.0 
4, butylate 4.5 + '~1.5 48.7 42-0.50 • " -. 6.0 + " 2 42.2 41.6
6. trazine 1 .49.0 38.7
7. Atrasgine 2 4.33 38.28. Hoe weeded (twice) 5045 1 .5

9a Unweeded 
 414 42.5 

3.4 24 

Ct. ngt recmmendation
 

Nil
 
XCoMoad interim reoommandeatj
 

- Use atravine at the rate of 
2 kg al/ha pre-amergence on medium
textured soi-ls infested with annual broadleaved on: g ws weedso 
Alachlor plus atrazine may be tsedt t rtes of 2 + 1 kg a/ha,-respectively, pre-emergenoe on medium textured Soils .dAcinted dthC'rerus esoulentus and/or annual graass and sedges with broadleaved

-weeds. 

- Butylate plus atrazine should be used at tbe 10.8 of 15 + 1 .5
kg ai/ha, respectively, as pre-plant incorporated treatmert on

medium textured soils when the site has 
an ifestation of Zrotundua or Cy.eru§ tuberosus in addition to those men ioned for 

, alachlor combination. 

- When the site is h;viy infested with perennial Q .M.herbicidal appliocation should be preceded tv thozugib seedbed
* preparation. 

H t /X/ib. Effect of herbicides on the contErol of eeds in rUn.W .. 

Vernolato, alachior, trifluralin alona and triflurain~ followed withpo t-emergence Cterquet wore cc pared with two hoe weedings in a fieldtrial at Fadawa in groundnut CV s3. The site was infested with anbroad leaved weeds grasses and sedges with iery little C. *_ 
l 

S.UA 
present. 

Aleoblor at 3 k&/ha looked better amongst the herbicidal treatInts.
It kept the plots clean in the early pert of orp growth and the yieldwas o09parable with tro hoe weedirgs (table 51b). Ths effect was shortlivad, however, and the plots started to become weect 4P.5 weeks afterherbicidal applicaticn. The effect of its lower r e was very shortlived while the highest rate of 4.5 k/ha caused stunting of groundmrta
although it kept the plots clean for a lorger tine. 
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Vernlato was not 0roeaiv/ while trJuraln-e 14 gO,footive
Very soon the plots bome doMinted with e=rj- ! trlur in 
treatmcnt .Wh wore tha overtaken with broad &tiB..oEf4~ p~t4~e~~~ afer, tze-fluralir, ulia thd~Ys bi 

MSMndkQro thllowdnt yMeld was Colerod . "Thi aouv,.i dLe 
e , tO .1 plat y-ap 'ae ie to the% t rh US ren al 

4 Which wnotk3O U ,;roundur46 'atj It a r tha 
. o was guioTwy topreaneat , t of laa.hinMi te,l4ght(,- tsls Of Fadcwh~% th,r Ie*o&~Zts Also tbecanopy. 

grssare uratrr deak on broad Laat rdeIedA lr thoe weCi boreu 
1, se oerirXr b roadleaeod w eoda.lato 


emtve~ ~o no uaoe ln adfloor. bps
 

Nil 

U8e lachior at 3.0 ke a/a as pr. -eorge no app,"ation on m6dhutotuus O soils dcuinatod with s•MDrusjjq and onua grasse 

Pefluidone, no'luraloe alone and folloec)eXMV4, and diuron followed with MUi!A were cotpost- rgs ,compared at Ngala, Kadawa ah, r 
=aru. Tb Ngale trial jwd to be written off an a result of wepdirofp~imertcl plots by tAwn of.

ile the*results fru Sea u and Kadware. Iven in table 51ci , The weed ftlora onsisthed of C4 'grasses and broad leaved weed d aii u41at Sawa..= and broad Iweeds, on-Vo&raises with little C. t
ipj m 

v at K Uwded plot* were alsonz-Aone of the treatments, althwugh. left. out in tbo statiptiai. 
see theroAtentil growth of! the wa apd Udre o redwithherbicidq treatments. Thq were alo useful toe 'th elxtentofamag*caused ky leaving the weeds unoottrolledt 

o1Parfluidone at /t kIha proved to ba the best herbibi at both lociowIt save good conti.ol ca' all the w neds Itsand boat s ed cotton yield.
1040~r rete is 2 kg/ha was inferior to it in c3,1 respects.. It appears thot
 
r.' /h sho'uld--be
' aptimua depending upon the soil type. In fat 3 aof pesf'idone kept cotton plate wegO free a eed"d cotton yelds were'.cn horableto two hoe weedinga on another part or the ao.The aominst woeds were C. Xgotunrbj andC. IUsontu. 

wme flald at 

Narflurason wd" not aseffeative as in the previous year at
siteso. 
 It lost its effootive is v, j quickly in 
both 

control a et year. Weedan4 sed..c~ton yield wQ -6 aigh3,better at 2 kglha then atI :Who, When followed with MSAal 2 kbithere was a mmrked imprvemenxtoeaoly at Kadawa where broad Jieaved weeds were the main pz'obam andwbere the seed cotton yield from this treatment wt~o the Migbet. 
fliuron at 0.8 kg/ha followed with MW~ wap cwparabloo with no~tluravaneat i. k&/ha followed with USMAh at Samnru bti inferior at Wtr1aa.Wha, however,* diuron kille 6Qofctopansa Sa~aen 

At 1.e6
Weand ta

lowest yielder of all the herbioida. At Kadawa tl~ere Wa3; an isprove&u~tin cotton stbnd, as a result of supp~yin isixg standa 2 rgceks later,after an initial kill. of 3i *cottonplanti and seed'cot .on, yield was alsorespetable.*~*' appoari. that split alicrti~i c'duron or applicatici2-3. maeek betore soih.ng cotton miaht be botter. 
in the abseni;, of 

a 
arW hoe weeding or herbicides tUs woeds produ.big t e"''-'Wtywith '~- 4 practiafly no seedcotton yield at both locations.-
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_ b~ I, 3ff.Qt Of ifEbioideg on C r, , CrC, V-,o '. d P.. Y faf Goudrut 

WAmentCuo ~ -laer Wep?, o~r -taat t rVigotw6.wklter ct-poda
F0 Sqaf rootC Score Sguare root- bLedh,1. -11-lte at 3 kdappi 54 2.42b - 7.6 2. 85od 54 242 oa 262o 

2 at 405 kmgjapp± 4.6- 2.26 b Z-7. 5.7 2,.8 bad 227.bod o3. Verz eatat6 kdr.ba ppi . 2.03 , 7 . 2.74 boa. 5.0 2.35 d 360 abo
4. hueib1o at. 5 iJ pro es. -.-	 240 bo 7.60 2. 85 "c. 5.7 2.40b 295bc

54 ,d3 a 3 k&/ha pro -em. 
 4.3 .8 b 7.0 2.74 bad 6.7 2.68 ab 449 ab
6. . 405 kr/ha pro - am 	 1.- 1.68 a 5.7 2JI-0 b 6.3 2.61 abc 
7. Triflura±n at 0.8 k/ha ppi 	

26 € 
7.0 2.74+ca 7.3 2.80 boe 5.0 2.35 d 205 a.8. Tzifluilin at 0.8 kJha ppi +CyperqvstLat 2 kdkba post - em 2 7.3 2.C3 d 6.3 2.61 bo 5.4 .242 ca 338 abo

9. Hos ease (twsoe)3 
2,20 b4 3.3 1 9. a 7.0 2.74. a 489'

10. Umeedd 9.0 3.C8 d 8.7 3 .3 d 5.0 2.34 d 205o 
.S3. 

0.1 . 0.10 6.C7 56 

ie te in the 83M ocluin follows-2 si riommon letter are not signifiantl y &fferent at the l oe 1l Using X3I)an's1&ulaRriO Test. 
2. 	 %pxqt' applied after 3corire fCr weed cejer and cp 71o0'w (6 weeks after sowing)Q. omI= hoe meeding bal bwen domie at the time -of aocT Jg for weed oover ard camp vigour (6 weeks after aowing).. S:nt;img sole 0 - 9 where C =m s;.; ard full wsed cover.ScorlS scale 0 - 9 where 0 = copi.ly killd, nd.9 = oompletoly healthy cropriet. torsfowd to squaro r .,,t x 'O'-nalysis.a a+ 
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mtQse int ttt ft 

crop bon the 3hou33.dP~v ,%I on both sidos the 4 t rt
 

oth were woodplanted towds -	 ootton 
'gos to a*@ ~ 


or bw icluon2Vd a20also to 8e0 th* poBuKLM5W C
 
th ls ye.r
dy sseonofco " Ita't' a ig -Atvotion8a.'r iea atloni tzj' i,' a .....of oottrr, 2T02 2 

ar'e givrin in tarte M1o2e Ni .-igriftoar* d~womc4, In i 

at 8aoru altzkS pextlu.one sesas to htwe 2o adwi al.
 
-tomato yieAo "a he2Aicide cauvoed definite to42 a I z 

on toato plavtis at Wawa with a t.zr.,iequant redunti 4,_n.
 
the last year, It caus14 a xreduction in t ! Ytld Ca.
 

shinstamatooa cannot be ixtzsr ,5inted safely aft.r auldono
 
othorwise is a good cotton harb yeoidet
 

of Tomeatoes
 
Treratmenh Marketabe a
 

Samai~ ' adave 

1. Perfluidone 2 	 33JA, 20.3 0 
2. Perfluidone q 	 36. 11.6d 
3. Norflurao ' 	 38.7 25.2 %,
4.' 	 Norflurazone 2 42.5 32.5 ab
 

Norfluraowe I
ofp~itoIato ofheMENA 2 .nte cotton 	 39 4 a;rbioan in 42.9te JallowiagrnVad
6. muran 0.8 + he'we2 444 33.o b
 
?. Diurzn 1 f.6 o hLA2 45.9 e 25.4 

8. Hoe weeded 	 41.2 37.2 a 
9. Urpeedsd 	 41-4 36.4 a

S.B. 	 3.6 2.7 

tu hate n the ace column followed bydifernt level by uing Duaa commonMultleletter areRargenotTeta.signl..areat the % 	 en's 

I eo results inicate the possibility of having a dry season cro
 
of tomatoes when iartransplanted in cotton but mlods further agor a
 
ie orhtigations.
 

Curen reogmendatoan 

ProMosed intrm recomme ation 

- Perfluidone at the rate of 3 kg: al/ha, on medium textured soils,,
epplied pro-emergenoe, provided the area is not grown with tomatoes 
during the same yenr. 

- Norfiurazone at 1 kg al/ha applied pro-emergenoe on inediu.i textured 
soils followed with MMLA at 2 kg no/ha as a directed po3t-mergoez0 
aprqyp if and when weeds appear, but before first bloom of cotton. 

H.fl/5/1d.. Effect of herbicidgm on 32ed contro i tcgn 
Gkyphoaate at i or 2 kgjha with or without 5 'W/he of amonium 

sulphate but all followed with 0.8 k&ha of a proprisezy mixture 
'Sencor - Cambi' post-amergenos, pebulate at 3 or 6 kg/ha pro transplant

incorporated and Sencor - Canbi at i or 2 k/ha pro-emergence were
 

ocuzpared with two hoe weedings in tomato oultivar Roma at Samaru. The
 
experimental area was infested with aedges and annual grasses. 

None of the herbicides (combinations) gave a reasonably long duration
 
control of weods and thus the yields from those plots were very poor as

Clampvred with two hoe weedings. On the other had Sencor-Cambi at

0.8 Jkg/ha killed all the tomato plants apart from having no offe-t on the 
le-tar growth of weeds after a good early weed control ty glyphosete at 
2 kgha with or without ammnonium aulphato but i kg/ha when mixed with 
5 k/ha of anmoniumi sulphate (Table 51 d). 
Currntroomamendatioj Nil 
kinposed rcommendatlIn: Nil.. 



.-.	 EffecteAe&.f eo s. on Weed fotton Weiirhta ( ha), Weed Cover 	amp Percent Stank of Cott;oni 

Samaru "adewa
S .	 ,perus sppl Total Weeds4 Stand"____"___"_ 	 at Seed Cotton Weed Cov Stand 2 wka 3ta "at. Seed_ 	 Harvest at after aowir Harvest Cotton 

,.done at 2 kha pro-em: 638 ab 1153 1, 94..2 a 1174 ode 4.25 od 93.5 a 91.3 1487 b 
2. lt ct 4 k&ha pro-es .,0 a 694. ab 92.9 a. 1918 a 2.25 ab 
 94.6 a 92.9 2011 a
 
3. -cfWfluasoeati Z " 988 a 22% d 93.8 a i796 =f 6.50 e 93.2 a 93.3 748 
4. " 
 2 % "9 N 8 lo 1323 a 83.8 a 1I4.de 5.50 do 92.9 a 
 87.5 135 b 

5. NorLuxzoraat I kg/ba pyre-am+ YISA at 2 ?a/ha post,.em 317 a 726 ab 96.7 a W'7 .b:,d 2.75 b 97.0 a 93.3 218 a 
6. 	 Dlmirn at 0.8 . pze-em

?4 ' at 2 1w theapost;tw 3-53 a 529 a 92.9 a 14.75 abc 4.fXD c 91 .9 a 91.7 1557 b 
',. .Z.dO.nat 1.6 kk/haa p o-e= 

+ MWA at 2 kgdha post-m 748 bu I (Y7 Ph 32.1 b 528rf 1.75 ab 65.1 b 82.5 1679 ab 
Co B41e r,e@ed (twioe) 5(;2 ab 809 aba .89.6 a 1 V8 ab t .50 a :)5.8 92.1 1917 a 

. 101 164 4.0 1 
 - 3.0 3.2 112 
Unweedod 12 4381 68.8 27 
 9,00 n5,2 89.2 111 

~.Data in the s~e ov~lzzr folloviai IA.a .cQamof letter are not significantly dilTerent aitthie ~olecl by uAzig Duneants MultipleUane 	-t.16t.. 

2. Teed sa .la taken 12 wc.s later and are repetodena = a on ov dry weenbasis. 
3. FA Mv A on a 0 to J aoalg W"Laz' 0 =free of weeds, and.I fully 	covered with weeds. Data transformed to square roota/ 7Y for analyals b-All.oda the )rzxfge cf tiginal score. 
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+ t+-€:d - ... +.;: ..	 " . t 	 7 + + +!+ v' S±A , Cez c" 

~ ~au,t ~rn at Dp, or,1 .6 g/ ,Jc ->ta eof eamal grasseo luedtol and yil, o, tku,6aThus the lecir (4 wheat c-ipeIK nourged C1 Ofca.S which iN -~idqnt Stom t- ';,"Ac' ~e~ elMMravebobod
ft6OPO~p ard 2, 4-D, i;era a~plied after diuroz them. was 'a lgioatrduoition in the weod growth* In g~r-aral, 2A.,D waa a v IneCopxop bdi was omparable when fo-jiznrn C les doi a. tk.ai, 

words1 o,thtr 2 2w4-p 	 otiyea er herbivile liko er d the 

t'!h-7rczo e. of a Letter 03tablihtd hesp , .D waerao better
 

0p~ont . h,. t bO: :~a ha Ontheote . u. n " e Uativ idaowa, , osz of I . p oeiwo.{hwebrbics tdt aWa btr
used coa rateoliw
at obtaied 3 herbiwKait. 2an ta ho4 ocodphluorodifen et1 o4kh .6 or; 52 e/; o : rhlortource at 1 .6 k oh ..re 
-t 	 sratd p t ra2).(ato Thy lolo red tbu wheood , oo
 pe thi 5biluenti On the other hzr u
uron at bott zw,ta' , oru~a~r,4luron at. 3.2 k&/ho ccused pi4±Lhl of the oro2 *apeciaV2,at-the lower ords of tte plots, but 	the taxdo effects W-A notpea .at, at Samaru proasliLi~y due to more leowhing onk a 3l~her tezu e 3ell'.Thao crop rto tri_f , an irdial iniuy W these erbioider/aties • 

Amongzs the post-emrgx herbicides tested at Mdawaweed control woo obtained vrith 3.2 and 1.6 	 bettervj~/ha of meeopg~ feiiovedRith 2.4 k&/ho -k, intozorw. :2,4-D did not pr7 verove atot~e on"e 	 leraces baut reduction in yield was noticed.
 
'It is prematureo to drcm 
 n.j 	conclusions but wheat azhod 0' 6004'or~qmtitive ability end urtder ,:ood mriagent it zq be pipzmb2Lagood crop 	 to riseawithout arej woedi:.,A or herbicides. A nmaber ti herbicides

have-' shcn precise and can be 	Used in cae there a- mod., 

Nil 

nil. 



~4A A W 

00oav at &,kvf abl 

Glqyphoat,P at I kifha ppwt4, 
' 246a"2" ppwf 5.5 245 b 041i 

R.GY~hOBCt. at 2 kghO ppwf with 
5 ka/ba Am.5. .Senoz,-Cg>M.at I k/ha pr-e. 

ulphate 6.0 2, , 0
6.2
6. sanoor bad 2.2
T 2 kg1ha pre-en. 

2.59 
5.0 
 2.3l.+ b 5.87. Pebuiot- 3 Wdho ppiL8. 790 P-44 do6 m 2.95.59- 245 beHoe 3.5weeded /twice) 


3.2 1.93 c 16.7
1 3. 

8.0 
 2.92 o 2.1 
0.09 

r, in kL e=0 oo1-ni f'ollowed tv a ooron I8tterea not aign~t±.• 

dA~o~~at hG % level t~r usixg2. Z0oorJ 30ael 
Duncan's Multiple E"u Text,,0 -9 where 0 a no weed, and 9 a IULIy covered with woods.

3. Data tranafoaed to square roots m TT A: allfa .
.
0.8 i te tzeatz~rntO followed dth aenoozhombi at the zto or. 



______________________ 

Rb251.g &M221 of Herblcia; on Weed -ihtt Gzain qrd TIN Yield a ar 

.__• - . .-- 4 

-

btatment Wheet WheatWe.Compomno Grain Til 
20 uzon 0.8 kdha pez- 760 of 98.1 1321 bed 4629 be 

* m+ ~oG;X) i.6 post-'a. 14* bo 100.0 1318 bad 4333 ba
 
3" 3.2 " 48a 100.0 1232 ba(d25bo 
4 + 2Ao-D 1.2 102bb 100M0 1860 ab 5875 ab5. + 2.4 " 83 abo a2.7 1126 ode 433 bo6. i uxon 1.6 &/ha pro-am 12 of 100.0 
 747 da 2167 ed70 
 + eopzop 1.6 d2 100.0 425 P 1167 d 
8. 
 e" " 3.2 " 56 ab 10).O 493 ef 1333 d" +9.24-D 1.2 " 467 a 97.7 81"8 def 2958 ad
 

+ " 24 " 163 d 9.9 758 def 
 2158 cd
 
'RO fame) 226 d 'i0.0 21.0 a 7083 a . 1 5j. ad 82.7 1778 abc 6083 ab. 

~ ~.238 666
 
Du -a i. . colIaU folwed 
 lv ae -n itter are not sa foantlY differe t" at the % lee usir~ Dunoan's Multpi, 

N a t.," t o i.-="r-s 

)-ghtsat the *ti= Of'G&5 beadirg (oven dry basis). Deta tvansfoirned to logarithim x ='0 * 4c 1 for anyalz.
 
~. z e total weeds.
 



Tabhel3" Xfeot Ct AgbIaZs oned WL hts. Wheat GEin and TDI Yild (kdjha) at &dawai 

T~ota3 2 Weed CEoa stion N of total) Wheat Wheat
Weds Broad lvd. Greases Sedges Grain Tim.
 

iss Chiortouxon at 1.6 31 a % 28 18 2916 6448 
2. 
3. 
4. 

Yon.,iat.. 
3.2 
0.8-

1.6 

138-abed 
78 abca 

UPl47bod 

16 
32 

22 

4 
58 

40 

80 
10 

38 

24..50 
273,4. 

2819 

1,5510 
6167 

6052 
. . urodifen 1.6 44a-bo 42 46 1-2 2822 G63k_ 

Bln'tazone at 
-232 

1 .2 poat-e 
a 

247 et 
56 
74. 

44 
24 

0 
2 

2644 
2388 

5885 
5156 

9e RICpo at 

2.4 

1.6 

32 

" 

a 

" 

. 

15io -,-

1x cae 

J4 ab 

17 
62 

27 

77 

32 

73 

6 
6 

0 

2859 

2903 

24.31. 

6677 

6/+79 

127 
i A'% t 1*2 " 61 79 21 0 3291 7563 

12C 2. + w 350 of 80 20 0 2609 
13- i ;- d (owe) 63 abo 66 Y4 0 3056 6823 
114. ,..1- ded 5oo r 82 18 0 2550 5%4 

15 tr 228 %,.9 

Data .~- . oolr.i toflowed IV a canon lettir are not Significantly different at the ' E,7'e1 usin Arncan's Multiple 

large at.+ 

S d 4I +' G' tS~~~~~ oe 5. 'M~ tra for dtJ. £hatt z'ai).
at the t2- of hsaibg (men Si to logarithm x Iogj0 x + 1 for arm3_ysis,"Di, rers ore .".a 

I 
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Objective: To evaluate various oulturci, mecharni and ohmioal
 
ontrol measures and to develop ter integreted use in
 

Cyperus infested areas.
 

Starting Date: 1974 

Rssearohr(a ): A.H. Choudhnry
 

.ffeot of cultvaton and hr.cides on te aonrtrol of
 

e"er .A us aa Cverun esculentUs in rotiLf. 

A three-year rotation includirg crops likely to be grown in '+
 
areas viz. Maize - Tomatoes - Grourdrats - Wheat - Cotton - Falow Is
 
being followed in the experiment. The Icy out is such that all crops
 
will be grown once in each year. The first crops of maize# groundruts

and cotton were sown in the wat season of 1976 as main plots and were
 
rpliated-wice. CTbsub-plots are a factorial arrangement of two
 
cul1ivation orbih wo
'-wh hin-dt&i.a 
given in table 52a1 . There could not be arw difference in I nd 12 

-- tratments in the first wet season cand the data fron the two treatmapW 
_wer-groupadtgate--and has been shown as' one treatment (Hi rnd H2 ). 
Wet season crops were followed with tomatoes, wheat and fallow,
 
respeativowy, in the dr -,eas on. 

A big inarea maize and tomato yield with Lnasive 
cultivation (table 52a2). This obrvli.y was the result of decreased 

.d/oke. _ _tnplots Ic&Iving extra cultivations. On 
the otho? hand maize showed severe nutrient-efioinqy symptoms in
 
CO treatments, being unable to withstand the ocpU-n fron oyperus
 
plants. Cotton was the other crop which was slightly-ometitted from
 
intensive cultivation. Groundnuts and, wheat did not show,..n response
 
bo extra cultivations. This seems to be due to low nutrient zr uf
 
the former and greater competitive ability of the latter crop.
 
intrestirg to note in case of maize and tomatoes that the performance

of herbicides was poor on standard seedbeds and this could be one of
 
the reasons of failure to get a satisfactory weed control with herbicas.
 

Charge in Cyperus population was observed (table 52a3). 'opcrt. fran 
getting difference in crop yield. The reduction in cyperas population
 
was greater with intensive cultivations in each of he.sequewnes. An
 
increase of 42 percent was noted in th maize - tomato sequerne on
 

the other hand, under standard cultivation. Grournut - wheat seems
 
to11 the best part of the rotation when reduction in oyerus populatiom 
is considered.
 

Although this was first year of the study, it has clearly demonstrated 
the importanco of cultivation in maragement of soils intfeated with perennial 
sedges. Herbioides did not contribute in lowering the weed population 
although helped to get crop yields comparable with hoe weeded plots
which was not unexpected because-they mostly suppress the tuber growth

rather than their kill.
 

urTent recommendation 

Nil.
 

Provosed reoommendation 

Nil*
 



"QWDealofTet nts I tvpj Hr4 ioAs 

Dot_ ODUL,'St-, 

._tetandard cultioVation () fycultivatm(oi
 

All plots d re andpriv h mi-d 

5//6 t rrCuatieatd 
(t.)25/16

136/76 P3os orCuite atodAll plots ro)t a tiv;t,&(twic) wheat 
14/76All plots harrowed to mix t:U' iis 

1%6/76 AU plot&ridged
5/11/76 Plots for tomtoea GAnwheat 

r"tvrated (twice) 

9/ 1/7 6 _ A ioVeplots rotwated (on se)
25//7 6 plots irrigated o 

6/12/t76 Plots rotavabed (twice)
6/12/76 
 Adll plots rotavated (Once), ridged

and 5=0 ridaes :or wheat plots
levelled to make basins
 

20/1/77 -
 aotton 
Irrigated

28/1/77 

Pl6o/evacated tar 

- Above plots tine 2'4tivat4 (twie) 
V Above plots rotavated .ost-e)q'/77 All Plots diac harrowed 

HO -Hoe weeding as follows:
 
Maize, Grou mt, 
 Cotton 2 hoev.edings to gooh crop.and Tomatoes) 

Wheat - one hoe woeding 
Herbicides on wet season crop& onoy:
liaize - 6 k&/ha butylate. + 2 kg/ha atraziae ppi.


Groudats - 3 k/ha alachor PrO-ee 
 followed with 2 kg/ha
oyperquat post-em.
 

Cotton -3 kg/ha perfluidone pro-en.
 
DZY season wheat hoe weedQd andi
once t~atoes hoe weeded twice.
 

H2 o Herbicides season
on drY crops ixh OdditioN to vot aeaon 
Wheat  1 kg/ha diuron pro-em. followed with


3 kdlba mecoprop post-wi.

Teaatbes p. 4 kg/ha pebulate ppi. (Also 
one hoe weedixg

given due to very hgh weed population). 



.co 35.5 I 
-Herb. 

", 
c~ 

Cl " 
igo, 

I 

Hi 11 

2256 

Wo 

. ..
NO: .. 

b . 

c0 

Haibw' ave 

Co 

I 
m o 

2130 

2615 

}1I 

H, . 
116 ~ 

29, 

' 

2147 

.2.53 

. *.. 

. . 

7 

-2328 

Hearb. 

Co 

C1 

41 .9 40.4 

48.8 

ANA 

62.1A. 

39,0 

0 

C1 

b. 

- --

28% 

2448 

. .. 

24-16 

2174 

2295 _626 

2271 

R255 

2263 

,... 

2497 

2292 



- /" 1. 9• ". - . 

- - nmu . L U..... ... 

A.lt of~"I... S.. ...... 

C 84.4 87.9 
-. 

27-5 38.5 19.13 

Herb. av, 56.0 63.2 

B, cw~.,&A2ouenoes: 

Se seq.3 Cult. 

142.2CO 52.6 f 76.1. 90.3 

C1 50.9 26.9 274 5.1 
g. ,av. . 96.6 39.8 51.7.: 

C-
C. 

d 
ej, 

*1k~ ......,2 ...... .... " .- I 

3~. e.1j.Sq*2 j H ab 

HO 93.8 26.6 47 
S 91~.8 43.6 6.23..e 

H2 l ,, . . .9.2 3 68.9
 
Agq av 96.6 39.8 51.7
7- -

7 

D. t-Cultivationg k --del x -S- -uenogg: 
Se:. Seq.1 Seq.2 t.C 9. Sq~ Cxave
 

CCo 14.6.6
% 37.2 69.5 . .5 

C1 123.9 52.3 87.6 87.9 

Ch156.1 1.2- 86
 
CtH 0 41.0 16.0' 25.5 275
 
C111 59.'8 34.. 
 20.8 3.5
 
-1H 2; -:~ ,30.0 
 :35.9 39.5 

Se, av. "96.6 39.8 51.7 
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of plant/~b.. W-ULQ51 ing on the R1Owt1 

Mai c 07V CA was sown in all ccmbitiond of 37, 62 end 93 thousand
p1Wha with row spacings of 51, 60 ai 9 in the ycta
cm i975 and1 976. me
" uI ;4 and 2 k9/ha 	

aadia~z~~evd~ o. 6 k&/bablhanxt applioal~b.Of OYallinm !Y ; 75 and I kg/h bl b tylat plus2 ka/be of atraxno in 1976,
tractor 	 applied pre-swing- and inoozporated with adrawn ap..ng tooth harrow. The rault for the two years aregiven in table 52bi and sumarseP- in table 52L2. 

Taewas littlc. regrowth oft CO es l y Cy 	eruaappqpre~into ~ ,, of' a hIghtrto of bul~ * in 1975 table 52b1)90ftoifr, tho wvc~d s5rnples were talvoz, at ttLa end of the cxvp and Cyperusplants at t teim are overtaken by the .... woods. out an imotly
pp' frc the fields. 
 Still growh in ee'ne eeware 	 mcarded and there was a reduoed ie rv-othwith 	an insei maimpopulation. Same trend was observed in C. r and anz-al sedgesA- 1976, when the weed samples were taken at the time 	of tasseling ofmaize, although the Aiff er=as-.were not signifioant. Row spacing hadeaignificant effect on the growth of Cypers s n-l& -wahtof ,y corded in 90 	 was_ *cu cm row spacirg double than 45 or 6 G-.au ows.& 
How spacing had a significant effect on the total weed growth inboth years and the weed weights were higher when maize Was sown 	in rows90 cm apart as compared with 45 or 60 cm rows. Si 	 arnl thers was lowerweed 	growth at higher populations (tnble 52b2).
 
C,sidering the grain 
and total dry matter yield of maize and itseffect on weed growth (table 52b2) it appears that mnUum population androw spacing will be more beneficial than the lower and higher populationsand spacings. Apart fram depressing the weed growth to a reasonable extWn,thw 	have operational cdventage, produce good sised ears cmbiaLxwth.. 

-god-inlde 

C11ent rowincntion
 
37,000 plants of nma*zu'per hactare grown 
at a spaoing of 90 cma
 
between ridges/rows and 30 cm between plants in a 
row.
 

"Os2ed interimrAcommendntion
 
W"en herbicides are used for weed 
 control, maize should be grown ita spacing of 60 cm between end 30 omrows between plants in the zws(giving a population of 55,555 plantq/he). 

H.iI/5/2c. .fficent use of PI,7nhosnte for thecontrolof Cvpers sgp.
 
Gyphosete not a
only 	gives secsonal control of o 	 jA. butalso reduces their population by killir the underground propagatiztubors of the weed. The operiment designed to see whether ammoniumuliphate tank mixed with gljyphosate can increase its toxic action andwhether application of nitrogenous f-rtilizer to promote the growthof Cverus =. will uke it more susceptible to glyphosate,

initiated in 1975. 
was 

The treatments in 1976 were 0.5, 1 and 2 k&/ha of glyphosate appliedin .3( 1 water/ha (G treatments),
(S trentments), and Q, 25 

0, 5 and 10 k&/ha of ammoniu sulphateand 50 k/ha of N(N treatments). The experimenbwas con~tted as a P factorial with higher order interaction confounded. 



Table 52 bI Effect of Maize Povulation_ x Spaoinms on Cype-s sp. "and Total Weed Weight. Maize Grain and TDh in kg/ha 

Treatment 
Cyperus app. 2 

+Maize 
2 

Grain Maize..... 
19753 1976 19753 1976 1975 1976 1975 1976 

37,000 plants/ha 
61,700 * 

8.6 b 844 
4.1 ab 610 
3.6003-3 a 472 

1,072 c 
37i b 
225 a 

1008 
828 
617 

6,039 b 
6,811 a 
6,132 b 

6,379 b 
7,006 a 
6,502 b 

12006 b 
13940 a 
13179 a 

12677 b 
14273 a 
13921 a 

. 133 143 166 159 313 372 
* 

4 
45 cm raw spacing 
60 cm row spacing 
90 cm row pacing 

5.0 
5.2 
5.8 

521 a 
424 a 
981 b 

424 a 
576 ab 
669b 

688 a 
595 a 
1170 b 

6,584 
6,20L 
6,103 

6,574 
6,872 
6,440 

13693 a 
12695 b 
12726 b 

13578 
14153 
13140 

S.E. 133 143 166 159 313 372 
CO 0- 37,000 plants/ha at 45 cc space 

V0 i , 69 " " 
to " " "to 

61,700 "f " 45 " it 
IN" " 60 " " 

to o to" " 
92,600 " " 45 

I to 69 " " 
I to 99 " " 

9.0 
5.4 

11.4 
3.2 
4.3 
4.6 

2.8 
5.8 
1.4 

602 
526 

1406 
639 
345 
84? 

324 
401 
.693 

921 
1,186 
1,108 
299 
379 
436 

50 
160 
464 

799 
620 

1606 
799 
606 

1079 

468 
558 
824 

6,389 ab 
5,525 bc 
6,214 abc 
6,821 a 
6,615 a 
6,996 a 

6,553 a 
6,471 a 
5,370 c 

6,224 bcd 
6,080 cd 
6,831 abc 
6,512 bc 
7,613 a 
6,903 abc 

6,986 ab 
6,924 abc 
5,607 d" 

12683 
11219 
12101 
14601 
13495 
13734 

13799 
13382 
12348 

12636 
12484 
12911 
13470 
15049 
14300 

14627 
14925 
12209 

tr 231 tr 247 287 276 542 645 
1. Data in the sae coluzm. (between populations, row spacing and their interaction) denoted by a common letter are notsinificant3y, different at the 5% level Qy using Duncan's Multiple Range Test. 
2. Weeds removed frem the sample areas at the end of harvest in 1975 and at tasselling time of maize in 1976. 
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Table S b 2 Effect of MAaize Poiulation - Sxao-i on Averame Weed 
Wc±~t. aire Grain and T*1f 

A Aveiage weed weigiht (k /ha) 

Sc 45 cm 60 om 90 Om Av. _______.__--_______ Pop. 

37,000 86o 900 1357 1040 
61,700 549 499 757 599 
92,600 259 359 644 421
 

Av. Spac. 556 585 919 Over all Av 

687
 

B Average Maize Grain (Tons/ha) 

Spao.
 
pop. 45cm 60cm 90gm Av.

Pop. 

37,000 
 6.3 5.8 .6.5 6.2
 
61,700 6.7 
 7.1 7.o 6 9
 
92,600 6.8 6.7 
 5.5 6.3 

Av. Spaec. 6.6 
 6.5 6.3 Over all Av. 
____________ __ __ __ 6.5 

C AverageMaizeTIM (Tons/ha) 

Pop 45 cm 60 cm 90 cm Av.
 
Pop.
 

37,000 
 12.7 11.8 12.5 12.3
 
61,700 14.0 14.3 14.O 
 14.1
 
92,600 14.2 
 14.2 12.3 
 13.6
 

Av. Spac. 
 13.6 13.4 12.9 Over all Av.
 

13.3 
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W-*Vwtei t rea was disked eniharron I. in the, middle of KW and 
t6 N to etnents wemr applied. In addition,. t'trd.is plied on:ewa 
the 4niiz*f r i~its1 nroa, ot I kwJ/hi.to tae car of weeds other 
than Ckua app. to emc':rage C g h. wawes 

the moat dominant specietc whilie there were few £..i pante present 
in th.' experimental area. Glyphosate. &Z emonitu sulphate were eapplied 
in the middle of June and" all 'yperus 'was blashed in the end of June 
after scoring for its control. Maize Smar.ul. 2, wosaown a dqy 
later at 25 cm spaeir in rows 60 =. apart, 

The experimental plots started to get iovered with annual wee4a in
 
August. The plotsare hre.oro sampled for weed weights in the middle
 
of August and 'the entire experimental area weeded about 7 weeks after
 
howing. No further weeding done till
was harvest. 

Gl;phosate acted quickly with an increase in its rate, miing
 
mmanium sulphate in the tank o-pro-applioation Iof nitrogenous
 
fertilizer to the soil. The weight 
of Cyperus plants recorded 7 weeks
 
later indicated that 0.5 kdha of glyphosate was not effective -while
 
there was no significant differree in the two higher rates. 
 There
 
were indications of lower cyperu3a weights with ammonium sulphate and
 
nitrogen fertilization but were not as marked. 
 Part of this could be
 
attributed 'o the high variablility in the ezpariment. Another reason
 
sould be more vigorous and healtVr 
growth of Cyperus plants. as a result' 
of less early competition in case of these treatments.
 

There wan an increase in maize yield when glyphosate was tank mIed 
with 5 or 10 k&/ha of'ammonium sulphate as well as application of 50 kg
 
of extra N. 
Also 2 kg/ha of glyphosete was sign~ioantly better than
 
0,5 k&'ha. Those 
data further qupport the 'benefits of these treatments 

in gettirg good cyperus control. However, some of the inorease in
 
maize yield in case of N2 must bg~iracffar L nthe growth of maize. 

Current roccnLa tion 

Nil.. 

Proosed rencyendation 

Nil.
 

http:kwJ/hi.to
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Emphasis continues to be directed to an understanding f.X
 

cropping systems employed by small farmers, partauaarly an
 

understanding of mixed cropping. .e ultimate aim is to devise
 
a closed system for use by the small farmers and which increases
 

the energy output/input ratio.
 

Mixed cropping rotation trials could not be initiated this
 

year because a) desin difficulties and b) the extent of other
 

experiments giving insight into facets of such rotations.
 

With the arrival of u Crop Physiologist and another Cereals
 

Agronomist work has began again studying the physiology of mix

ture, particularly the parts played by leaf cepopy et-aoture.
 

Emphasis in the weed scieno,. programme, has shifted from 
control of Striga by chemical means to breeding cereals for resis
tance. It has been found extremely difficult to develop viable 

means of controlling Striga by herbioides which could be applied 
by small farmers. The emphasis is now very much.on the efficient 
testing of recognised herbicides for control of general weeds in 
crops of different soil and olimatia zones. Attention is drawn 

here to the useful results being obtained by using herbicides
 

applied on and with fertiliser as a means of reducing labour input
 

from extensive carriage of water. Attention is also drawn to the
 

good results being obtained for control of weeds under irriga

tion. It is felt that recommendations can be formulated from
 

these results once proper costings have been made.
 

It is again disappointing that results for State trials on 
mixed crops have been so variable. It is clear that these experi

ments cannot be easily supervised by State staff. To the extent# In 
fact, that I.A.R. is attempting to sow and harvest many of these trials 

in 1976, It should, perhaps, be realised that there are two types 



2.
of trial in the States. Some of -hem &no locaticn ,.peoifior andthus require wide oover" prior to re3o~mRdationM. Fertilimer
triale, variety tri l, otc., fall into this otegor ., The.

other re crop speoifio. For example the 
time when a crop taken 
up 'uitrogens or the perfoanoe of two varieties in a'amiuie.
These are argel independent of location, and results obtained
froma single location are applicable on a wide scaoe t1us'
obviating the need for extensive trials prior to a recommendation. 
1le maJority of mixed cropping experiments fall Into this 
category. If this is recognised, and particularly since itbeen found very difficult 

has 
to adequately supervise complicated

experiments in the States, thep recommendations for mixed
 
crops can be forthcomng very much 
more quickly. 

The report is presented, as in past years, in three
 
.sections; Interoropping, Rotations, 
 and Weed Control. 

Intercronpn
 
.The programe is 
 defined to answer two questions:


1) Do mixtures give greater returns 
than eclu!.valent sole 
crops? In '-his context "re'wuns" will mean cash income,
although this will vary from time to time depending upn
marketing factors. Return is taken as the only measure 
since, in the long run, the need for security will be 
reduced, and the value of the intercrop for efficient use 
of labour will also disappear, being replaced by cattle, 
herbicides, or even mechanisation. 

2) 
 How can mixtures be improved? I.e., how can mixtures be 
made to give higher returns? 
To answer this question requires an understanding of 

why a mixture gives greater returns i. the first place. Most
of he work since the intercropping programme restarted in
1973 has been an attempt to answer this question. 

As a baseline for investigation a cropping: system with
mixed crops con.aon in the Zaria area ( around Saniaru ) was
taken. This system has been desc;ibed by Buntjer and consists, 
essentially, of a three year cropping cycle. 



Tear met Sorghum is sown on ridges t4. ist millet is sown in 
the furr. Spacing varies, sorghum about 60 ams. apaft, millet 

newhat wider. Nll t.. . be. sown earlier than sorghum . 
depending upon how wey the rains begins 

• M M ;, M "'M ';p 

• . MM M 

Year two (i) a Qothoorghum and mi:llet are sown in the -furrows 
at wide spacing, 3-4 m Again, tmillet may be. sown earlier.than 
sorghumG. 

•.M8 " S., " I 

.8 N .S M 

Year (i). After the rs have become established, generally 
some 3-4 weeks after tho cereals have been sown, the field i 
weeded and the ridges split and reformed around the cereals. 
Groundnuts are then sown. The general picture becoming one of
 
wiLdely spaced rows' of 
cereals at right angles to closely spaced
 

groundnut..
 

Sgggg gggggggggggg ggggggggggH 

This system affords very early soling of ceieeals whilst'
 
colleoting run-off wator in the furrows; the wide spacing of the
 

'cereals further reduces competition for moisture*" Cultivation 
of. the, land ip-delayed until the ground is soft, when weeding 
and ridging form a single operation; whilst'the oash,' groundnutu, 
is sown when the rains are' established. 

Thar three:..ereals geuerally miLlet, are sown on the r4dge, and 
relay orope"(obtten, oowpea, sweet potato, okra) are sown much 



later in the aeason, an the saw ridge =der the cereal. 

_X, M 

C ;
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-M------M---,-M-----. ... . .
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The first experiments were with cereal mixthures as for yar 

one. Al combinations of pairs of two millet varieties (ex Ghana, 

maturing 75 days after aowing; ax Borno, maturing 85 da8 after 

sowing), three. rDi4e varietica ( local, maturing5 
Samaru 123, matumng 110 deys; and 0 96, maL.uring 120 d after 

sowing), and one sorghum variety-(Short Kaura 5912, maturing 

160 dayos after sowing). -Maize was inoluled in these trials,
 

although not widely cultivated in the area, because the crop has
 

a growth curve intermediate between millet and sorghum and woud, 

if sucoessful, serve to improve the mixture.
 

The experiments were done in 1974 and 1975 using three
 

replications of a split block design. Cereal varieties formed
 

both rows and columns, being sown on odd numbered ridges in :rowe 

and even numbered ridges in columns. This gave two replicates of 

each mixture in each block, and one replicate (the leading diego

nal before randomisation) of each sole crop. Analysis was sim

plified by harvesting odd and even numbered ridges 1eparately to
 

give two yield estimates for each plot, including sole crops.
 

Each experiment was fertilised with 300 kg. ha."1 of a
 

compound fertiliser (20:10:10::NsPsK) at sowing.
 

Yields, given in Table 1, are expressed in equivalent areas.
 

That is,yield from I ha. of one crop froma mixture is compared 

-with yield from} ha. of tha% crop grown sole. (A farmer wants 

to know whether he should grow 1 ha. cf a mxture, or two rha. 

of each sole crop). Yields from each crop were analysed
 
separately and mixi g significantly increased yields of Ghana 

millet, Bome local and Samaru maize, and sorghum, in 1974. Beth 

later maturing maize varieties showed yield reductions from
 

miximg in 197k. No other crop showed any reduotions"
 



50
 

Table"1. 

ha" 1 Gain yield in KR. at 1kj M.o. 

Grown with -,
 

r-Ghana Borno B.looal S. 123 0. 96 8,K.5912 
,:'1974 .1923 !1789 .1788 . 1937 2054 2366 
195 
me" 

•1125 
12 

1225 
1507. 

10,52 
142 

1165 
1551 

1214 
' 1634 

1274 
1820 

Boxo 1974 2352 2239 2282 1042 2286 2617 
*1975 
mean 

1227 
1790 

,1129:
1 

1319 
1801 

-,1093
568 

116 
!736 

1214 
1916 

B.1. 1974 
'1975 

3530 
2911 

2786 
2788 

31TO 
3157 

3048 
3157 

3060 
3096 

3780 
30" 

meen 3221 2787. 6 3103 3078 3428 

86 123 1974- 4788 4982 4475 4341 14373 5976 
1975,woan .25693679 2238,3610 3339.,3907 .331781" 280135N, 167343T 

0. 96 1974 
1975 

3789 
2552 

31430. 
2737' 

3553 
3583" 

353 
3081 

3457 
3337 

3770 
_2780 

,mean 3171 '3084. .3565 3310 . 

osx., 1974 
1975-

3225 
2854 

3175 
2562 

3027 
2854' 

2489 
2436 

2461. 
i 1845 

,182 
2267 

mean 3040 2869 2941 2463 2153 , 

'so. 97/ data oY),&7-Do 1,ex 221 , -i
Samea 123 ± 370, 0 96 + 30, Short aura + 193 kg. ha.-1), 

In addition t. the ollectien of harvest data 
a full growtk 
analysis was done in 1975 in an attempt to detxmine whioh eomponentu 
of plant growth were oetributing to gains from mixi. This data:.. 
has not yet been analysed, although it is olear from the mas's of data 
oolleeted that gain is associated with better light utilleation beeause
 
of different canopy struotujres. Ex.Borno millet, for example,
 
showed a marked iv.-iOrse in both iumber and weight of tillers 'one,
 
growth raised the canopy above that of 
short kauxa sorghum, 
Similarly, short kaara sorghum showed an increase in total dry 

-,matter per plant once the.earlie' orop'had baen removed."'Bth
 
responses are very similar to those obtained in spacing trials when, 
population deoreaaes.
 

If a full analysis confias that cereals in mixtures with
 
different canopy struotures and growith patterns behave as 'thougk.
 

the? wore 'responading to popalstion change ,then' assessment of 
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varieties for use in mixtires can be done simply in saing trial. 
Maize, for example, where log yield per plant is known to be a 

linear function of population (Dunoan), can be assessed in two plot 
variety x latbc .trials. .. i6sit vriebs, -those that maintain 

'yield per-unit area over a wide range of populations, being predict-

ably..be..V.ex. *hnn non-plastio .varieties,. .Pather, sinoe 'maiy maize 

varitssow prolificaoy'at low population.,. prolff'.i
 

.A7,be more,.. ful in.mixture
u than non-prolific varieties, 

Ho.t, er, as an interim meaaie to form the basis of ia reoom
mefdaticn,'.bereeathge'gain ov=u sale crop yioJid'was equte, with 

difference in days to maturity. This relationship was: 

.Y+ 100,5.00o303jT - -.0238T +95.6 

,m% gain; T - differenoe Indays to mtuity, negative'SS the crop 
:as harvosted earlier, and positive ifharvested later than the other
 

iomqonen,. The relationahp.was highly significant for the two year 
data, r2, .52. The curve is ahown below, and indicates that gains 

will only be obtained if a orop is.harvested 34 or more days earlier@.. 

'Or*42 days or more-later than'the assooiated crop. As an barly 

•reosmvendation to farmera we have suggestedithat cereals .o more
 
thah six weeks difference-.to-turity.thq-
udAwb-sm-in mixtures.
 

95, 

of 
Bole 

8o-. -70 -60..40 -40 -30 -20 -10 10 20 30 40 5o 60 70 

Days difference to maturity 

The simple analysis of yield used above whilst indicating that 

gains are obtained over sole crops, does .not give a picture of the 

Smixture as a whole. Gilohrl.a p~oduced an analysis, part~culflriy 

http:ably..be..V.ex
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useful for the design used for these experiments, whih standardised 
yields as ratios and Droduced two variables. 

"Aggresivena", A . - . Y )/2 and 
Yii "M
 

Y Jj 

.here Yi. 
s the yield of variety i grown with variety j# and Yj£ 
the oonvereep anId. and Yij'are the sole orop yields, 

Thus. Ai£ R is positive an overall gainzis obtained which maybe due to the aggressiveness of variety j if A is negativep or '." 
vioe-versa, .or the varieties may bo oompetely compatible if A is
 
zero$
 

Tables 2 and 3 give .these variab es for ,the-varieties of these 
experiments. 

Table 2. "Reoiprooit7- R" 

Grown with
Crop Borno B.looal S. 123 
 0. 96 - S.K 

Ghana '1974 -.0095 .0217 .0551 
 .0820 .1857
1975 .0873 
 -.0693 -.0984- -.0782 - .1961.both ... 0389 -.0346 -.0492 '-.0391 .0981
 
Borne '1974 
 .0508 .0298 
 .0667 .1460
1975 
 -.0038 -.1826 
 -.065o ,1026
both 
 0019.
.-. -.0913 
 -.0325 .0913
 
B looal 1974 
 0039' -.0034 .1317
'1975 

-..
-. 0124 .0271 .1182.; 

both 
 -.0081 .0119 .1249
 
S. 123 1974 
 .0136 .1285
1975 
 -.1161 -. 0461both 
 -.0513. .0412
 
o.96 1974 
 .01941975 


-,1629
both 

-.0912
 

(See. - 1974, 19751O, .0708; .1225;- both,.0707) 

Unfortunately, variability both in and between years .was too
 
large to attribute any sipnf.foanoe 'to either "A"'or "R"o However,
the same picture emerges, that only those crops widely separated 
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Table 3, 	"Aggressiveness - A. 

Gr i with
Crop 	 "")


Ghana 
 Borno 
 Dolocal 
 S. 123 
 0. 96 SOK,
 

( .0601Ghana 	 1974- u -).091 7 -.0478 -.0140 .0449 
1975 .0014 .0045 .1272 .1573 .0641
 
bothi _0294 -.0436.. .0397 0717
.... .0545
 

oarno 	 1974,1. .0601 .0702 . --1178 ,o0144.:'" 
1975 -.0014 .1112 -1490 .1151 -.0286 
both .0294 .0907ti .0156 ,1.0648 -.0029 

-..Local ,.1974 .0917' -.0702 "' ".0348 -.0312 .0034 
1975 -.0045 -.111'2 .0113 --.0466 -,1420
both .0436 -.0907 -.0118 -.0389 -.0693
 

S. 123 	 1974. .0478 -.1178 .0348 , .2481
-.0059; 

1975 -.1272 .1490 -.0113 -.0394 -.1208
 
both -.0397 -.0156 .0113 -.02?7 -.0637
 

,0. 96 1974 .0140... -.0144 .0312 '. - 0059 .1100 
1975 -.1573" -.1151 .0466-.0394 .0226 
both -.0717 -.0648 .0389 .0227 ... 663 

S.K. 	 1974 -0449 -,028 -.0034 -.2481 -.1100,
 
1975 -.,06)j1 '-.0286 .1420 .1208 -.0226

both ---. .0029 .0637 -. 0663
054 .0693"-' 


(8.P. . 0, 1974*. .0737;... 1975 i .1245; both .1510) 

at harvest 	show any gain, partioularly shcrt kaura sorghum. 

As a preliminary attempt to more clearly explain %gain, "A" 
and "R"t such data aa was available was included in a multip e 

.egression.
 

Independent variables used are listed below: 

1. Linear 	coefficient of the height curve 

2. Height 	 at maturity 

3. 	 Height at flowering
 

SAge. to ma~turity.

• "'Difference in days to maturity 

6. (Difference intodaysleysi to mtry)2m turity)2 

7. 'Integral'of leaf dry weig*ht with'Itimst an 
approximation to leaf area duration. 
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Where % gain was concerned the only variable of any. -oaosto' t ity)2, ofsignificance was (diffrcrenoe in days tomtrty 2 o mnIng 
the earlier, simple regression* 4%is gave Y + 100 =. 96.9 +
S00291T± 0947; r, ,.7149, 12 w,,5112., F 1 35.55 on 1 and
 

34 df. The same variable was also highly sigaifioant in explai

- 2nig"R" "" .1858 +' .00017T2 + .000019, r .8369, *700 
F = 79.49 onil and 34 df. 

No one 'variable, or combination of variables gavo an
 
explanation for "A", the most important being the linear a?
efficient of.:the height 
curve. However, even the inclusion of
 
all.variables only accounted for 22% of the total variation,
 

Yigldp-% gain, "A"and ."R". are. given. in Table.4. 

It;is hoped that when all growth'data hes been analyed 
a more accurate picture, partioularly of IIAI , will emerge.i If 

the ability to oompete inmixtures is sLiply a reflection of 
"better" plant structure permitting more efficient utilibation 
of -light, water and nutrientso then rank order of vartetie under 
soie,oropping should refleot pefoxmanoe in mixtures.' 

._El Roubyp._qomppring yield. of advanced sorghum lines, grown 
sole and .with, a standard . dllet (ex Borno), found oorrelatins, 
of .98 and 0.81 between sole crop yields and yields wh.en 

interoropped f~or two groups of varieties. ,Howevprp 
 if."'Y 
was, oorrelated with iij the correlations coefficients 
become--.2132 and -.L591,-with 1 and.13 df, for. the same groups 
of varieties.. Clearly, although absolute yield ina mixturp 
may'be reflected by the absolute yield of the sole crop# 

the relative performance has no such correlation. 

This opens'up!many avenues of speculation. 



Tible 5. Performance of let group of advanced sorghum lines 
under intercropping with millet,1975 

Entryanga to Ne. 

heairreareplants 
'ldngBarren 
plantsp 

Avera-
g No. 

NO* Averao.heads tillers 
-

Plant 
ccunt Yield 
PlantYilShtHar- t/h 

~vestt/Cm 

-lt 

Wt 
3talk/ 

Grain 
Stalk 

Plant 
htCm 

Wt N. 

okKenlk Kernelad 
g sha 

eah 
Yield 

ccn-
trol 

Yield 
%sole 

1. L. 1389 - 73 123 11 22 43 0.96 45 2.76 14.1 1:5:1 144 2,2 3308 72.8 64 177 
2. L. 1229  73 

3. L- 1197-. 73 
ILe L. -266-1 73 

123 

119 
121 

- 3 

5 
13 

6 

10 
26 

44 
.50 
49 

1:33 

1:16 
1.17 

33 

43 
42 

0.92 

1.37 
2.20 

12.1 

16.0 
13'7 

1:13:2 

1:11:7 
1:6:2 

149 

150 
196 

1.8 

2.1 
2.4 

1078 

1480 
2121 

23.7 

31.1 
50.9 

21 

32 
51 

86 

128 
108 

5: L.- 1489 73 123 7 14 40 0.98 41 1,87 11.5 1:6:1 143 2.2 2410' 53.0 44 105 
6. L. 153 - 73 118 50 10 49 1.09 45 1.97 12.0 1:6:1 173 2.3 1982 45.6 46 144 
7. L. 1556-
8. L. 1509-
9. L. 1606 

10. L. 181 
11' L. 1484-

73 
73-
73 

73 

115 
118 
121 
123 

1191 

9 
5 
3 
8 
5 

18 
10 

6 
16 
10 

61 
58 
54 
77 
38 

1.39 
1.49 
1:157 
1.60 
1.15 

44 
39 
47 
48-
33 

1.80 
2.14 
2.44 
3.76 
1.70 

14.1 
13.4 
13.6 
17.0 
11.8 

1:7:8 
1:6:3 
1:5:6 
1:4:5 
1:6:9 

165 
147 
173 
170 
181 

2.5 
2.1 
2.3 
2.8 
2.9 

1338 
1992 
2228 
1979 
1749 

33.5 
41.8 
51.2 
55.4 
50.7 

42 
50 
57 
88 
40 

97 
117 
244 
127 
156 

12. Wx - 60 119 6 12 87 1.89 46 2.90 18.0 1:6:2 170 2.4 1575 37.8 68 149 
13.- 2123 122 7 14 36 0.80 45 2.11 15.3 1:7:2 137 2.0 3323 66.4 49 157 
14. SKI 5912" 124 9 18 51 1.13 45 4.28 19.8 1:4:6 217 3.3 2884 95.2 100 135 
15. RCFX 
16. 181 

187 
-

116 
123 

8 
0 

16 
12 

63 
58 

1.34 
1.26 

47 
46 

5.81 
5-39 

25.0 
17.0 

1:4:3 
1:3:1 

201 
168 

3.1 
4.0 

3374 
2635 

104.6 
105.4 

136 
126 

121 
146 

Man 
L.S.D. 05 

120 
1 

6.9 
9 

13.8-
18 

54 
17 

1.:-4 43 
6 

2.71 
0.82 

.15.2 
3.2 

1:,,:6 
1 

168 
12 

2.5 
0.3 

2216 57.4 

c.v. 4 80 19 9 19 13 7 
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Table I&. 

Yield as kiz ha," 1 gj.Lan at 1h% m.. % Ain. "A"and "R"for sor hum 
V 1.6ties 

Grov.wnvith ,
Crop A960 R 21 187, 1412 181. S.K. PFBL 

R 960 	 Y 1134 1235 1506 638 1017 1090 " 549 
% + 8.9 +38,1 -43.7 -10,3 - 3.9 -51.6 
A - .0604 .2326 -01807 .0934 -.1162 .,6341 
R -- .0286 .1480 -.2570 -.1966 -.0771 .1181 

R 21 	 Y 1066 1101 1305 647 702 757 565 
% - 3.2 - +18.5 -41.2 -28.1 -31.2 -48.7 
A -.0604 - .2121 .0089 -.0054 -.1263 -.5248 
R .0286 - 0268 4207 -.2751 -,2144-.	 . -. 00374 

' 
 "
187 	 Y 2294 1908 '2506 1929 2396 -" 1927 1162
 
S......-. 8.5 ..-23.9 -- -23.0 - 4.4 -23.1 -53.6 

-A'-. -.2326 ..-.2121 -- ' .0735-.0291 ...2633- '5.i96 
R .1480 -.0268 ,- -.2266 -.0440 .0322 -.0166 

1412 	 Y 1659 1204 "1647. 17.96 1611 1540, 932 
% - 7.6 -43.0 - 8.3. - -10.0 -13.8 -48.1 
A 	 .1807 -.0089 ;.0735 - .1294 --.0861: -.4360
 
R -.2570 	 -.4207 -.2266. -- -.2323 --.0541 -.049 

181 Y 1662 1710 2374. 1494. 2341 ", 1773 , 1129 
-29.0 -27.0 "+ 1.4 -- .51 '8-36.2' 	 4-24.3

A -.0934 .0q91 1294 2 0588 7210
.0054 	 -. - -. -.
R' -.1966 	 -.2751 -.0440.-.2323 - -.1839 .2034 

S.K 	 Y 3207 2451 3482 2781 2352 .'2688 2334 
+%'+19.3 - 8.8 -29.5- + 3.5 -12.5 - . -. -13.2

* A 	 -.1162 .1263 .2633 .0861 .0588. - -,3641
SR. 	 .0771 -.2144 .0322 -.0541 -.1839 .-- .2324 

FiDL -Y ... 3463 3086! . 2971. .2750. 3826 . 3156 1977 
+75.2,. +56.1 +50.3 +39.1 +93.5.' +S9.6 "-

A',, .6431 .5420 j .5196 .4360 .7210 ,3641 
. .1181: .0374 :7.0166.,--0.449- .2034 .232 

" . (See. 11.- a 0 - .1640; -A . 0.. .2010) . 

If. oompcnents of yield# as mneasu~red by uaual 'growth analysis yaethoda~of 
-two varieties differing markedly in'their relative performance In mix
'tares, can, be standardised with the appropriate statistical tech
• .lque, 	 and such atandardisation doed not account for vlative perforo-..._. 

mAnceu then wema have to.look ipside the- plant.as: well aah .ttaiia1 

morphological character to is fik to rePpcnRa 10ofs 

absolute jield. 	 eioal.f. 

http:plant.as


32j, 

In the last aa,sa'a farmers are interested in cash retuaund 

Table 6 shows total valuQ from maize, millet and sorghum mixtures, and 

includes results from another expeximent, comparing yields from 

mixtures of"All three orops. 

Thus, provided mixtures are cuitably chosen farmers can expect 

cconsistent gains from .the system. It is pertinent that farmers' around 

Zaria moitly use ex Borno millet and FFBL sorghume Combining a fast 

grosing, tall millet with a slower growing, long season, vozy tall 

sorghum. 

*Table 6, 

Value of grain yield from sole and mixed croa
 

.-.. .. 	 -Value (V 

I II XII I II III Total %p n 
Gh na , - - 240.5 (235.1 .. .. .. 
,Bo=* . - . .265.1. Q46.2 
B. .ocal - '.- 322.7 442.5. 
S. 123 	 6 403.7-"390. 


.o. 	 96 - - 346.5 300.6 
s.K. - -' 285.9 (298.81 

.-Ghana Roro - 118.9' 141.2 "-" 280.1 + 11.0 
B.looal .' 112.0 ' 164.2- " 276.2 - 1.9 
S. 123 - 122.4 187.6 - 310.0 - 1.8. 
o. 96 - 128.9 161.7 - 290.6 -. 1.,0 
S.K. - 143.6 155.0 - 298.6 + 13.6 

Boro 	 ,.local - 142.1 142.1 - 284.2 - 3.4 
' S. 123 -. 123.7 184,1 - 307,8 - 6.2 

0.96 - 137.0 157.3 - 294.3 - 3.8 
S.K. - 151.2 160.5 - 311.7 + 13-2 

Bilecal.'i' . 123 - 158.2,. 199.2 - 357.4 + .2 
0:.96 - 157.0 " 182.0 "- 399.0 + 1.3 
S.K. - 174.8 164.5 ' ", 399.3 + 11.7 

S. 123 0.96 - 183.0Z 168. .. 351.8 - 45
6 8S.K. - 222.9 137.8 360.7 + . 

0. 96 S.K. - 1 7.0 120.5 - 287.5 - 9.0 
Ghana B.1 ,al S.K. 96.7 111.9 130.0 338.6. + 4.0 

S. 123 " ' 96.0 151.6 '113.2 360.8 + 15.4 
0. 96 . 106.4 155.6 .121.5 343.5'+'37.9 

BDeno, B.ludl " 119.1 133.7i...119.2,: 77.0 +2.6 
'S.123 " 123.3 140.4 110.1 f73.8 + 6.9 

" O. 96 ' " 133.7 119.4 ' 84.9 338.0 + 7.2 
B. local S. 123 0.,96 1,60.8 170.1 170.7 501.6 + 31.2 
(Sole 	 ox-o values in brackets are for use in caloulating retwme from 
three orop',"ixtures).. 
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Optimum plant population for a crop is a balance between too 
small a leaf area# when most of the light penetrates the canopy and 
is wasted, and too large, a leaf area,, whAn mutual shading prevents 
effioient light utilisation.
 

- II. Inl the. trials described so far each component of the mixture 
was sown at a spacing which would have given an "optimum" population 
had that component been grown sole. 
However, because the components
 
grow. at different'rates the faster growing crop, which is above the 
canopy of the Slower growing crop, gust be considered at lower than 
optimum. Similarly, whilst the fast gtowing component is present 
the other crop is at higher than optimum, altbough reducing to half 
optimum when the first crop is removed* Thus one, or both, of the
 
cereals in these .ixtured should ;be sown at ,higher than sole crop 

,optimum if.the full potential of-mixtures'is to be achieved& 
0However, choosing treatments for population experiments is difficult 

as the choice will depend upon growth Tateb.and canopies of the' 
particular crops concerned. Since gain is associated with differene 
in days to maturity (whatever the real factors involved are) we used 
'this difference to set up treatments.
 

For example: Ina 131 mixture, with each component being grown
 
at a spacing for "optimum" sole crop population, the total popula
iion was considered unity for the.period of growth of the earlier
 
crop, and half unity for the remainder of the season. Thus, "mean"
 
vopulation over the season was defined as:
 

where M1 and 42 are the growing periods of the two crops in days, 

and P and P2 are the proportions of sole orop crop "optimum""
 
respectively.
 

Thus, for a 1:1 mixture of 0.96 maize and Short Kaura sorghum 
eao .sown at dole crop "optimum" spacing
 

120() + 160(M = '875. Treatments were determined 
P= 320.

by sAtn P1 m 1 for five levels of 1, the same for P2, and the 
resultant 25 combinations arranged in a rndomised block with ol* 
crops for each population, Results from the experiment, with 0.96
 
maize and Short Kaura sorghum, are given in Table 7. 

There was no simple relationship between P and % gain, or gross 
profit. However, whilst yield response by sorghum as population
 
increase behaved similarly to response by the. caorop, although 
with a higher mean, maize required a higher population in the 
mixture to maimize yield. Optinmippulation for sole'crop maizej, 
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Table
 

Yields of maize and sorghum in kR. grin ha"
 

Proportion of maize sole populaiion 
sorghum sole 
popalation. 

.53 .80 1.06 1.33 1.6. 
!65 Yield M 2541 3564 4411 2941 3987 

%g.in 1-19.6 2.0 29.0 - 2.3 27.8 
Yield S 984 972 1096 1146. 1022 
% gain 35.0 33.3 50.3 57.2 40.2 

.85 Yield M 2255 3414 4037 4760 3140 
% gain -28.6 -2.3 18.0 58.2 .6 
Yield S 
%gain 

1271 
58.1 

1196 
48.8 

1221. 
51.9 

947 
17.8 

1171 
45.6 

1.05 Yield M 2492 3688 4511 3364 3738 
% gain -21.1 5.5 31.9 11.8 19.8 
Yield S 1321 1445 1121 1420 1196 
% gain 57.1 71.8 33.3 68.8 42.e 

1.25 Yield M 2517 3314 3788 3775 408? 
%gain
Yield S 

-20.3 
1844 

- 5.2 
1595 

10.8 
1246 

25.5 
1221 

31,0 
1196 

% gain 101.3 74.1 30.0 33.3 30.6 

1.45 Yield 2791 2642 3464 3941 3838 
%gain -11.6 -24.4 1.3 - 2.3 23,0 
Yield S 1346 1371 1346 1246 1246 
% gain 35.8 38.3 358 25.7 32.3 

..e orop yields : Maize :3159; 395; 3420; 3009; 31*t 

Sorghum : 729; 804; 841; 916; 991. 

in this experimentl was .93 of that considered optimum, whilst in the
 

mixture itwas 1.28 of sole crop opti',am.
 

Greatest profit, given in Table 8p was obtained when maize 

population was raised to 1.24 times normal sole orop population 

whilst maintaining sorghum at the same as sole crop. -(It is 

interesting, although premature, to speculate as to the forn of a 
reeommendation, that V = I with these populations.) 
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Table 8 

iross profit in Naira from maize/sorihum mixture
 

Proportion of Proportion,of sole crop maize
 
.940 crop population


sorghum,
 
population .53 .80 1.o6 1.33 1.6o
 

.65 -520 .8. 49.3 ...-22.8 . 2346
 

:85 .-50-8. 41l . 37.2 58-8- -11,3

1.05 -36.0 32.0 55.8 14... .20.6 

1.25 - 5.4 21.3 25.9 23.9 38-h 

1.45 -19.3 -25.5 15.0 -17.3'. 28.5 

("A maize -.7168 + .7801P .2259p2; r 5eb ; r 2 .2101 

sorghum - *.2499 + .2798 - .3472 2 

"R. -.5128 + 1.7092P - 9004 ; r .4203 r .17671 . 

III, A series of trials to .support those at Samaru were initiated
 

at various State locations in 1973. Treatments were as follwas
 

Treatment 

1. " Sole maize 

2. Sole sorghum
 

3. Sole millet 
4. Alternate ridges maize and 8orghum
 

5. Alternate pairs of ridges maize and eorghum 

6. Alternate ridges sorghum and millet
 

7. Alternate pairs of ridgea sorghum and millet 

8. Alternate ridges maize and millet 

9. Altp--nate pairs of ridges maize and millet
 

10. .Alternate pairs of ridges maize and millet 
11. Alternate pAirs of ridaes of maize, millet and
 

sorghum. 

All plots were fertilised with compound (21:1414) at 570 k, ha 1
 

-split,n equal amount at sowing and four weeks after sowing.
 

Varie ;es.used were 0. 96 maize, S. Kaura 5912 sorghum, and ex.Beron 

millet. 

*Locations were Riyom, Kafinsoll, Pankshln, Yandev, Kuje, Gumel, 

Panda, 'Kadawa, 

(Logbooke and materials were not despatohed to Gumel, Panda and
 

Kadawa in1975).
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Rkyom
 

- ' In all throe years sorghum and millet failed; sorghum was
 
destroyed by leaf diseases in 1973, stem borer in 1974 and, although

producing good heads in 1975, these were badly affeoted'by smut.

Milet was .consistentlybad. 
Heads were formed but no'grain

produced, This had been reported as due to bird damage but was
 
more l lky Fusariun head blight. The latter isaa serious and
 
widespread disease of millet.
 

Yandev
 

33rghum failed in 1974 and 1975, and yielded poorly in 1973.

Maize gave good yields in 1973 and 1975, yielding very poorly in 
1974. Millet gave god yields in all years. 

Treatments results are given in Table 9
 
All Yields are given on an equivalent Prea basis.
 

Table 9
 
Yield in kg. grain 
 a.-1 for 1973, 1974
 

Sole 
" 

Maize Sorghum Millet 
2776 - . 
- 550 -

Maize 
817 

Millet Maize 
3015 

Millot 

Two crop. 1 
2 

-

5340 
2950 

-

1331 
1153 

2274 
. 
-

-

.. 
-

1494 -

. 
212T 

1 3079 
2 3153 
I . 
2 -

Three crop 1 2266 
2 2376 

-
-

1121 
758 

1952 
629 

2303 
2137 
3/7
2743 
2267 
2653 

1226 
952 

.. 
-. 

-. 

1679 
2021 

2305 
2239 

. 
. 
. 

2227 
-

S.e. maize 

sorghum 

millet 

;t 996 
± 406 

± 839 

+ 900 

+ 1071 
There were no significant differences in 1974 or 1975, 'as would
 

be expected from poor replication because sorghum failed. 
Maize 
grown with sorghum and sorghum grown with maize both produced signifi.
Ant .gain over sole crop yields in 1973. Millet shbwed no gain.
In no year did any crop show significant losses as a consequence 
of mixing. 
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Panda
 

Both aiize and sorghum failed in 1973 due to drought. There 
were no differenoes due to mixed cropping in 1974 because of veer 
variable yields. Coefficients of variation of maize and Milet were 
4 7, whilst fer-sorghum variation was 52%. Yields are given in 
Table 10. 

Table 10. 
Yield in kg, train equivalents. ha 1 for 1974 

"aize Sorghum Mllet
 
Sole 2841 1 "
 

- 1;98 
- - 159 
90 1;82 -

Two crep 1 
2 2195 1775 
1) 1259 "1582 
2 - 872 1549 
1) 124 - 1226 
21 2311 - 1175 

Three crop 1.11 2169 2712 1291
 
2 3202. o3357 

S.e., maize + 10061 sorghum ± 789 Minet 1 788 

Gumel
 

The trial was not carried out, in 1973 due to apparent non
'deli&Uvery of seed. Serghum virtually failed due to head smt. 
Remianing yields unreliable. Aocording to the logbook yields of 
m.llet ranwgd as follows: Sole crop - 6682 - 6875 kg. ha- 1 

mixed with maize from 7166 - 10846 kg gain ha°"I and from the three 

crop mixture 6972 - 12395 kg grain ha. "1 Plots had been laid 'out 
as rhombaids and itI. unlikely that nett plot harvest instruotions
 

had 'benfolowed.
 

Kafinsoli
 

Maize end sorghum railed inboth 1973 and 1974. 

Dembatta 

-Sorghum failed, and maize did not set grain in 1973. 
We
 

Mean yields were low in 19739 maize 1836 kg; sorghum 732 kg; 
and millet 933 kg. ha-1 grain at 1$4m.o. Results were again' 

,variable. Maize showed a significant loss when grown in double rows 
uith sorghum but gained when mixed with millet and sorghum. Millet 
also showed a loss when mixed with maize. Both sorghum and millet 
showed gain when mixed with each other. Yields are given in Table 11 
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Table 11 
Yields in kR. grain equivalents ha " 1973 

Maize Sorghum milet
Sole 18714 

R 674 " 
"-
 -, 1007
Two orop 1 1586 545 

2 904 670 
1 - 1258 968 - 549 1432 

1727 
 - 674

2207 - 1049

ThZee orop 1) 2023 807 9092 2534 621 912 

(S.e. maize ± 74; sorhum + 191; millet 324)+ 

The 1974 trial at Kuje was designed ti compare yields frgm all
 
.Mixturea of two sorghum varieties (R 
 960 and SIC 5912' with two maize
 
varieties (fmo 
 local and 0.96). All mixtures were made with
 
alternate rows of each or~p.
 

R. 960 failed in both years, whilst short Kaura sorghum yielded 
very poorly as a.:sole crop. Although no treatment was signifioantq

variability being very high, 
 there was a oonsistent trend for mixtures
 
to yield more than sole crops. Yieldd are given in Table 12.
 

Table 12 
Kg. grain equivalents ha.-1 

1974 
 1975
 
Maize Maize Sorghum -Maze.maize Sorghum

BL 
 1830  - 612 096 
 3486 -


- 1063 -S.K. - - 420  - 1773.1. + S.K. 3067 - 904 741 355.1.+ 096 2357 4261 
 - 1063 966 096 + S.K. 4132  710 
 1611 258
 

s.e. B.L. ± 765; 096 ± 1296; S.K. ± 364 
Kadawa 

Millet failed in 1973. Yields for maize and sorghum are shown in 
Table 13.
 



Table 13. 
Yields in k.z!2ain egivalents ha "1 

, Maize Sorghum
Sole .273 

- 3163 
Double crop 1 2453 3422 

2 4196 1549 

s... maize±I85g; eqrghum±: 824 

,Treatments owed no significant differenoe. 

The 1974 trial was ureliable due to oeveral miuiaug p24* fA 
miAcellaneous treatmont-. 

Pankshin 

Both millet and sorShum failed in 1973. Remlate,.f m 1975 
,re given below in Tablo 14e. 

Table 14 

Yield in kg. ggai ha."1 for 1975 

MaJize Sorghum llet . 

Sole 4912 
-
-

-
1100 
-

-

295 

Two crop 1 
2 

5186 
5240 

595 
821 

-
. 

1 
2 
1 
2 

5368 
3161 

-
-

-
-

906 
1787 

212 
96 

396 
272 

Three crop 1 
2 

5205 
5402 

1464 
'1416 

91 
227 

(.e. -maize 1 8341. corghum + 356.millet ± 91). 

Millet yielded very poorly, There were no aiRnif'cat 
differences between my treatments. 
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IV. Time of application of Nitrogen and mixed cereals 

Because there is evidence that millet takes up nitrogen very 

early and, in amixture of-millet and sorghum, with detriment to 

sorghump an explorator7 trial was done at Samarii in 1975. The trial 

compared four treatmentst. 

al 'All nitrogen applied at sowing'
 
b .half at sowing, half at 3 weekz after
 
b half at sowing, half at 6 weeks after
 
d at sowing,# at 3 weeks and * at six veeks.
 

600 kg. nitrochalk ha.- was applied as total nitrogen. All
 

were given a basal dressing of .3Q0 Jg. ha.- single superphosphate. 

1 are given in Table 1Yields in k. grain ha.-


Table 15
 

Maize 0 0+ 3 o+ 6 0+ 3+ 6
 

Solo * 6547 6653 6950 6825 
+ S 5603. 4899 5651 5809 
+ mi 6621 6330 7554 5809 

'Sorghum 	 0 0+ 3 0 + 6 0 + 3+ 6
 

"Sole 2241 3247 2646 2386
 
+ ma 1487 .:1867. 1642 1304
 
+ mi 2664 2812 3270 2368 
Millet 0 0 + 3 0 + 6- 0+ 3 + 6 
Sole 1766 1799 1771 1537 
+ ma 1319 1408 1537 1619
 

-.+ S. - - 1540 1804 " 1502 1518
 
+ 

s.e. Sole, mixed. Maize + 1567 

Sorghum ± 1091
 

Millet 
 433
 
s,e. Time of app. Maize * 458 

Sorghum ± 401 

Millet + 294
 

Although results are as yet unclear both maize and sorghum
 
gave indications that better response to nitrogen were obtained in
 
mixture with millet when the fertili.:r. was applied later than sowing*
 

V. Mixed sorghum varieties 

Experiments hitherto have demonstrated that gain in cereal
 

mixtures is assooiated'with better light utilisation becqune of
 

different "anopy struotures produced by different times of harvest.
 

Different canopy structures can also be produced by mixingvarieties which
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mature at different heights. In this experiment seven varieties of 

sorghum were chosen for different maturity periods or heights at 

mturity, and mixed in all pAred combinations. The varieties wero 

a) R 960 106 days to maturity; approx. 1.4 m. tall at 
harvest. 

b) R ZI 	 137 days to maturity; approx. 1.5 m. tall at 
harvest. 

o) Var. 187 160 days to maturityl approx. 1.5 m. tall at
 
i harvest*
 

d) Var.1412 	*160 days to maturity approx. 1.6 m. tall at
 
* harvest.
 

e. Var. 181 160 days to maturityl approx, 1.8 m. tall at
 
" harvest.
 

f). S.K.5912 	160 days to maturity; approx. z.5 m. tall at
 
harvest.
 

g). FF. BL. 	 160 days to maturity; approx. 4.0 m. tall at
 
harvest.
 

"
Yields in kg. grain ha. 1 (equiv. seua) are given in table 16.
 

Table 16.
 

Yield ha.I equivalents ink. grain
 

Grown with 

R 960 RZi 187 1412 181 SK FF.BL 

R 960 1134 1235 1566 638 1017 1091 549
 
R ZI 1066 1101 1305 647 792 757 565
 

187 2294 1908 2506 1929 2396 1927 1162
 

1412 1659 1024 1641 1796 1611 1549 932
 

181 1662 1710 2374 1494 2341 1773 1129
 

S.K. 3207 2451 3482 2781 2352 2688 2334
 

FF.BL 3463 3086 2971 2750[ 3826 3156 1977
 

Table 17 shows yields as percentage gain of sole erop.
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Yields a percenaea n folecro
 

Grown with
 

R 960 RZ1 187 1412 181 SK FF.BL
 

1 960 - + 8.9, +381 .-43.,7 ..10.3 - 3.9 -51.6
 

R ZI - 3.2 - .+18 5 -41 2 -28.1 -31.2 -48.7
 

187. - 8.5 -23.9. -23.0 -'4.4 -23.1 -53.6
 

1412 - 7.6 -43.0, - 8.3 ..10.0 -13.8 -48.1
 

181. -29.0 -27.01 + 1.4 1-36.2, - -24.3 -51.8
 

S-K +19.3 - 8.8 +29.5 + 3-5 j -12.5 - -134
 

-+39 1 +93.5 +59.6 
FF.BL. +75.2 +56., +503 

Detailed analyses have not -been made and the following 

general statements require confirmation from repetitions of this 

experiment. 

a) 	 Var. 181 does not Lpliear to be suLted for mixture. All 
varieties, except F'.ML ihowed lesses. when grown with 
Var. 181, an. "ir, 181 sh'ied consistent losses - with all 
other varieties, va ...Va 187 

b) 	 FF.BL. showed o .niderable gain when mixed with all other 
varieties aitough all other varieties, except S.K. 5 912l 
showed significant 1 sse when grown with FF.BL. 

VI. 	 Experiments designed to investigate the cereals/groundnuts 

mixture cf
I 
the secondi year if the cropping system desoribed were . II 

very much simpler, consis+ing each of four replications of 

randomised block.
 

Sowing data was au, used as a -ariable in the 1974 and 1975 

trials but is to be included in ad,ibtional trials of 1976. As with 

egreal mixtures, maize was included, and for the same reasons. 

Ihesq were seventeen treatments, in fcur groups:
 

i) Sole groundnuts sown 23 cm apart on 91 cm ridges; the 
same but with groundnut not sown at intervals of 
either 1.37 m. o 2.74 m.
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11) Maize (Samaru 123) 2.r milet (Ex Ghana) 2r sorghum'.l(Short Kaura) sown inplaoe of groundauts at 
± tewal o,i.'37 m or .2,474 Malong the ridge-'+ 

iii) oombtnations 'of' pairs" 'mize millet andsorghum sown alternatively at interval of' 1'-37 m or 2.74 ma' the ridge. 

v), Maiz., 4millet and sorghum sown in sequeneb'at
'interval of 1.37 m or, 2.74 mna ng the rdge.: 

The groundnut variety used va ,Samau ,38 and all ;e.erimenic
werb diven a seed bed dressing of 300 kg. h'i..supe.rposphate,.and 

- 10.5 .geha boron. In*addition, the lumgioide "ben wa,
spm~aedii t control Cer 
 sporr. leaf spot -although .this sr, yas

inadequately' given in 1975.
 

Yield.s of gpoundnut, as unshelled outs, and oereale asa grain 
at 1 .. ,,iven. .,e91in Tabl. k together with total'
 
value in Naira.
 

Removing groundnuts from soje groundnuts at intervals' ef i3 m 
or, 2.74 had no ef±cot . o 

yea 7" o.a+ve_ , replaoin' gremdzwt at these .ntervals with'a 
6real sigifioantly reduced yield of groundnut. 
Mean yield of sole
 
groundnut was'2028 kg. ha.1 
whilst ,-i yield of interoropped
 
grouidnuts-was,'1699 kg. 
 ha. ,;with oereals at 2.74 m, and 1484 kg.ha 
with cereals at,.137 m.... ...... ,., - -

In both years sole, groundnut produced sig'ificautly less' *asli
 
return than mixtures overall. Lole groundnutb gatwng N443 + 2705,
 
and mixtures overall giving #550 + 12.8 in 1974. In 1975, despite 
the much increased .Vrioe of groundnuts, mixtures overall gave 
#268 + 5.2, signUficantly more thtva' sole' groundnute, which gave 
#214 12.7,.. Clearly, gicci interoroppivE 'fcereis is highly
profi-t4ble as well as- spreadinE
• risk of poor p 'yields.'
co y .e.d
 

These experiments also irdioate p~esible means of imprving 
the mixture. Farmers frequent'.y sow "gic:A" with as muo!0,e43 M. 
between'lines.''of cereals; "ts approximates to the wid paoing,: 
used' n .these trials.' Closing up the spacing by half sh9wed gains
 
in both years over' normal praotice. Overall, mixtuS gae61+,, 

, ' . t18.0 and'2499 + S5, 
. . .. 

18.0 for' close and wide spacip n 
' 

1;7Ij re4, ei 4vem 
equivalent returns from 1975 were 280 +, 7.3 and 1255, ± 7.,,,,, 

In neither year was there.ay dfferenoe between'retU.n'f,6 
T - , 1r t r fr ... 

mixturis of double, rll. "q'rcereals. However the"very, 



24.
 

*wariab'ler..al yields mJ: t.hat mi:%tures wiza more than one 
oereal gave .greater seoutity, In' 1974 solghum almost failed an& 
mennt thdt mixtures includipg sorphpshowed no gain-odr sole

wI-,u-. In.,1975 milot.71ielded poorly and' sorghum yielded well. 
In neither year did eithur orop in th9 mixtures result *Insignifi

ger,.Bs oLbthyoantly.'oIer, ;eturns :than the 

Mix't 
with all 'three neieml 
'wasmost consistent.
 
SPinal 
 would the equivalent areas of the oirops grown sole
 

ha4 eLgiven greater returns? In the mixture at .ologo spaoin, th~ 
cereals ooupied 16.8) of the land nn grcuqdnut 82.,wh1l . 
at"wide" spacing they oooup'id 8,.L% and 91.6% respqqjvely..,, able 18 
shows cash returis from sole crop groundnut and cereals ookyared with 
,tho mLtures using avere yields of .. 2000 kg. millet, ...3000.Xg. 
sor8.. m,.4nd 

. . . ,
50O ,kg. maize ha*- "i. each 'year. - Groundnut yieldq 

-are those ol'bred in thece experiments, as are returns from mixtures,. 

'Tabie 18 
Cash retu ,is from mixtures '(wIthall':thre6 cereals) compared 'withestimated returns fromequivalent areas of sole ms 

Sole Crops Mixed Crops,

1974. 1975 'Nean. 1974 1975 Mes"' 
Close spacing 9437 9220 N328" i60l" #255 
,!ide spacing 9434. ,236 335- *4499 I:V280'- 39.o 

Thus the systemS mre -profitable than, Sole orops, oan'be 
improved by SO.d.g.cereals at-: oloser spacing than normnally ' 
and can be made more. secure,.by9including: the third oereal'#' maize. 
This will give 44diticnalgTa#. in the middle of the:season, or 
more cash by being soId green.
 

VII. -%Finally'the'thL-d year O'f thesys t, wher9p the remphasis is, 
On thet,..or o cottonh and'cowpea. Co tlonand.owpeaareno mally 
sown .Thte In the year, generally July prAugost This.p,daJo. 
lowte reoxmasatjon for June sowng. rs are not.prpare&

'~Ieav lad usd until'this time aadiJt is pot p9psJ bl.e ov 
SOW oottonattceel uhlea's the cereal is harvested before 
mat?4rity,_Oualeos, the cotton'Is sown much 'later than optimal.1 
This latt~r-isioftqu normal priaotio'6 smobgat farmers, and, beoauee 
lower yields are obtained,9 spray regiLmes are uneconomio. This
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experiment was designed to determine whether cotton could be sown
 
earlier# within the cereal, so as 
to obtain the benefit accruing ftom 
early sowing, and whether spraying with insecticide wquld then be 
economic. 'urther, since farmers often grow cotton and cowpea 
mixed, both cowpea alone aadmixed with cotton were inoluded as.
 

rely ',reatments.
 

ITher were thrtee ain treatments; either mill~et or maize aa
 
the early oere4l, or7 no coreal 
sown at all, Each of these InoluCed
 
the following four treatments:
 

a) 'Cotton alona sown withinithe cereals, or; where 
no cersel had been sown& grown sole as a normaljezope 

b) 	 Cowpe alone ,.own within cereals, or, where no 
cereal had ,been sownu grown sole. 

q) 	 Cotton an1 oowpea grcown in a 2:1 ratio within the 
cereal; i~e. cotton under-sown on two ridges, 
cowpea undersown on one ridge. Tho same mixture 
being alae sown-without being pneoeded, by a 
cereal.
 

d) Cottcn'and oowpea grown in a 1:2 ratio within he 
cereal; i.e. cotton under-sown on one ridge, oowpea
undersown on two ridges.' Similarlyr where, no cereal 
was present 

There were vo bloc~ke of these 12 treatments (3 early x 4 
relay), one was proteated'against insects by U.L.V. spraying with 
endosulfan, the other not sprayed. 'Where cotton or oowpea were 
not 	mized esch was sprayO. six times; Ith cotton and oowpea mixed 
they were sprayed_.foux times. 

Both millet, var. ex.-Bor.o in 1974, and 197g and maize, var. 
BS 3, were sown 23 cm. (9") apart along 91 cm. (3') ridges, and 
both were fertilised at sowingowith;627 kg, ha. (5 cwt./aore) with 
the 	compoundfertiliser 20:10:l0uH:P:K. 
Both were sown on
 
7th 	June, 1974. 

Cotton, Samaru 	 1 8 t#71, was sown on July, at 45 cm. spacing 
either alone or beneath the cereals on the same ridge, otton was 

fertilised with 188 kg. ha.- (156 ib./are) bornated.R~stioa 
oompound rertilise'-. (12:12:17:2:sN:P:X&g plus 0.)6%B) when the 
cotton was sown.
 

Covpeat local Farinwake, was sown at 90 om.spaoinglalong the 
ridge either, alone or beneath the cereals on the same ridge, Cow
pea was, not given additional fertiliser. 



Table 19 
7iield of G'nut (kg. unshelled nuts); cereals (kg. grain at 14% m.c.) ha. "I total value (G'nut #214.55** andmaize X1I.20, _sorghum !ll.19 and millet '415.78 P.r 100 kg.)

N13.78* 

Groundaut-
1974 .1975 Mean 197ai7zeen19_____Men_97_975 Mean .1 9 7 4 -1975 Me 1974 :1975 Mean gain 

SoleG ~nut 3219 837 2028 
2.74 

-1.37 
3291 
3132 

797 
976 

2044 
2057 444 -205:325 

432 240 -336 
+ m 

m. " 

- 2.741.37 
- 2.74-1.37 

26292228 
232321447 

904 
--7 
673708 

17661466 
14981578 

1332 400 8662346 -840 "1593" 

1150I2486 116182 633A1334 -

498546 
502729 

.329412 

.203 

413*479 
466 

+27.1+47-40+43.4 
+ SO 

Ma ++70s4+" 

ml 
" + 
Mi + so 

Ma, mi, so 
" " " 

- 2.74 
- 1.37 

- 1.37 
- 7 
1.37 

- 2.74 
" 1.37 
- 2.74 
- 1.37 

2515 
2609 

1970 

2974 
2254 

2961 
2257 
2175 
2316 

766 
668 

638 

737 
667 

733 
603 
862 
701 

1641 
1639 

1304 

1856-
1460 

1647 
1430 
1519 
1508 

1 

867 431 659 
703 200- 752 

1032 281 656 

545 1550 o 
606 185 396 

722 
1840 

1216 
795 
1939 

252 
338 

;70 
96 
38 
58 

487 
1089 

6 
656 
416 
998 

1245 

1615 

322 
686 
125 
259 

7 
1391 

46756 

T-

310 
710 
224 
484 

428 
1318 499 

426-852 49 2 
59 

- 706 
316-'58 
-698 580 
-174 495. 
-371 715 

-729274 351 
320 409 

8 358 
241 418 
246 476 
226 .3a7 
243 411 
25 377 
254 485 

+ 6,0 
+25.8 

"+ 7.1+17.2 
+26 
46.5 
+19.1 
+26.5 
+16.0 
+49.2 

(#13.78 1974 value • .55 1975 value.. Mean * value based upon these). 



Table 20 

Tr amn-a S Dra ed -" Unsprayed -- '
 

EcraC~~~~~xaC7~wp&aCeea C%%Careal . Coto .Cowpea 
197/4 1975 Mean 1974 1975 Mean. 197/4 197'5 Mean 1974 -1975 meam- 197)4 1975 'mean 

owea .---- _.__.__----------- • otn. Cowpea -

-
 -ne 2828 2172 5 
3316 
2712 


:: 1 2885 
31 

37 2t
2,282 2634 
-21 


227 178- 202 80 661 570 19 7
" - " 3086 r i2 2799 65- 91 78 36 18:85 22"OS . 2 196 285- 242922199
t-1824-2.0 78 74 96 85 955
- 62 -23)4 196 215maize--- - -
M2 ---- 788 1097 94L* -336 5 187" 
3 572 4664 5196 230 300 265* - . .. 
6 

..
" " .11 5569 4592 5080- 122. 2/45 184 
"
 

2 5727 4521 514 7 207 810 508 290 89 12332 80 62 95 74 9 2761 2543 61 40 5174 -78 82 61 2 13.* 5 6 2-------- I;_ - - 6 9 
Snone 1933 345 26- -190 

3 'i-- '
' 
-
2- ' ' 
" .2 12 -" - 2 " 3
- 11 - 190:
S1
2" 
 - 703 531
2281 142 
617 713 1082 o98 /465 233 349 "46 28 '37212 1
1123 1231 1177
:." 3 " """ -

2 3 9 3 182 99 140 3 .. 7 2- 1189 1358 1274* 7 7 2 

*,,Sprayedsix fmes)
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Cereals weze sown later than normal s" a result of poor early 

rains. Thue the overlap between sowing of cotton/oowpea and har

vesting of each cereal was longer than wight normally be expected@
 

These 	were 49 days for millet, harve ed on 5th September, and 70 

days for maize, harv.sted on 26th September. 

Yields from these crops and mixtures are given in Table 20 
and the natt value per hectarep after deducting ferti.iser and 

spraying costs (but not labour),axe given in table 11. 

Yield 	of cereals was totally unaffected by the later sowncrop. Yield of cotton was greatly affected by reln~ying and showed 

no compensation for'a reduced population in a mixture. Cowpea# 
although affected by cereals, showed considerable compensation
 
when grown as a component in a mixture. Further, and of great 
interest, unsprayed cowpea when sown relay gave very much higher 
yields than unsprayed cowpea sown alone. Observations suggest 
that the vigour of undersown oowpea was so much reduced by early 
shading from the cereal that oowpea plants were less attractive to 
the pest Maruca. This pest caused almost complete flower bud shed

ding in unsprayed cowpea sown alone. 

Table 21 gives nett cash returns per hectare pricing .otten 

at i9.84P,cow'pa at t21.65,maize at t910.20 and millet at #15.78 
per 100 kg. bag for-1974. 

Spraying was costed at 7.05 per applications; .32 for the 

six sprays given cotton or cowpea sown alone, with or without 

cereal. All fertiliser was cosed at a rate of ?N200/tonne. 

When deducting spray-cost for cotton and cowpeain a mixturo
 

the appropriate proportion was deducted from each. E.g. I of the
 

cost of spraying was deducted from the value of cotton in a 21
 

mixture, .of the cost from oowpea.
 

Conclusions:
 

1. 	 Neither cotton nor oowpea, sole or mixedp sprayed 
or ,unsprayed,gave nett returns which compensated 
for the absencecf an early oereal.. 

2, Because yield of cereals, which contributed he largest 
amount of nett value,!was not affected by relay ciop. 
ping, all mixtures gave greater nett retunis than 
cereals alpun except when sprayed .cotton was the only 
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Table 21 

Nett value of crops and total returne/ha. 1 

Trea1ent Sprayed Unspreyed 

Cor. Cott, con, 3 Cott. Cowp. Total Cott. Cowp. Total 

Mi - 418.33 - 18.33 - - 418.33 
.3 418.33 -19 .44 - 393,89 22.26 - 440,95 
2 
I 

1 
2 

418.33 
418.33 

1.56 
8.85 

94.53 
142.72 

514-.42 
522.20 

14.37 
6.49 

42.87 
50.66 

475:7 
475.48 

- 3 418.33 - 128.29 546.62 - 79.89 498.22 
MM . - 517.45 - - 517.45 - -. 517.45 

3 
2-:-

-
1 

517.45 -19.62 
517.45 -28.69 

-
35.18 

497.83 
524.18 

3138 
32.85 

-
50.44 

548.83 
600.74 

1 2 517.45 6.26 155.88 627.07 6.10 .69.28. 592.83 
" . 3- 517.45 - 90.40 607.85 - 74.69 592.14 
None 
" 

3 
2 

-
1 

-
-

150.97 
96.00 

-
140.27 

150,97 
236.27 

149.63 
67.57 

-
9.96 

.. 149.63 
77.53 

1 
-

2 
3 

-
-

34.00 
-

217.11 
215.11 

251.12 
215.11 

23.77 
-

8,01 
0.43 

-.31,78 
0.43 

other constituent of the mixture. Yield of cotton 
was so affected by relaying that spray costs were 
not recovered and sprayed cotton lost money, 

in all cases, whether sprayed or unsprayed, cowpea gave
good nett cash returns except -t.9a grown unsprayed
without a preceding cereal. This crop failed. 

Thus 	 Even in a season where the late start meant a ?onger than 
norual overlap between cereals and the relay orop, a system
of cereals relayed with cowpea proved very rewarding,
partioularly so if maize were the preceding cereal. 

VIII. 	 One of the reasons why cotton relayed with cereals does not 
do well in mixtures is that emergence and subsequent growth are poor 
if sown under a well established canopy. Earlier experiments argued that 
the shorter the overlap between the cereal and cotton the more chance 
cotton 	has of establishing and producing a yield. In a second
 
experiment cotton was intersown at different dates within cerepi s 
of_different maturity periods. Sole crop cereals and sole crop 
cotton for each date were also sown. One treatment, hitherto not 
tried, was.to sow cotton very early, with the cereal at the same time 
as the cereal. Te argument being that although the cotton will be 
more effected by oompettitionor -light .than later sown cottont the 
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very early sowing may give a compensating yield due to growth 
before later so0wp cotton.
 

Mean yield, with values, are given in.Table 22. 

Table 22.
 ,_ 
_n - .1 
 I t. "
 
Yield of ha.- and 2eed cotton kj. ha, total value

(All cereals sown 30th May 1975; ootzon U30,81. per.I00 k.). 

o .Cotto;owni
cereal 30-5-75 20-6-75 11-7-75 1-8-75 

E...Ghana.... 1527• 1519 1470 1375 . 1456
Cotton - .19447 142
 

Ex. Bornu 1748 . 1473 1605 1435 1544 
Cotton . - . 687 -363 - 306 113 

# ' 276. 444':,, 365 321, 278 
R 960 1096 " 1356 1236, 1245 
Cotton W 506 82 3 -. 0 

# 123 267 177 150 139 
Bomo local 49B3 I 279 475 5397 5248 
Cotton - j 600 326 108 77 

# 499 6-14 559 586 542 
Sole cotton - 19 

585 
(362) 
(111) 

1254. 
386 

822 
253 

It is clear that soving cotton early at the same time as 
co;real holds promise. 

Cereal yields were not affected by cotton. Cotton sown at
 
the spe time as cereals showed better establishment and growth
 
kept pace with cereals for the first few weeks. Cotton habit
 
mixed was completely different to sole cotton., Plants bore fewer'
 
and shorter branches, fewer boils, were etiolated, and lodged 
heavrily. Table 23 gives mean plant date for sole cotton 
sown on 30th May, and cotton sowa within ex. Ghana millet.
 

Table2
 

Height No.. Branch. No. ..Cm.br/ Yieldcm "'Branch length bolls boll
 

Sola Cotton (30-5"5) 160.o 23.8 2.8 31,7 20.0 189
 
-
,Rx. G. Cotton 30-5-75 .:,'.111.0 : .18.1 13.4 16.9' 15.3 1236 

..,_.20-6-75 r .73.7. ,14.5 9.6. -11.1 12.6 40711-7-75 57.0 14.5 10.3 9.8 15.6 419 
" 1-8-75 62.2 151 9.7 9.3 15.9 142
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A th u the earl-ost sowing of ootton was before the and 
of. the olose esason (15th June) undersowlng cotten in cereals at, 
or about, this time will remove the weeding bottleneck to nowing 
eotton in late June or early July. Furtherp boause o the 
chaW of habit of the plant it may be possible to inorese yields 
further by increasing poplation, of oottn sown within cerealse 
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Rotation and Segienoes
 

Only one experiment, begun in 1972, is carie, out under 
this head. Th4s trial is 'devised to determine the best sequence 
in which to grow sor3hump cotton and groundnute
 

Results to date continue to demonstrate that the best 
sequenoe, in terms of crop yield io groundnuts, sorghum, cotton: 
Yields are given in Table 24. 

Table 24
 
Yield in K. ha." Sorghum Grains, Gromdnuts
 

Unshelled nuts and Seed Cotton
 

Crop 1972 1973 1974 1975 Total Mean 
Following Following Following 

Sorghum 3095 Sorg.2474 
Grnt.3563 

Sorg.2048 
Grnt.2819 

Sorg.1236 8853 
Grnt.2071 11548 

2213 
2887 

Cztt.2982 Cott.21449 Cott.1886 10412 2603 
G/nut 3408 Sorg.2292 

Grnt.1454 
Sorg.1344 
Grnt.1231 

Sorg. 523 
Grnt. 367 

7567 
6460 

1892 
1615 

Cotton 1545 
Cott.2181 
Sorg.1584 

Cott.1280 
Sorg. 933 

Cott. 584 
Sorg. 851 

71453 
4913 

1863 
1228 

Grnt.1025 Grnt. 809 Grnto 467 3847 962 
Cott.1126 Cott. 658. Cott. 503 3832 958 

Mean 
Sorghum 
G/nut 
Cotton 

3095 
3408 
1545 

3006 
1976 
1245 

2439 
1285 
800 

1731 
491 
607 

- -

There are six sequences of interest from 1973. 
These are
 
shown below with total value of crop over the three year 1973-1975.
 
(Sorghum #11.19, Cotton N30.81 md groundnut 1424.55 per 100 kg).
 

1973 19717 
 1975 Total Value
 
*Sorghum Cottun Groundnuta
 

3563 933 
 584 829.5
 
Sorghum Groundnuts Cotton 
 807&5
 
2982 
 1344 
 467
*Cotton Groundnuts Sorghim 1034.0 
1584 1280 2071
 
Cotton Sorghum Groundnuts
 
1026 2449 
 523 718.6 

Groundnut Sorghum Cotton ' 
2181 2819 851 1113.1 

Groundnut Cotton Sorghum
 
2292 309 
 1886 1023,0 

Regardless of whioh crop began the sequence, greatest total return 
was obtained from the order: groundnuts, sorghum, cotton (*) 
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The .zPG=LmM sBo anmoittea a conia'tent linear 
deoline.An yipld of all crops with timep regardless of 
equenee. The diagram below shows this with crop yield in 

1973 given as 100)6 It is to be not6d that the slope of the 
decreasing yields Am almost identical, which argues that the. 
deoreaso with time is independent of orop, and thus of 
disease and, probably,nitrogen level. 
The very low leveli 
of fertiliser used (current reomzendatlon for eaoh crop in 
each year) are clearly insufficient to maintain yield. It 
is particularly likely that the lew phosphate leveL used 
contributed largely to the decline in yield with tlme, 

It is intended to mdi the trial In 1976 and attept 
to arrest, it ziot wvexss. the dBeOLLzi yiJeA.. 

http:deoline.An
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Weed Scienoe investigations 

Introduction 

There are five major projects in this field: 

1, General weed control 
44. 

ihoe ferming eybteis, "' 

'2. General weed control in s 1amldraught rarming ayst;a-. 

34 General weed control in irrigated farming systems, 

.4f Contr~l'of.Stria and related speoio'-'o tiyes 

Ar Control pf 9myerataWlindrica., 

There Is no formal researon into the weedproblem STge 

seals."chaniped sric"ula. beeause 

a) The resultd from projeo"s 2-4 can be sealed up 
.cd applied in, mec;aaieed soiemes. 

b) 	 Much of the research conducted in similar eEo]lgisaj 
zones abroad can be adapted to mechanised agrJiulture 
in;Nigeria with little: or no'researoheffoit " 

I. 	 .General Weed control !m hoe farmring systems 

Research' in this project started in 1967 when trifluralin 
fluomqetaron qnd paraquat were iapplied in cotton"at seven"sites. 

The results were published, andlshowed tha."gocd weed oontr4 was 
' obtained at most sites and that the'hoe weedng 'task 'of te 

famers could be reduced during the period of peak labour demand* 
There were, however, serious problems which'have delayed the " 
-introduction of herbicides into hoe farming praitice. Paaquat 
was 'oo poisonous and fluometuron too persistent for 'use by hoe 
'farmers.. ,rirluralin needs incorporation for optimum activity 
and was not then commercialised in Nigeria.'* The major problem. 
was however to. find a simple. method of application Whih could lo 

-used by farmers. Surface active' herbicides applied with knip- ' 
sac*!sprayers!need et least 220 I/ha (20 gl/ao)"of water°. 
Village'water supplies are very low at the beginning of the 
rains but, even'where they are adequate the task of' carrying'ad 
applying a, nimum of 220 ,kg of water/ha represents a' majoi' 
addition to,,the farmers.work-load during planting time. For these 
reasons the high volume application' of herbicides iis iikel -to.'be 

confined -t. high value crops n irrigated sites. 
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Granular herbicide application 

Subsequent researoh was therefore based on the application
 
of gr-Mular formulations. Three tYpes 'f granule have been used:
 

1. Mauufaotured granuled intended primarily fpr. application
 
in Small amounts by machine. There formulations are not always
 
available and are much more expensive to buy and transport than
 
the wettable powder (wp) or emulsifiable concentrate.(eo) formu. 
latie normally used for high volume applications. The small 
bulk also makes the manufactureii 'ranule more difficult to spread 
oveaily. by hapd-but they have been used eiperimentally and usually 
give better weed control than equivalent dosagges of other granular 

formulafions. 

2.' Sil granules made' at. village level from wettable powders O 
emulsifiable concentrates. These are poter'ially the cheapest but 
appropriate technology equipment has not yet been developad ner
 
have hand mixed formulations performed very well.
 

3.., Granularertiliser mixed with herbicide, 'herbiliars'. Thee 
oan,either be made et the fertiliser factory from technical 
material or from the wp or ec formulations at the fertiliser sel
ling point. These are easy and cheap to make on single supero. 
phosphate and low N compounds.i The cost of transporting the 
herbioide is,negligiblo because it is absorbed in the fertiliser 
transport, cost. .The .large granule size and considerable bulk of
 
fertiliser make hasd, broadcasting simple and easy. There is 
 one
 
major disadvantage to herbiliser use by hoe farmers. Rapidly matu-

Aug crops.responding t o, placed phosphate may not respond'as well 
to,the broadcast phosphate in the herbiliser. Another disconcer
ting characteristic is that on phosphate-responsive soils there* 
may be a detectable increase n late weed growth caused 'by the 
weeds responding to surface applied phosphate when herbicidal activity 
has ceaaed.. This is unimportant if the dosage applied reduces the 
,hoe weeding task. ,uring the peak labour period and does not 
substantially !inorease it later: in' the season. 

VLV application
 

The principle of herbicide application in ultra 2ow volume 
is te use large droplets moving accurately at a controlled speed 
on a predictable path. This is the exact opposite of ULY insecticide 
application where very small droplets drift in the wind onto the 
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target organism. 
The vollme usually applied with herbicides is
 
10 1/ha in contrast to the 2 
1/ha used ith inseoticides. For 
this reason the term 'very low volume' (VLV) has been introduced
 
for -this type of herbiuide application.
 

Two models of spinning disc VLV sprayers can now be obtained
 
commercially ead 'flowable' formulations are marketed for VLY appli
cations. 
The most important technical innovation is the introdud
tion of!pI.tobland oil adjuvants which enable any wp or so formula
tion to be applied inVLV. They also increase the foliar activity
 
of soil active herbicides. These characteristics make VLV appliea.
 
tion of herbioides particularly suitable for hoe farmers. 
Future
 
research will therefore attempt to produce 'LV recommendations in
 
addition to granular recommendations for hoe farmers crops.
 

Ob.eetive of tne hoe fargi
 

Based on the results of sooio-eoonomio research the objectives
 

were 	defined as follows:
 

(1) 	To reduce the demand for hand labour during June and July in
 
hoe farmers' mixed and sole crops.
 

(2) 	 To leave no potentially harmftulherbicide residues at tnu
 
end of the rains.
 

(3) 	To fulfil (1)and (2)above without loss of orop yield.
 

(4) 	To devise herbicide application methods which do not increase
the farmers' work-load uaacceptably at any period during the
 
season.
 

Qooio-eoonomic observations and formal experiments have shown 
.Loat.the main labour demanding operations in traditional hoe
 
'arm~tng are 

a) the first hoe weeding in cereal crops planted on the 
early rains with traditional minimum hoe tillage

and b) ridge splitting to prepare the land for late planted crepes.,. 

Research with granular formulations has developed the use of 
'pre-plent-broadoasti applications. These are applied over the
 
whole surface of last year's ridges and Aurrows before the rains
 
start or imediately after rain but before weeds have germinated. 
The early cereal crops are then sown on the top of the ridge; 
(mowIng in the furrow involves a later ridge splitting which would 
defeat the purpose of using a surface active herbicide). Similarly
 
the later sown cotton and gromdnuts are 
sown 	on the tops of existing
 
ridgen instead of on newly made ridges produced .by,ridge splitting.
 



Pro-plent-broad ct appliottiona are Probably the oly way in 
%.hloh Waaular formulations can be used to reduce or eliminate the 
m aor early weeding operations but VLV formulstione can be used 
much more fletibly beoause the. high ooitaot aotivity makes :At pos-. 
sible to kill weeds which have already germina,ed, 

Pra-plant broadcaut applications are very selective because 
h~h dosages of herbicide are often actively killing germinating

weeds long before the crop is 
 oown. The activity of the original 
do;dge is reduced .considerably by the time the crop is so-n and this 
increases orop safer. 

CoRnlete weed control is undesirable on ridges because the bare 
surfaoes erode and the ridges need rebuilding during the peak labmar 
period. The correct dosages applied uniformly with rather coarse 
ex-anules can give a quantitative (up to 9C%) reduction in weed bulk 
whle still permitting suffioient weed cover to develop to stabile 
the ridge. 

Zcnal teating 

The composition of tne weed flora on hoe farmers' land varies
 
in response to many factors amongst which
 

1)Soil type

2 Zonal climate
 
3 Age of cultivation,


and 4 History of fertiliser application
 
are the most importantQ 
 The early season weed flora however contains 
the same group of annual grasses (although in differing proportions) 

all sites while the broadleaved flora also tendson 
to contain the
 

s0e group of species. The 
 latter appear earlier and are. quantita..
 
tively more important the wetter
in zones. It is therefore possible
 
to uce ' form centres to sureen 
for crop tolerance an'd detection of 
weed nntkol. It is not possible to do an economic analysis of the 
reduction in hoe weeding and crop rebponse because the weed flora 
7"zW.as quantitative4 frow onthat the equivalent farmerz's land. 

Zonal testing of dinron end norfiurazon for weed control in
 
Gotton started in 
 1974 and the testing of linuron for the millet, 
sorghum, cowpea mixture started in 1975. Proviting that experimera
tal instructions are performed correctly, it should be possible to 
ascs"ain the correot dosage eachto be used in centre within two or,
thr6e.seasons. The 'correct' dosage will be that which gives no 
detectable herbicide residues at harvest while giving partial and 
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Ueleotive weed 0on1rol inJune and July. 
The selectivity ratio will 
depend on the, particular herbioide-orop oombination but will'always 
be well over .2s: 1
lnd will be many times this inmost Cases.
 

Sooio-economic evaluation
 

The procedure for ovquating ,zonal dosage recommendational
 
inhoe farmers holdings has not yet been agreed.. The great varia
bility in weediness and farming practice rekq it essentia that a 
re43,,endation be tested by a representative sample of hoe farmers 
in each zone prior to full recommendation. This process 

will probably have to be repeated in each zone as soon as the
 
corrot zonal dosage is detennined.
 
Current satusof investations nthe hoo tarmin sstem 

Cowpeas (sole crop). 
 Nitralin herbicide had reached the Sonat 
testing stage but isnow withdrawn by its manufacturers. Secondary
screening to find other selective herbinides will be restarted. 

Cotton (sole crop). Zonal teating of diuron and norflurazon
 
has been done in 1974 and 1975. 
Diuron appears to be suitable for
 
all major,cotton growing areas at dosages which should be profitable.
 

Groundnut (sole crop). Secondary screening to replace nitralin
 
will be necessary.
 

Millet-sorghum-cowpea mixture
 

Linuron herbicide was zonally tested in 1975. Propazine will 
be zonally tested, inaddition, in1976..
 

Important herbicides for the hoe farmer
 

Nitralin. 
This widely tcsted herbicide was selective in cotton,
 
cowpeas, groundnuts and soyabeans and was the only dinitro-auiline
 
herbioide to give good weed control when applied as a 
herbiliser ppb.

Its abandonment by its manufacturer means that secondary testing
 
must be repeated to find a replacement.
 

- Manufactured granules of trifluralin gave good control in
 
cotton in 1972 and may be a 
possible (but more expensive) replace
ment for nitralin herbiliser in the hoe farming system.
 

aluron The old.qst and cheapest surface active herbicide selective in 
Cotton and sugarcane, diuron 8% wp has given ecoellent weed control 
formulated as a 
herbi:isar applied ppb or applied VLV pro-emergent,
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¢ontx~k in . Rams ... ,, LtS IN tnt 110 kyea. . 

I2 ES~. This new herbicide is similar to 4i$uon but ka. -the 
additioal ohanoteristiou of depressin groth of established weds. 

"Ihanapplied to the soils And being selootivelY sotivo maeinut 
nut8Taaes (yper,&s spr). It may tharefore replace diuron in 
wsttor and heavier lmd areas for weed control in cotton.. 

Norfiuraon in ail atI w1 + 116r~rIle= 
of,measured weed ontrtAl at Samaru in 1971. 

Atrazine Thie triazine herbicide is'very well establibhod for 
selective weed control in maize and sorghum. Prs-plant brodcast,, 
applications of manufactured granules gave oonsistently good weed 

oon~rol butthese are no longer available.' Herbiliser o.foruations 

ppb usal1y'give good weed control but are not~ooneistontly reliab3e. 
VLV 4pplications of either 50)6 'flowable' commercial formulatioa 
or 80C.wp + oil adjuvant give satisfaotory,.pr eemergent weed 
oqntrol. Ppb applications in VLV have not been suffioiently'deve-
Ioped but will probably be most suitable for 'the hoe faxterif 
applied to newly emerged weeds shortly after the beginning of the 

Linuron The only herbicide which has been definitely tolerated by 
millet, sorghum and cowpeas at Samarn' linuron~hao a limited persis
tence and usualV breaks down before the end of July when applied 
as a ppb herbiliser. This makes it particularly suitable for use 
in the millet-sorghum-oowpea crop. mixture and .allow any .crop to.3be 
safely planted in the following season. 

. One season of zonal testing indicates that much lowir dosages' 
will be effective in the Sudan zone. 

* LV application has not yet been tested. 

1. units of lnuron herbiliser apb gave 74 days of measured weed 
control 'at Sa ar in 197" 

Alaehlor. This herbicide is selectively.active in maize, cotton, 
oowpeasp groundnuts and soyabesa. The manufactured granules §ave, 
good weed control in cotton when applied ppb in cotton at Samau, 
and States sites in '1971 and 1972. 

Purther testing stopped when the manufacturer decided not to
 

oonoeroialise the product in Nigeria. It is expected to be eommer
cially available for the 1977 cropping season and testing will 

http:satisfaotory,.pr
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thereforereOcommnce in 1976. This herbicide is'active 6ainst 
esculentun d has limited persistence. 

2.' General weed control in animal draught farming s..tems
 

The main wilue of wyorkbull equipment to the. farmer appears to 
be that seed beds. can be .quiokly and efficiently Tprepaxd by ridge 

splitting, This is easiest on light land and.may not-alway be 
possible for early crop establishment on heavy land. Workbull 

equipment is not fully exploitoi for poot -mergent intar-row eul. 
tivations, farmers ten4 to use thlwr: primarily as earth-mz.vip" 

equipment to rebuild ridges after a full.hoe weeding. A ?."elim

inary analysis of theorude data fir., the Yaba project in 1975
 

confirm this in a striking .panner. 

Table 26. Manhours used per full hoe weeding in June-July in the 
Yaba district, 1975 

.System No. of farms. hour/ Standard 

ha deviations 

Hand hoe only 13 77.7 ' 59.06 
Work-bull 12 120.1 , 37.67 

Diff. 42.4 
(Significant at P ..027
 

According to table 26 a. the workbull farmers were recorded 

spending more hours per. hoe weeding thmwf.thd arers witlh

out workbulls. The explanation of this phenonenon will pr-I, 

bably emerge from the detailed analysis of the results but .at least 

the data confirm that the farmers 4id not reduce their hoe 

*weeding effort by preliminary inter-ridge moulding. 

,The various improved,tool-bars available for sale but 

lttle.use4 by.farmers could potentially be used for precision 

weeding, cultivations which. would greatly reduce the amount 'of! 

hoe weeding still required in the present system.' The use of
 

banded herbicide on the crop row combined with precision cul

tivation should make it "possible to eliminate hoe weoding'almost
 

completely.
 

OItivesof-the animal draught rojects 

"To develop cultivation systems using improved equipment 
combined with the use of herbicides where expedient." 
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It,,was originally believu$ =at a granuiar band applica. 
tor would be needed for a workbull system using banded -herbicides 
and a 
two year ITDG project at De0dawa (1972-3) had this as its 
main objeotive. .So far no practicable'machine suitable for work

,bulls 'hasbeen developed but preliminary studies using pre-plant.
 
incorporated (Fyi) herbicides became possible as a result of
 
other developments by the ITDG projeot. 

Table 26,.(b) Yee control-operations now possible in workbull
.'. .- . .tens 	 eva- . '
 

System,......Seed preparation Herbicide use 	 Post emergence
 
weed control
 

Rieir only 	
. (a) Ridge pplitting. Full hoeing f.b, 

mouldingRidger+ herb (b) Ridge splitting pre-em broadcast 
Spot hoeing fb. 

moulding
 
". .'(a) Moulding , . pre-plant broad- Mouldinp f.b. 

cast spot hoeing on
 
.11" band.
Samoot 
 (d)Ridge splitting . Inter-ridge
 
cult. f.b. full
 

..
 hoeing on 11"
 
band*
 

(e) Cultivation when 
 . Inter-ridge

required 
 cult. f.b* full
 

hoeing on 11"
 
band.Samcot+ inc. (f) None 
 ppi after start Inter-ridge


herb* 
 of rains f.b. cult. f.b. spot 

cult. as • hoeing on 11"
 
required 
 band*
 

The 'Samcot'
 
In 1974# it was found that an improved weeder attachment mounted
 

on an Emoot ridger could be used to cultivate existing ridges imne
diately after the first 'rains. This permitted the unit to be used
 
to prepare the. seed-bed for the early sown cereals several weeks
 
before.the ridges, (at Samaru) are wet enough to be split. 
Provided
 
that the caltivation is done timely on light weed growth with
 
ridges .san
be kept clean for cereal sowing by one or two passes
 
with the equipment., It was also found that herbicides could be
 
incorporated by one or two passes immediately after the start of
 
the raina.
 



In 19,furthes 4Gfe3.ope4ect at aunting sowing tubes 
bhedhiz t1W weeder Uties made it ppoecable to drinomlaeq, a top or 

ride by employing a seoond operator to feed the seed into t e 

t:.be. Groun-Utat maize, eotton and sorghum were *UewmvfUlWsta

blshed by Wua.nthado, 

.The 'Emoot +.weeder + sowiLj tubes' nt.-$"CO0' ( 

developments of-the WOT)o It enables a famer to grow crops on 

30" ridges and control weeds en eroly by Cultivation on 19* of' 

the furrow. 

The remainLtg *1" bend on the Adge eon be controlled'by 

full hoe weeding with a reduction of about 60%of the &reaat, 

present weeded by farmers with simple ridVe= If drill sowing .A 
not pwoisal, variation in intar.rom ditanoe may result in *p 

damage when the weeder is used at this width. Development of this 

system wil be temporariLly halted durin& 19W6 in favour of the' 
following.
 

2 S12 <SAMoam 6evelopment of STRADdle ridge techniques) 

Inother product of the ITDG project was a high oleanoo 

a.tiaddle ridge toolbar fitted w4* roqr w ltivatau.m Though .tl8' 
prototypo has design faults, it has poyod possible to 'cultJvt 

safely on either side of a erop row in a band only 6" w4Ae. 

This not only reduces the hoe weeding,by 8% but aso'reduoes the
 

neemeary dosage proportionately when herbioide is used,
 

The most important potential value of the stsaddle row mode 
of cultivation is that it .ermits precision cultivation of indivi
dual crop rows (as opposed to the two 'half rows' fi'efted by any 

Inter.-raw operation)e Variations in inter-#rdge distance #an be 
tolerated without loss of precision and each ridge can grow dife 
St crops reQuiring operations at different tLmes as dabired. 

The introduction of a straddle-Tow tool-bar will therefore 
make it possible to develop high production techniques of mixed 

cropping based on alternate single rows of crops, Thiv is pre

dietably more produotive than the maximum level of mixed cropping 
practicable with tractors because these have to operate on ,mite
 

of two or more crop rows.
 

Rar.bh4ide armiaationa for workbll enltivations 

Even in humid temperate sone agricul'ure, high volume herbi
sido appliiation is being superseded by pr%*~ on VLV modes of 
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applioation and -tre is nc particnaa Offficu ty ii adapting
 
the availoale UVY'sprayern Ifur d application 'iri Nigeria.' Vry
 
implo dry .poder applicators have been developed 'lsewhere 
 and 

they can be adapted to apply mixt.,ea of Boil (or sand) and wet
table poider .herbicide formulations :on the -ridge. As similar units 
are also reqtJrd t appl fertiliser.1n the workbull system it is' 
likely that this mode Of appiJcation will be preferred as soon as''
 
a 21!,Dle and erfeotivemaohine is Introduced.
 

'The use of banded pre-e'woergent applitions will then becoe.
 
posaibo. At present 
 -tis intended 'to exploit pre-plarnt applloa
tiono which can be broadcast by hand, but it is noteworthy that
 
the farmers in the,,.Yabq, prQject have.placed 
effective bard applica

tionasgn the ridge by hand. aThisdevelopment will be further
 
examined at Yab in,1976..
 

Table 	27 - Potential future weed control operations in 
Workbull Systems 

System Seed-bed preparation Herbicide use Pos emerw 
.
 gence 	weed
 
control
 

Ridger.+ herb (g).Ridge splitting Hiand banded Moulding fb 
, graq.pre-em spot hoeing 

on 11" band. 
Sameot + band (h) Pidge splitting Banded pow- Inter-ridge 

der pre-em cult. fb apot 
hoeing on 
11" banI.
 

Sametrad + band Cultivation during 
 Bandad pow- Straddle cult.a'qplicator (i), herbicideincor-
 der ppi f.b &pot
poration 
 hoeing on 6"
 

band 
(J) 	 Cultivation after Banded pow- Straddle cult. 

rain as required der pre-em f.g. spot 
hoeing on 6" 
band
 

Tialue 27 lists the opezations which are likely to be deve
loped in the future. Operat.ions (h), (i) and (J) await the com-.
pletion of machinery development before they can be undertaken. 

Banded vs broadcast ine;roorated herbicides
 

The totL 1 area cultivated by one pair of workbulls is deter
mined by the maximum frequenoy,,4ith which post-emergent oultivL?'',' 
tions 	ho-e to be done. 

The ,S ot rnpoopoption .techniquo ue. n 1975 res lted in a' 
diffuse band of herbicide concentrated on the ridge top with traces 
of herbicide in the ridge shoulders and the furrows. The effect of 

http:fertiliser.1n


the .lattor -'as to iaorease the cultivation in'0erval from ineteen 
days in the checks to twenty nine days in the besat herbicide treat

ments, This demonstrates how the total area cultivated by one pair 
ould be inoreased by low doages of broadoart incorporated herbicide, 

important herbioides for-the workbull farmer 

All the surface active herbicides suitable for the hoe farmer
 
ean also be used by the workbull farmer. In addition the followinq
 

incorporated herbicides can be used pre-plant.
 
Trifluralin. Selective in cotton, groundnute and grain legumes.
 

The % manufactured granular formulation incorporated 13 days 
pre-Planb,to-June sown cotton; &ave 115 days weed control at Samaru 
in1951.' The oo formulation is now being imported. This formulae 
tion is widely used in USA for the local preparation of herbilisers,
 
The importer is intending 'to import 'equipment developed for this 
purpose. It is proposed to import pilot quantities of the '
 

granular formulation to enable comparative economic tests of the three
 

formulations to be made.
 

Dinitramine. Selective in cotton, groundxnuts and grain legumes.
 

This is generally similar to trifluralin but requireF,, a lower 
dosage and is less volatile. An experimental 296 jranular formulation 
incorporated 13 days pre-plant inJune sown cotton at 1.6 units gave 
87 days measured weed control at Samaru in 1975. 0.8 tnits of the 
same formulation incorporated 53 days pro-plant in jroundnuts, ave 
complete pre-plant weed control and 100 days of measured weed control 
after planting. 

The so formulation is on sale in Kano.
 

Vernolate:Selective in groundnuts
 

It is primarily of interest for its activity against 9.perue 
esculentus but is also a valuable rotation herbicide to trifluralin. 

1,6 units of the e formulation incorporated as herbiliser 53 days 
pre-plant gave some pre-plant weed control and 21 days measured
 

weed ooni.zol at Samaru in 1975, It persisted for 76 days but did
 
not control.all weed species during 'his period.'! 

ButlateSeleotive in maize. 

This gives genera;.weed control and is,also active against
 

Striga a land Cyperus a. 

).2 units of the 1 granular formulation incorporated 7 days 
pre-plant gkaVe 26 days.measured weed.;oontrol.. 6.4,units incororated 

70 days prF-plant .gave oomplete pro-plant weed control,17.A ps-Idy 




46.
 

plani coanured Veei control and a large yield Inorease attribute. 
ble to striga control. 

Method ofai hebicde 

A big drawbaok toc the suocessful extension of spre, regime 
has been the need for large volumes of water. Farmers are not 
willing to carry some 225 litros ha of water, weighing some 
230 kgs. It is partly bee..use of this that low volume and, 

ultra low volume machines have been developed. Nioever, where 
uoil applied herbicides, applied before or at sowing, are used. 

and it is also intended to apply fertiliser, it may be possible 

to apply the heirbioide in t*,o stages. First to the fertliser, 
Coating the fertiliser with herbicide, and then applying the 
"herbiliser". in the experimen's described below, this was 
done to both cotton and maize in 1975.
 

a) Herbiliser applied to cotton
 

There were eight treatments to ootton grown in four repli

cation of a randomised blocks design. Theee were:
 

1. No herbicide; 100 kg. ha"1 bororated superphosphate broad
cast
 

"
2. 2.0 kg. a.i. ha Diuron Sprayed with knapsack sprayer 

3. 3.0 " " " 	 I" * 

4.4.0 * "0 " " i " " 

, 

50 2.0 " " " applied on and with boronated 
superphosphate
 

69 	 3.0 " " " applied on and with boronated
 
superphosphate
 

7. 4.0 " " " applied on and with boronated 
superphosphate
 

8. No herbicide; 100 kg. ha"I boronated superphosphate

placed. 

Results are given in Table 28.;. 

Table 28
 
"
 

Total cotton dry matter, yield, 	and weed dry matter as kg Wa
 

Treatment Seed cotton Cotton din Weed weight
 
I 1 297 3106 4728
 
2 872 43414'" 4449
 
3 891 4237 3077
 
4 916 4329 '7769
 
5 71-1 3716 . 4499
 
6 874 4?14 3790
 
7 795 ..3894 4045
 
8 324 3158 6559
 

a.e. diff. 31.2 ± 152.2 + 90.5, 
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All herbioides, whether prayed or applied as herbicide 

aignifoantly inoreased need cotton yield, but had :.'littie 

effect on total dry matter.
 

!-.The experiment is being repeated lut it in olear.that 

"herbiliser" appliqation to eltcn ehon; promale. 

b) 	 The second trial compared the same trectmentes though 

using a different herbioldep to mize. : .-he e qrimeat 

design was the same. Troatments were: 
1. 	 No herbicide; 100 kg. ha7 1 single superphoephate g" 

broadcast 

2. 	 2.0 kg. adi. ha7 'Atrazine sprsed with knap~ack sprayer 
3. 3.0 " "I "I "I "i " I " 

,I.-.* 4.0 n ,, ,, ,, I ,| ,, ",3-.0 

5.'2.0 kg ai ha Atrazino broadcast as herbiliser 

6. 3,.0 " 1 It " 
I'm 4.0 ' If 

8-	No herb!ilde; 100 kg ha- 1 siugle auperphosphate plaed. 

Maize grain yield and weed dry matter ha"1 are given in,. 

Table 29. 

Table 29 
dry matter in k haMaize Grajn yield and Weed 

Treatment Maize grain Weed wt. 

I1 313 3379 
2 501 361403 836 3111 

4 957 2784 
'5 736 3540 

* 6 675 3622
 
7 618 3475
 
8 158 4371
 

Although herbicides, either sprayed or on fertilisee:, 

gave grain yield responses, yields were too poor to attribute • 

firm eonclusion. This experiment was done at University farng 

known to produce poor maize yields, and is sited at Samar. in 

1976.
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Weed 	 Control in ITri.mated Areas
 
(1975-76 results)
 

1& 	Screenin of herbicides for the control of Cvierus spp. and
 
other weeds in maize*
 

The 	herbicides were tested at four locations. Results from 
Samar are reported in t v e .0, ;xhil.i those from Kadawa and 
Miduguri trials are given An table 32. 'Practically no pain 
yield was obtained at Ganawuri and the data from that site are 

not 	presented here. 

SA4ARUM 

The site was infested with Cyperus esculentus and annual 
grasses with little Cnerus rotundus present. B6th rates of buty

late + atrainet and alachl)r + atrazine.controlled Cnerus esoulen

tus 	and annual. grasses (table 30). Alachlor combinations, 

however, were not effective on C. rotundus.
 

In .the same experiment, atrazine applied post-emergence.oa 

maize (with Sun oil 11E) after pre-plant applicatin of butylate 
gave significantly better weed control than when applied, tank 

mixd, with butylate, pre.-sowing. This could be"due to:
 
a) control of those weeds, which escaped pre-sowing applica

t.pO,of herbiuides,
 
end b) longer durAtion of control (posc-emergenoe application


done four we'eks lf.ter .than', pre-plant application). 
The difference in the total weed. weight was small, howeVer, and 
may not justify an extra operation. In very weedy situations this 
may 	prove beneficial but the weeds must be very young. Glyphosate 
treatments, as usual, ga've good control of Cyperus sp.. but 

failed to control annual grasses., The application of the chemical 

had 	to be delayed due to droughty conditionis in early June with 

the 	result that the weeds were older ad less susceptible to the
 

chemical. 

• All rates of herbicides given in the text and tables are in kg 
(active) per hectare.
 

Terminology used:
 
Pre-em, (Pre-emergsnoe): After sowing but before germination of
 

the crop.
 
Post-em (Post-emergence): After the germination of crop
 
PPI 	 (Pre-plant incorporated): Before sowing the crop and mixing 

with 	the soil immediately.
 
PP 	 (Pre-plant'on weed foliage): Weeds allowed to grow and 

herbicide applied on the foliage
 
.of these weeds.
 



Table 30. Effect of herbtiides applied In maize on Cyperus and Total Weed Weights, Maiee Grain and TDl4in kgAa at Samaru 

Treatment " (yperu sjp Logarithm2 Total weeds Logaritm 2 Grain T D M 

1. Alachlor at 2+ "2. " : 3 + atrazine at 1 pre-em" 1.5 "35"1 52.6 ".908c0.602 be 261 1.41 b182 1.21 6361ab 7065 12695abab 13769 aa 
3.Butylate at 4 + 
 at 2ppI. 
 11.7 0.288 ab, 354 61.46 b 722" ab 1246 3 a
4. 6 + - 2 " 26.4 0.357 ab 
 306 1.45 b 
 6435 ab 12491 a
5. at 4ppi-+ atrazine at 2 post-em1 6.9 0.242 ab 
 95 0.95 a 
 6593 ab 12917 a
6; 6 " 2 
 4.2 0.165 ab 172 0.98 a 7324 a 13667 aGlyphosate at 2 ppwf + atrazine at 2 post-ea 9.1 0.273 at 1073 2.00 c 4963.- cd 8380 a-3 + 2 2.2- . 0.095-- 1491 2.08- 459-- d 8528 a
 
9. Hand weeded (twice) 222.0" 1"I.41 d .1044 2.02 c 5860 be 10667 b

S.E. 
0.139 
 0.13 405 

1. Applied with Sun 01' 1lE at the rate of 10 1I/a
2. Cyperus and t,, ai weed weights from ampled area transforxmed to logarithms 

x = 100 (x+ 1) and x = oglO x, respectively for analysis.
 
Iata in the same column followed by a common letter 
are not signifiantly different at the 
 . level. 

600 
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j'h total-dry matior'y.1el ni&'.ase of alachior and butylate 
treatment was signifiantly higher than the handweeded check but 
thp gi dn'yield was significant Ii caae of,butylate at 6 kg/ha + 
atrazine ..2 kg/ha post-emergence, oailyj On the other hand, gl

phosate treatment resulted in lower yield ,than handweatV.om
 

This was probably due to smothoring by thick. weed cover at
 
sowing and late weed competition. Slight itoxicity from the
 

herbionlde cannot be ruled 0oLt.
 
I..
 

ta.
v.Sludy of the residual effects: The plots Samaru were cultivatod
 

after harvesting maize. Tomatoes Roma and!Wheat Indus 
 66 were
sown t me? the reeidual.effeota of herbicides applied tn maizet, 
.No toxic pmstoms.were observed in any or the crops. This wea 

supported by-yields obtained in various treatments (table 31). 

Table 31. !Residual effects of herbioides on total and marketable
 
tomatoes (Tons/ha), and rain and total dry matter yield of
 

wheat- k/a
 

Treaaen' 	 Whett,Tomatoes 


___Total 
 Marketable Grain T D M
 

l. 	Alachlor at 2 + atrazine
 
at 1 pre-em 
 , 57.7 53.1 1079 4e63 

2. 	 Alachlor at +'atraine
 
at 1.5 pro-em. 53.1 50.3. 1008 4584
 

3. 	 Butylatp at 4 + atrazine
 
a ,2 ppi.... .. 65.1. 61.2 1223 4480
 

j. Butylate at 6 + atrazine
 
at 2 ppi 54.8 49.2 1274 4584
 

5. 	 Butylate at 4 ppi + atrazine
 
at 2 post-em. 62.9 1100
55.2 4792
 

6. 	Dutylate at 6 ppi + atrazine
 
at 2 poat-em... 51.7 1140
46.7 4688
 

7. 	 Glyphosate at 2 ppwf + atra
zine at 2 post-em. 57.9 53.9 1181 4792 

8. 	Glyphosate at 3,pwf atrazine 
atj 2 post-em... ' 59.2' i 54.3 1649 5521 

9. Hand weeded (twice) 57.1 52.8 1091 4480 

S*E*" 	 6.5 . 6.8 208 458 

' .: . .., ...
 

http:handweatV.om


MWA 
=a 

At thi.i site 2yerus eaculentus and Cyperus tuberosus were 
present n addition to anaual weed&, Alachl. + atrazine and buty
]Ate + atraz$ne gave a good control of .; e-Aculentus and annual 
weds and tlhe maize yields -are comparable with hand weeding twice
 

(ableA), although alachlor was comparativelv less effective on 

C. tuberosus. 

At this looat on perfluidone (MBR-B251) was also .'vt e..
 
This chemical is effective for the control- of. Cyperus g. but
 

i, not selective 	in maize. It was observed that maize .tolerated 
the chemicaliat 2 kg/ha, when the maize aseds were treated with 

1,8 Napthalio wgydide, and the grain yield was not significantly 
different than hand w-eding. At 4 kg/ha, however, maize was 
i. urea severely. 

MAIDUGURI 

the site was lnfeuted with annual weeds only. Heie atrazine 
proved to be the beez lerbicide giving excellent weed control with 

higher crop yield. i
 

Atrazina and its combinations with alachlor and butylate 
are now proposed.-o be tested at State..locations whereaaswork with 

glyphosate eto. will le ocntinued at IAR sites'at.munaru/adawa.. 

2. 	 Effect of plant populations x spacings of maize on 'the 
rowth of Cyperus spp. and other weeds 

Maize cvNCA was sown in all combinations of 37,62 ad 93 

thousand,plantq/ha with row spacings of 45,60 and 90 cm.. 	 The
 
experimental area received a blanket rpplication of 6 kg of buy-' 
late and 2 kg of cyanazine, applied pre-sowing and incorp?rated 
with a tractor drawn spring tooth harrow,.. 

There was little 	regrowth of C. esculentus (the only
 

Cyperus P2. present) in.the presence of butylatc. It was*
 

observed, however, ,hat the regrowth at the highest population
 

was significantly lower than the lowest population (table'33).
 

Furtir,' there were significant differences in the total weed 

weights which were lower at .high populations and narrow ros spacing. 

The 'otal 'dry matter of maize was significantly higher at me
urum and high populations as compared to low population of, 37,000/ha 

while 45 cm spaoing waq better than 60 and 90 cm spacings.1 

Grain yield of maize increased from lower to medium population 

and then decreased. No significant differences were observed in row 
spacings although there was a decreasing trend from narrow to wider 

spaoing? Looking at the interactions, it can be seen that there were 



Table 32._ Effeet of iferbicides applied in ma-fe on Grain ari 
 TM yield In Kg/ha.
 

- " Treatment-
Kadawa"- Grain MaiduuriTD!X1. Alachlor at 2 + atr'azine at 1 pre-em. Grain 

3695 a 7927 TMab 833 b2. b2 - " " 3+. - 11482 aba3+ " 1 5
- 1. 118"b369- a 8218 
ab 1241 ab3.4 Bntylate at 4 ppi + atrazine at 1 pre-em, _ 11259 abe3610. a 87145 a 944.' " " 6 b 10926 abc" + -" pre-em 
 3567.a 
- , a 1111 ab 10167 be5. PerflUidone6 . "• at 2 Dre-em34" ,.. 344. O a - 740 a-74OO ab 
6.4 "4" ~7b,7. Atrazine at 2 pre-em..._15377. 3700 c.

S.",:," h 
. Hand weeded 1537 1424114l( e) 
-: 241 abab 

-16- Unweeded (ie3780 1611 a 14685 a 
a 7961 .ab 1296 ab
S1997. 10407: bo

b 5382 b 
 796 b 
 8741 a
 

404 
 862 
 175 
 1306 '
 
Data in the same column followed by a common letter are not significantly differeIt at the 5 
level. 

I# Seed treated with 1.8 
: apthalie anhydride. 



Table 33o Effet of maize populati©ns x spacings on Cypeu and Total Weed Weights, Maize Grain and .T'DM in Kg/ha 

TYdatments - )_.Ms p. Logarithm1 Total Weeds Logarithm Grain T D M 

37,000 plants ha-I 8.6 0.321 b 1,072 2.203 c 6039 b 12006 b 
61,700 !' 4.1 0.202 ab 371 1.685 b 6811 a 13940 a' 
92,600 ' - 3.3 0.174 a 225 1.226 a. 6132 b 13179 a 

S.E. 	 0.043 0.099 166 313
 

45 cm row spacing 5.0 0.215 424 1.480 a 6584 13693 a. 
60 f" " 5.2 0.251 576 1.732 ab 6204 12695 b 

5.8 0.232 669 1.903 b 6193 12726 b-.

90" " " 

S.E. 	 0.043 0.099. 166 - 313 

37,000 plant: ha. at 45 cm space 9.0 0.315 921 2.136 6389 ab 12683
 
60 " 
" 5.4 0.259 1,188 2.244 5525 be 11219 

to" " 90 " a 11.4 0.389 1,108 2.230 6214 abc 12101 
61,700 " P 45 " " -- 3.2 0.168 299 1.462 6821 a. 14601 

" 60 " " 4.3 0.222 379 1.761 - 6615 a 13495. 
S IS " 90 ; " 4.:-- 0.217 436 1.832 6996 a 13734 

92,600 " 45 " 2.8 0.161 50 0.841 6553 a 13799
 
" " 60 to 5.8 0.272 160 1.190 6471 a 13382
 

N " 90 " " .1.4 0.090 464 1.646- 5370 C. 12348
 

S.E. 	 0.074 0.172 287 542
 

- Data in the same column followed by a common letter are not significantly different at the 5% level. 

le 	 Sample plot weights transformed to logarithm x = Loglo (x + 1) and x = Logl0 x for Cyperus and total
 
weeds, respectively, for analysis.
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no significant differences between the three row spacings at the 
lowe.r and medium pQpulations but 90 cm row spacing at a1 population 
of 93 thousand/ha caused a significant reduction in * I yield
 
as compared to barrow and medium row spacings. Obviously, the
 
competition iwithin the row waa more which vesulted in luwer
 

grain yield., 

There lwas a clear indication that moderately high populations 
grown On narow to medium row spacing will not only yield better. 
but 	also suppress the later growth of the woeds vhioh 4,9 impor. 
tant for further spread of weeds like v perus. 

3. 	 Screening of herbicides for the control of Cayperus spp. and
 
other weeds in ~oundnilts:
 

Vernolate, alachlor, perfluidone and benfluralin + Gulf
 
S 21634:were compared with two hand.,weedinga ina preliminary
 
trial ingkoundnuts ov F 439.-4.
 

All he:bicidal treatments had lo'wer weights of C. esoulentus
 
aq compared to hand weeded check (table 34), although alaohlor
 
at 1.5 kg/ha and S 21634 combination at 1.5 + 1 kg/ha 
were some
what inferior to others.
 

As regards other weeds, alachlor was the .qnly chemical which 
gave an appreciable control of Paspalum orbiculare. This
 
encouraged the growth of broad leaved weeds which were also more 
in hand weeded plots. All other herbioidec were not effective 
in controlling this annual grass.
 

Pod yield of groundnuts, which was poor on the whole, in 
ease of alaohlor was comparable with hand weeded check plots. All 
others were lower than the check and were influenced by the .degree 
of weed control offered by a treatment except in case of,perflui
done where the crop seems to have suffered from herbicide toxicity 
inspite of the fact that the seed was treated with 1,8 Napthalie 
anhydride. 

4. 	 Testing of herbicides for the control of Cyperusapp. andother 
weeds in cotton: 

Perfluidone and g~yphosate, the two promising herbicides from 
1974 trial, were compared with some 'others.. The experimental 
area was mainly infested with 0, esoulentus, Paspalu orbiculare, 
Eleusine indica, Portulaca oleracea Amaranthus es., Blume& 22o, 


and Vernonia sD. 
There were a few patches of g. ctundus. 

Perfluidone treatments, at both rates, resulted in goqd 
Cyperus control with seed cotton yields comparable to hand 
weeded check (table 35). 



Table 34. Effect of herbicides on O. esoulentus and Total Weed Weights and Pad Y1ield ofG.Nuts'in Kg./hA 

Treatment C.eauulentns Logarithm Total Weeds G. Nut Pods 

1. Vernolate at 1.5 ppi "8.8 0.505 3284 440"
2. n " 3.0 " 6.6 0.474 3019 457 a3. " " 6.0 19.1 0.719 2744 480 a4. Alachlor 1.5 pro-em 37.8 1o114 1477 a 695

5. U 3.0 " 

a. 
6.3 0.334 2035 737

6,. " 6.0 " 
a 

5.0 0.373 1508 a 860 a
7. Perfiuidone at 1.5 pre-em. 4.1 0.358 4277 169 
8. 3.0 5.6 0.413 2227 243
9. " 6.0 " 13.8 0.612 2017 198

10. Benfluralin " 1.5 ppi + S 21634 at 1 post-em 24.4 0,848 2049 546 a
11. " " " + " " 2 " 0 0 2447 482 a 
12. " o"f + " " 4 " 0.6 b.068 3351 417 
13. Hand weeded (twice) 
 175 5.234 1384 711
 

S.E. 
 0.150- 154 114Lad ;C vs T o.359 362 268 , vs TI(T 0440 444 329 

a - Do not differ from check (Hand weeded) at the 5 level of significance. All othz figures in the 
same column are significantly different. 

U". 
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2X. 	wasaPortuaa 	 consistently present at both rates while annual 
&M'eses. emerged at a later stage, mostly at the lower -rate. 

Norflurazono was not as effective on C. rotundus (whioh
 
started to appear in 4-5 weeks time) but gave a better!control
 
of Portula. sp. especially at the higher rute.: There was a 
visible stunting of the crop at the higher rate in theabeginning, 
which disappeared later, and may be the. oaunp of slightly lower 

yield at the higher rate.. 

Glyphosate gave an excellent control of weeds in'the begin. 
ning but, the plots got heavily reinfested with annual weeds, (moatty 
broad leaved) within 4-5 weeks. These weedslat the time •of. 
sprayin . post-emergenoe glyphosate were as high as the !crop with 

the. result that the crop also received the herbioide on its 
upper leaves' and was thus severely injured. 

MSM post-emergence was tolerated by the crop but the weeds 

must havfk done considerable damage before thqy were kigled* Thus 
the' crop yield was reduced. Diuron in oil applied 6 weeks afte* 
glyphosate 	applioation was also not very effective in control
ling these 	weeds. 

Table 35, 	 Effect of herbicides a the weed gontrol and seed 
cotton yield of oottof: 

TramtWeed 	 Cover !EstipatedTreatmert 1 •iSeed/Cotten 

1. Perfluidone at 3 kg. pre-em 	 3.25 1544h 
2. 4 	 2.25 ,1685 
3- Ncrflurazone 	 "1 " 3.7 1596
4... :" 	 "2 " 1 5 14; 4
5@'lyphosate at 2 kg ppwf + I kg post-em 43.25 741 
6. to" "" + 2 '1.50 602 
7. , " +' SM at 2kg

post-em 	 3.50 '1320 
8. 	 Glyphosate at 2 kg ppwf + Diuron-in-oil
 

"at0.25 kg post-em 7.00 1368
 
9.Diluron1,6 kg pre-em +S 216.34at 1 kg
 

post-em '3.50 1288
 
10. Diuron 	at,1,6 kg pre-em + S 216,1 at 

"2 kg. post-em ,3.25 .1307 
1,.Diurcq at kg. + S 21634'at4 1.6 pre-em. 

14 kg. post-em ;2.75 4561 
12. Hand weeded 	(twice) 1.00 52
 

1, 	 Rating 0-.9; 0 = no weeds, 9 a full weed eover.
 
Scored at the end of the season.
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Pro-emergence diuron gave a good weed control but the Cnerus 
jM. were not affeoted. The chemioal was not as persistent as
other residual herbicides in this experiment with the result that 
annual gacsea started to appear.late,in the season. S 21634
 
applied post-emergence killed C. esoulentus at all 
rates while
 
2. rotundu regenerated at the lowest,rate. 
Itwas not effective
 
on other weeds.
 

Perfluidone and Y,,rflurazone are now proposed to be tested 
at State locations, while, others will continue to be te.ted at IAR 
Samaru/Kadawa.
 

Study'of the residual effeots:
Tog.toest.' 

Weeds from one of the cotton rJdges were oleaned with hoe
and tomatoes.av Roma were,ia-.Th-uted in the beginning of
 
December 197' (immediate? *, after first picking of cotton)f. The
 
ridges wure slightly'rezioulded and the tomatoes were-transplanted
 

,otheshouldera of ridges in' the middle of cotton plat.
 
Tomatoes were fertilized at rate of 200.kg/ha of super phosphate +
 
160kg/ha of: nitrochalk placed 2 weeks after transplanting and
 
another 120 kg/ha nitrochalk.4 weeks later.
 

Cotton and tomatoes remained togeth'r in the fiel' for more 
than 4 weeks,when cotton frames were removed after j+d final picking
 
was over. 
By that time some of the tomato plants had started
 
flowering. The cotton plan+s protected the young tomatoes from the
 
.dedfioating effect of wind hile weekly irrigation applied to 
tomatoes had no adverse efiect on ths boll operinp, of cotton, The
 
cotton plants had sprouted again at the time of their removal.
 

Periluidone at both rats and glyph6sati. 4 diuron in oil' 
treatments looked a bit stunted in the be~inr.. ,gwhile .others
 
looked quite,well exoept two .plants.in one of ".ho aiorflurazone,plots
 
at 2 kg, whioh showed toxioity symptoms. Fruit yield of tomatoes
 
(table 36).indioate that perfluidone residues depressed yields
 
while the presence of norflurazone (ifany) was tolerated. One
 
,othertreatment whioh gave a poor yield was glyphoeate followed.
 
by diuron in oil. This treatment becenmi very weedy in the latter
 
part 9f ootton orop and ,therefore might have suffered from nutri-" 
tioual.deficienoy. The rate of diuron used was so low that there 
was little likelihood of.any damage from:its residues. 
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Sorghum 	iag'a whi-.o was sow ill January 1976 on one of the, 
oner two ridges, after 	the removal of cotton and completaly re.
 

,uOWlding it. The crop wat7 harvested for iti dry matter determina
tion in April and was not taken tci maturity dueI to anticipated bird
 
damage. Sorg> %m plants in plots receiving norflurazone at 2 kg in
 
the previous wet season showed symptoms of injury but recovered
 
soonand jhore seems .to be no effect on the final 'yield (table 36)0
 
All other herbicides were also safe for this crop.
 

Table 36. Residual effre:s of herbioideu applied in ootton (wet a
 
season, 1975) on tomatoes and sorghum in the foliolng dry
 

, eason. 

Treatment 	 Tomato fruits (Tons ha) Sorghum 
Prketable ,Total (Tons ha) 

1. Perfluidone at 3 kg pre-em 53.3 58.5 4.8 a
2. 	 " " 4 ". " 5.8 55.9 4.9 a
3. Norflurazone " 1 " " 67.9 a 72.8 a 3.7 a

4. "2 " " 63.7 a 69.0 a 3,8 a
5.Glyphosate at ,2 kg ppwf + 1 kg 62.3" 68.3 a 3.4'a
 

post-em.

6.Glyphosate at 2 kg ppw/ + I kg 73,6 a 78,1 a 3.6 a
 

post-em.

7. 	Glyphosate at 2 kg ppwf + MSMA
 

at 2 kg post-em. 76.1 a 81.1 a 3.3 a
 
8. Glyphosate at 2 kg ppwf + Diu-.
 

ron (inoil) at 0.25 kg

post-em. 	 51.5 57.6 3.4 a

9.Diuron at 1.6 kg pre-em +
 
S 21634 at I kg post-em 67.1 a 72.4 a 4.0 a
 

10. Diuron at 1.6 kg pre-em +S 21634 	at 2 kg post-em. 64.7 a 
 71.4 a: 3.5 a
 
11, Diuron at 1.6 kg pre-em + 

S 21634 at 4 kg post-em 64.3 a , 70.3,a .!3.7 a
12. Hand weed (check) 	 78.5 a 83.6 a 3.7 a
 

S.E. 	 5 5.9 0.7 

Yield figures in the same column denoted by a common letter do
 
not differ significantly from check. Others differ significantly at
 
% level.
 

5. Residual effects of herbicides aplied in cotton inwet season'194:
 

The object was to see any residual effects of krbioides on the 
weed populatior 'I.rotundus)and thf, crops that follow cotton in the 
next wet season. The experimental plots were sampled in May 1975 
to count the numberof CYPArus tubers with a 10 om diameter auger 
vp to a depth of 30 cm. 	The number of 0. rotundus plants were
 



counted once before disklng the soil for sowing test crops end 
then 4 weeks after disking. The teat orops were!sorghum cv Naga
 
White, tomatoes ey Roma and groundi.uts 07. FP4394;. Tomatoes
 
were h rested aftor 8 weeks of transplanting while the other two 
crops were harvested after 11 weeks of sowing for TDM determina
tion. All pl3ts were weeded after taking the second count of
 

C. rotundus. 

ione of the test crops showed any signs of Thjury (table 37),R 
Pepeatld application of glyphosate lowered the nu.mber of 
Qyperus plants in the following season also, and sometimes inoroa
sed the crop yield& 

6. Efficient use of glTphosate for the'control of Cyperus mpp, 

I,t was observed in 1974 that glyphosate not i only gave 
seasonal control of Cyperus a. but also reduced its population 
in the following year, The experiment was deuigned to see whethey 
ammonium sulphate tank mixed with glyphosate can increase its 
toxic action and whether application of fertilizer to the C rua
 
app. to,help it grow luxuriantly will make it more susceptible
 

to glyphosate, 

Three rates of-glyphosate -:'1,,.2 and 4 kg (Q treatments), 
three rates of aminonium sulphate -0, Sand 10 kg/ha (S treatments)
 
and three rates 'of nitrogenous fertilizer at the start of the
 
experiment - Op25 and 50 kg. N/ha (N treatments)lwere tried'in
 
a .3 factorial experiment with higher order Interaction confour
ded. 	 Maize variety Upper Volta Early was used.
 

Il was the intention to apply glyphosate 4 weeks 'after
 

application of 1 treatments but could not be done due to droughty 
eondition6 caused by lack of rain in early June (the weeds started
 
to showsins.o wilting).* y the time te rains resumed and the 
weeds started to grow aotively, some of 'them had already made a 

:rank grqwth wihl the result that the herbicide was not very 
effective on them.,. Also they smothered the germinating maize 
plants Td proviaed opportunity to rodents to hideland damage 
maize. The results are given in table 38, 

A rapid kill of Cyperus 2.'was'observed with higher rates 
of glyphosate and with increasing rate of nitrogen-application 
in the beginning~of the experiment. However, there was no 
diffeeuca 'in th CyersCvpers phepopula ion in the following year whether 
nitrogen:I swapplied or'not. Glyphosate 'rates shoed a little
 
differenpe., 



, Table 37. Residual effects of herbicides applied in uotton (1974) on the number of Cyperus tuberq and plants/sq.m=
0 


'0 
and T yield' of-sorghumn tomtoes and groundnurts in kg/ha. 

Treatment Cyperus tubers Cyperus plants Sorgu Tomatoes -- pas1.- - I- 'ogumTmte G.Nuts . 
May 75' June 75 TM_( TM M lat 

.. ... _ __ __ __ __ ___- - -..- "July 75 

1; Glyhosate at 4 Ppwf - .534 b' 316bc 1942 abe 1153 ab- 907 979 
2. "ostem 466 90 a 180 abc 930bc 1053 615a 

3-" 
 645 ab" 67a -47i a 1468 a 1240 637 a 
4 - N "i " "+ M 'poate= 797 ,bc 180 ab 2211 ab 857 bod 1153. 66 ob
 
5. Ttrapion at 2'pre-em 450 a 4101 ad'- 1664 abc 702 bcd 1039. 0a:9 
6. n 4 . 619 ab - 166'ab, 1956 abc 378 a :' 839- 1090 0:. -..7- Perfluidone at 1.5 pre-omo 1272 6 750 e. 1504"at0 433 ca i 825. .413 d750 1 0 
8; " " . . 882 abo.. 709 a 1213 bc 666 bed 1062- 929 bo 
9. "" " . , 6ooab00 465 1021.c 424 a 980 860 aba 

___ ._ ___ __ __ __-__10. Check -(Hand weeded)"" __ _ __ __ __ _ __ __ __ _ _ 7___ _ _6 _____1043 be 615 de- )96 a 766 bcd 1.53 991 ____1153- 991'. 

s ". . "- - 307 165 174' 87 

DaU in tha same .olu m followed by a common letter are -not signifioant diferent at the."Slev l. 

1. Analsis done on transformed data. 
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Table 38. 	 Effect of Glymhosate x Amonium Sulehate X
Nitrogen Fer*ilizer on -The Controlof _ 

_A ..
Cyperus ContrOl Rating (4"week-i after applioation): 

io G x S: 

'S~ Glyphosapp 

0"" 1 2 average 

GO,- 2.40 a 2.23ab' F,07 ab 2.23,a 

G I 1.73, cd 1.93.bo 2.19 ab 1.95 b 

1.64-d 1.7d...... . 55 .. 1.59 O 

Am. eul. average "1.92 1.51 - i.94 . 

ii. S x NI 

Am. 
.. 
,,,._ 

.-N o... N2 Am. Sul..aveia. 
ge 

• S 
0.4 $1 ...... .. .. 

^.,-

2.24 

,.. . 

1.95 
j,19.. i ,88 

4 ". 

1.,59 
1.66 1.91 

S2 1.97 2.06 1.77 1.94 
Nitrogen average 2.14 a 1.96 a 1.67 b 

iii. G x N: 

N 
NO N1 N2 Clyphosate
 

...... 
 . . average-

GO 2.32 a 2.20 ab C,!2.1, ab 2.23 a 

GI ::+ ' '+' 2.23 a 2.12 ab 1.jQ d ... 95 b----

G2 .. " 186 bo "1:7 ad 1.33 d 1.59 0.. 

Nitrogen average 2.14 a .1.96 a 1.67 b 

s, - t (GS, 1)• 0.06 I 
.. (Gx.S,Sx N, GxN) = 0.11, 

Rating 1 	0-9 Where 0 = full control, 9 = no effeot.
Data transformed to square roots for analynis. Figures followed
by a common letter do not differ 	at 5% level of significance. 
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Table lend 

B. Number of CYperus Plants/(eg~m,) in the Following Year 

1. GxS: 

't.A / S S ph s t
 
, 0~ S1 lG.,.h2 aveag
GIlyphoeate >~ vrg
 

Go....''- . ... . 1316 . 262 . ,, ,280] 286;,. 
I" eG 214 265 3101 230 

G e 22 2251 240 231 

sulphatou minim 
. erag. er ... eav 

i. S x N.: 

NO.. I.....N_ Ammonium sul,,

280 236
t 
 240 252
 

291 249 
 211 251..
 

sI 
 187 ., 255 ''288 24. 
Nitrogen average 253 247 24r
 

ii,. G.x.N:
 

..,N NI N2 ' Glyphoaate
Glypho a ,. ... average 

Go . 328,. 274 ,., 256.( 286 
G1 I 224 ._216.. .248--- 230---
G2 :207 249 *235". 231..-.... 

Nitrogen average 253. 247 ( 246 'j 

s.. -  .OR(G, S,N, =' , 53T 
(x.S, S. ,., G x 'N)292 



Table 38/oontd. 

C. Maize Total DIT Matter in 1R*'ha,
 

i; ,G x Ss 

A/S . 'S- . Glyphoat 

Glyphoa- .1 2avrg 

Go 307 .. ,2944 2824 "I41 b 
" . 3465 3412. .374o ..3539 a 
G2 2911 3530 2417 2953.b 

Ammonium sulphate 
average 314429 2994 

. ... Amonium 
A/ . - .ave-age 

S0 3669 ab 3162 abo 2602 o 3144 
S1 . 2949,,,abo 3021 abo. 3916 a .- 3275. 
S2 3702 ab 2762 bo, 2517 0 ,2994 

Nitrogen-average '3440 2982" '3012 

iii. G x N: 

GN. 
 0 N2 average
 

Go 3204 2724 2897 .2941 b 
G, 380 '3391 : 3416 3539 a 
G2 3312 2830 2716 2953 b 

Nitrogen-average 3440 -;  2982 3012 

S.. . (G,S,N) ' 185' 
,(GXS,.SZ.N, G x N) .= 312' 

Figures followed by a. oommon letter do not differ at 56 
level of significance. 



64. 

Total dry matter yield ofm ize was reduoed with -h4hest 
and lowest rats of glyphosafe wiioh could'be due to poor weed 
control at the. lowest rate and crop tcxicity at the highest 

-rate* 

7. -otrolof e otuu and other Weeds in Wheat:. 
...-.Trialclate, hlortoluron diuroi,*fluorodifrn, perfludone, 

mecorop,294-D Na and dioamba + OCS 2 l9h44:were tfrled in Wheat 
Indus 66. The experimental plot was at a lnely place ard was 
thus attacked by rodents which continusd to eat young 4160%... 

'of ~baits.' The,itta'ck *was so serio~is that 
very few wheat plants reached maturity. 

. Meoopftd at 16 and 3.2 kg, 2,4-D Na at 1.2 and 2.4 kg and 
triallate at 2.4 and 4.8 kg gave moderate to good control of 

rotundus 

Other heiobiciabs 

,yperus but triallaa.-injured wheat...qt.both.:rates 4 -'.. 
tried did not control 1yerus rotundus but 

gave a moderate control of other waeds present. Mecoprop and
 

2, 4-D Na were not effective on annual..grasses. . . 

. Dry Season Cultivation for the Control of Cyperus rotunduss 

Mould board plough, diso plough, ohise.l p~ough and rota... 
vator with underbuster ware used to cultivate the soil to see 
thi effect on the desiccation and subsequent sprouting of 
Cyirus rotundus in the wet season. All implements were ueod 
once only in the beginning of dry season 1975-76 except the 
chisel plough, which was .repeated..in. March 76,.. The proposed
depth for cultivation was 22 which couldcm bo achieved ia case 
of mould-board and chisel plough3 only. Disc plough could pen.-. 
tiate .to.12 cm and the rotavator 10 ci deep only. Counts of, 
CfLrus rotundus plants were .takenbefore cultivation and at the 
beginning of wet season and are given in table*39, 

- One mould board. plouSing reduced "the gyperus rotundus 
infestation.b .709. of the, check and. was also significantly " 
better than other implements used in the study.i It appearse-.. 
however, that follow up cultivations would reduce the'infesta. 
tion further.
 

Chisel ploughing was not as efeotive as the use of mould
board inspite of the fact that it also reached the proper depth, 
The implement has the disadvantage that it leaves the soil 

http:repeated..in


65.
 

betveen chisels undisturbed. Better reaults can be aohievrd 

Table 39. Number of 0. rotundus plante/sq.p me before 
and after dry season cultivation
 

Tement 	 Before cul-,Ivation Next Wet Season. 
Number %of Check Number %of Cheek 

1.Mouldboard plough (once) 1414 100 160 a 30 

2. DiSC plough (once) 1449 103 388 0 72 

3. Chisel plough (twice) 1385 98 287 b 53 
4.Rotavator with under- 1553 110 303 b 56
 

buster (onoe)
 

5. Cheek (uncultivated) 1413 100 537 d 100 

s.E. 	 69 27 

Figures followed by a common letter inthe same column do not
 
differ at 5 level of significance.
 

with disc plough and rotavator if they are used when the soil has
 

some moisture and their penetration is proper.
 

It was observed that dry season cultivation had no effeet
 

er Cye.rus esoulentus. On the other hand its population was a
 

bit increased and the growth was more vigorous where the 
competition from C. rotbundus was reduced.
 


