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i i i  -

S U M M A R Y

Experiments on mulching, temperature, storage end inter-row 

spacing were conducted in the f ie ld  and laboratory during the major 

and minor seasons o f 1973* with 21 introduced soybean varieties 

including H ill,  Kent, CBS 486 and Aasoy 71.

1. Mulching Kxperiments

Three varieties (H ill,  Kent, GES 466) were grown in two fie ld  

tr ia ls  and a pot experiment with and without mulch applied after 

planting in 1973* Mulching decreased maximum so il temperature; 

maintained higher s o il moisture content* improved seedling emergence! 

increased plant height, seed si?.e and grain yield  in the major season. 

In the minor season, mulching increased nodes and pods per plant, 

seed size and lodging. GrsLn yield was not increased most lik e ly  due 

to the increased lodging and pest infestation. In the pot experiment, 

mulching hastened flowering; increased stem diameter, plant height, 

flowers, nodes and pods per plants the percentage of flowers which 

formed pods and seed y ie ld . Mulching appeared beneficial particularly 

when seed v iab ility  was low and so il temperatures were high.

2. Temperature Experiments

Twenty-one varieties were sown in trays and kept in incubators 

at 20, 30, 40 and 50°C. termination and emergence were high but slow 

at 20°C. There was no germination at 5Q°C. .Doubling the temperature 

from 20 to 40°C reduced days to f ir s t  emergence and days to maximum 

emergence by 50/., however, maximum number o f seedlings that emerged
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as well as hypocotyl elongation were reduced by approximately 4($, 

and 30^ respectively. Hypocotyl elongation was better at 30°C than 

at 20 or 40°C by 20, end 30$ respectively. Based on their ab ility  

to consistently germinate and emerge well at the higher temperature 

(40 C), the varieties Cutler 71» Semmes, Hark and Dare were found 

to perform well, while Hutton, H ill, Clark 63 and Jupiter were the 

poorest*

3. Storage Experiments

Soybean (cv. Anisoy 71) seed of in it ia l moisture content 11.2$ 

was stored in cloth or polythene bags at ambient temperature and 

relative humidity (27°C, 76/> HH)» in an air-conditioned room 

(22°C, 592® &H) and in a walk-in cold room (2°C, BE). Seed at 

14«5 and 1 7 »Q/o moisture also was stored in the air-conditioned room. 

Seed samples stored at high temperature end moisture contents rapidly 

lost their a b ility  to germinate and emerge a fter 9-10 weeks.

Lowering temperatures or moisture content preserved seed v iab ility

olonger. Seed in polythene Dag at 22 or 2 C and 11.2/e moisture did 

not lose v ia b ility  during 50 and 55 weeks respectively of storage.

4. Inter-row Spacing la:periments

Two varieties ( H ill ; CIS 486) were sown in the fie ld  in rows 

25, 50 and 75cm apart during the major and minor seasons of 1973*

The number o f main-stern bronchos and pods per plant significantly 

increased -with increasing row spacing. 'Chs ta l l  variety, CES 486,
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lodged more than the snort variety, H ill. Seed size was not 

significantly affeotefi, however, seed yield tended to be higher in 

rows 25cm apart fo r the short determinate variety (H ill )f and in 

rows 75c® apart, for the ta l l  indeterminate variety CSS 486, the 

latter outyielding H ill, which matured earlier.

5. It was concluded from the results of these studies that 

soybean production on the Southern part of Ghana, at least on small 

holdings, would be possible.
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I N T R O D U C T I O N

Soybean (Glycine max (L) M errill) has a high content o f o il  

(17-22$) and plant protein (32-45/'“) • Crude soybean o i l  has a hi^i 

keeping quality end a high content of essential fa tty  acids 

(lino le ic  end linolenic acids) while the protein has an amino- 

acids composition comparable to that o f animal protein, methionine 

being the only lim iting factor. 'Hie climatic and soil adaptations 

of soybean f i t  well into areas that suitably support maize production. 

Its demand, value end volume in world trade is  also increasing. 

Soybean could.therefore.be conveniently and cheaply used to meet 

the ever increasing local need for more raw materials for o i l  and 

animal feed production} fo r  d iversification of cash crop production 

and for the provision o f a cheaper source o f protein for human 

consumption.

Renewed interest recently shown by Ghanaians for the possible 

uses of soybean in the country’ s economy and diet calls for work 

into some of the production problems that may face the Ghanaian 

farmer. These include suitable agronomic practices, storage and 

maintenance of seed viability? pest and disease control.

In this thesis some of the basic problems lik e ly  to be 

encountered in a large-scale production o f soybean on the Accra 

Plains were studied.

1
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2
SECTION A 

REVIEW OF LITKRATORE

I .  S E V E R A L

1 • Origin. Early History and Dissemination

Soybean (Slycine max (L ) M errill) is a native of the Orient.

Its domestication dates back beyond 2838 B.C. Nagata (i960) 

concluded that Glycine taax must have originated in the Northern and 

Central China, but Hymowitz (1970) has suggested the Eastern half 

o f North China as th© area where soybean was f ir s t  domesticated.

Some aspects o f the origin, early history and dissemination have been 

reviewed by itoku (1973). At present, soybean h a s  assumed worldwide 

importance due to the demand for both soybean o il  and protein.

She major producing countries are the USA, China, Japan, Brasil, 

Indonesia and Korea.

Soybeans were introduced into South Jifrica in 1903 (r’iper and 

Morse, 1923). The f ir s t  e ffo rt to establish the crop in Tanganyika 

(now part o f Tanzania) appears to have been sno.de at Amani in 1907 

and further introductions were made in 1909 (Auckland, 1970)«

In Uganda, i t  was f ir s t  introduced from America and South Africa, in 

1938* Graham (1943) reported that a ’ large yellow’ type grew 

’ exceptionally w ell' in Nyaza, Kenya in 1943* Khodesia, Gambia, 

Malawi, the Congo and the French speaking vest African states produce
/  sj  <small amounts of soybean. There is at present a steady increase in  

production in Nigeria. The International Institute o f Tropical
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Agriculture established in July 1967 at Ibadan, Nigeria 

(HTA 1973 Report) has also in itiated intensive research program©
0 T\.

into grain legumes, including secondary responsibility fo r  soybeans.

Soybean has been known in the Gold Coast Colony (Ghana) on 

Government experimental stations since 1909 (Piper and Morse, 1923), 

but i t  has never been a familiar crop to the faxmera. Lynn (1937) 

listed twenty--three crops commonly grown in the North Mamprusi.

Four legumes were recorded as grown but no mention was made of soybean 

Geurts (1959) also never mentioned soybeans in his countrywide enquiry 

into *tbe extent to which some leguminous crops other then groundnuts 

are already grown by fanners in Ghana’ • Snow (1961) ,  however, 

indicated that between 1909 and 1956 over seventeen annual tr ia ls  

spread over sore than 12 locations in Ghana were conducted with about 

40 soybean varieties. Some efforts have since been made to popularise 

the crop both as an addition to the loea l diet and as a possible 

export crop but without much success (Snow, 1961). Geurts in 1961 

made introduction of 29 soybean varieties from TIaching»8%s Tanganyika 

but they had a ll lost v iab ility  by 1963 when tria ls  were made at 

Legon. According to Mercer-Quarshie (1973)» S.H« Evelyn did some 

work on soybean at Kwadaao from 1967 -  1972. iidansi, in 1966, found 

that some 12 varieties planted at Bunso, were promising. In October 

1967, Evelyn began adaptability tria ls  with seven of these 12 

varieties received from Adansi but results o f these are not available. 

Ksowah (1973) carried out tria ls with the varieties "Improved Pelican’,
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'Clark 63 ' ,  '.Davis’ »nd •Bragg" in 1969 and with "Hardee9, 'Jupiter'* 

'Biloxi* and 'Otootan' in 1972 at the University o f Science and 

technology, Kumasi. Yields o f  a l l  varieties except Hardee and

Jupiter were not encouraging. Since 1970 there teve been over 70
 ______  A aw. I'-f'

introduced,varieties. Some o f the best adapted varieties the Legon 

Crop Science Department has tested appeared to be those from the 

Phillipines (CBS 486, CES 407), USA (Savis, Hardee, H ill, Improved 

Pelican) and Canada (Amsoy).

2 . Taxonomy

Soybean, also called Chinese pea, fcnchuria bean, so ja bean and 

soya bean, has been called by different botanical names. These include 

Glycine so.ia (L ) Sieh. and Succ.5 Glycine hispida (Moench) Maxim.f 

Soia max (L ) Piper; Dolichps so.ia L .j Phaaeolus max L. etc. According 

to Lawrence (1949)* perhaps no plant has been subjected to more name- 

changing than has the soybean. Most taxonomists, however, now seem 

to share the contention o f Sicker and Morse (1948) that the correct 

name for soybean, according to international botanical rules, should 

be Glycine max (L) M errill. Soybean then is  classified as belonging 

to the family heguminosae, sub-family Papllionoideae, and genus 

Glycine.

3. Botany
-*■ 7

Soybean is  erect, bushy and leafy  herbaceous annual. I t  may be 

o f a height of 20cm to 180 cm depending on the variety and environment

University of Ghana          http://ugspace.ug.edu.gh



(Poehlman, 1959)* The leaves are usually tr ifo lia te  and the leaflets 

may range from linear to ovate or oval in shape. Most varieties 

have a dense taray or gray colored, pubuscenoe on the stem, pods and 

leaves. Some varieties of soybean produce determinate, while others 

produce indeterminate type o f growth. This depenis on whether or not 

flowering in each esse, the terminal bud develops into a terminal 

inflorescence and thereby curtails farther vegetative growth 

(poehlaan, 1959).

Soybean flowers are perfect, completely s e lf- fe r t ile  and 

normally self-pollinated. The color asay b© purple or whit© or rarely 

& oosabination o f these colors. Many of the flowers drop o f f  without 

fonsing pods. Hi® pods are borne on short stalks at th© nodes is  

clusters. Hie seeds are round to e llip t ic a l and the number per pod 

may vary from one to five  but most cossasrclal varieties are usually

2 - 3  seeded (PceblEs®, 19591 Purse&Love, 1968). 13ae testa color
■ • £'0 'y ,'(,

may b© yellow, straw, cream, green, brown or black, or & mottled ia 

combination o f these colors (Boku, 1973)* 'Qie color of the cotyledon 

may be either yellow or green.

termination is  ©pigesl and under favourable condition of 

temperature and moisture, seedling may emerge from 4 to 7 days after 

planting (Howell, 1963) .  The developed tap root may penetrate as 

deep as 150cra. However, the bulk of the root dry weight usually 

concentrates in the upper 7*5 to 15cm of the so il (teitchell and 

Russell, 19715 Boku, 1973). Inoculated plants may bear root-aodales.
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Vegetative growth ceases completely about the time o f seed

development and dry weight of leaves, stem and root decrease thereafter

(florst and Thatcher, 1931; Doku, 1973).

4. Culture and Cultivation

Soybean is  a plant primarily adapted to temperate regions with

fa ir ly  humid warm summers. I t  is  very sensitive to changes in its
ICvn/jt jP

environment (Doku, 1973) but in general, the.climatic adaptation o f 

soybean is  about the same for maize. Soybean is susceptible to drought 

particularly at germination and during flowering and early pod setting.

Soybean requires fe r t i le  so il, generally a sandy or clay loam 

containing fa ir  quantities o f potash, lime and phosphorus (Piper and

Morse, 1923). I t  w il l  usually thrive on soils that reasonably

support maize. Provision of suitable fihigobla spp is  o f (great 

advantage for yield (Sorwli, 1974) especially in soil with marginal 

nitrogen levels . Under nearly a l l  conditions, soybean must be grown 

in rows.

Seed competition affects soybean yields (Weiss, 1967) more than 

maize, weed control should be effected particularly within the f irs t  

30 - 35 days when most varieties are about to flower. By 60 days, 

most soybean crops should have developed enoutjh to shade out weeds 

0-eiss, 1967; Hume, 1973: Personal Communication).

A number of pests and diseases attack soybean especially in large 

scale production ( Piper end Morse, 1923s ’Weiss, 19̂ 71 Hobertson, 1969)* 

However, no pests or diseases of economic importance have so far been
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recorded in  Ghanas except a few insignificant cases o f attack by 

lea f-ro llers e .g . larva® of the moth, Kucrysops malathana« mice 

and Cercospora le a f spot (Nsowah, 1973 5 Meroer-Quarshi©, 1973)» 

Slaturity period ranges from 75 days (very early ), to 200 days 

or more (very la te ) (Piper and Morse, 1923).

The average yield o f beans per hectare varies between 500 and 

2500kg depending on variety, harvesting and the Manner of cultivation.
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I I .  SPECIFIED TREATMENTS

1• Effects o f mulching on emergence. .growth and yield of soybean

In the humid tropics soybean often emerge poorly a fte r  planting 

because seeds lose their v iab ility  rapidly in storage and because the 

large cotyledons have d ifficu lty  in penetrating the crusted so il 

surface. This crusting could be broken up by hoeing, by the use of 

mechanical cultivation equipment or by mulching (Versa and Kohnke,

1951* Adams, 19651 &reb, 1966) .  In the use o f mulch of plant residue, 

micro-organisms usually multiply during decomposition and these help 

pulverise the surface s o il. Plant growth and development, in general, 

are influenced by so il temperature and so il moisture both o f which are 

influenced by mulching. Even though a ll  the changes in the so il 

caused by mulching may improve soybean stands, few experiments to test 

these effects  on soybean have be® reported.

Various mulching materials have, however, been used to investigate 

their effects on soil conditions and plent growth. These include 

mulches o f plant residue, animal dung, synthetic materials like 

glass-wool, so il set and turfiber, and inert materials like rock, 

gravel and sand (Stephenson and Schuster, 1945; Choriki, Hide, Krall 

and Brown, 1964, Fairboum, 1973)* Mulching the soil surface with 

plant material can lower so il temperature, decrease crusting, conserve 

so il moisture end reduce so il erosion (Mo Celia and i-'uley, 194.65 

Vgrma and I ohnke, 19515 Hanks, Bowers and Bank, I 96I 5 Adams, 1965*

&reb, 19665 I1'a ir bourn, 1973)» ^arly work in the U.S.J'. was reviewed
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by Verma and Kohnke (l95l)» who cited seed yield responses ranging 

from increases of 390kg/ha to decrease^ of 8lkg/ha following mulching. 

They also tested plant residue and an inorganic mulch of glass-wool 

and had consistent yield increases during 2 years. Burrows and 

Larson (1962) reported that as litt le  as 2510kg/ha of chopped com 

(%ea mays L .) stalk mulch materially reduced the growth of corn as 

indexed by plant height and dry matter production in the North Central 

States, U.S.A. This has been explained as due to the reduction in 

soil temperature in the cool wet early season (W illis, Larson and 

Kirkham, 19575 Burrows and Larson, 1962) .  Fairbourn (1973) used 

gravel and maize ( Sea mays L«) stalk mulches on four crops, including 

soybean in the U.S.A. Siulching increased soybean yield by over 

300kg/ha. In a recent trial in Nigeria (IITA, 1973) mulching with rice 

straw decreased maximum mean soil temperatures at 5-cm depth and 

improved percent establishment of two varieties of soybean -  ('Kent* 

and *280-3*) -  by aa much as 30-66% over unmulehed plots. Wo yield 

responses were given. Yield increases after mulching with plant 

material also have been reported for potatoes, cowpeas and groundnuts 

grown in the tropics (Blane, 1949; Miller, 1955; Nye, 1952; Ashrif 

end Thornton, 1965)•

2. Effects of Temperature on gemination and ianergence o f Soybean 

Soybean is sensitive to temperature and daylength (flamer and 

Allard, 1920, 19235 Parker »nd Borthwick, 1939? Brown, I 96O5 

Hartwig, 1970). Temperature provides both a working condition for

9
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nearly a l l  plants and the energy necessary for their v ita l processes. 

Temperature also om have a modifying e ffec t on plants' response to 

daylength (G&rmr and Allard, 1920, 19235 Vm tiehaik and Probat, 1958; 

Boku, 19735 Breuer, 1974). Daylsngth variation in Ghana is  very slight* 

hence temperature and ra in fa ll sre th© two most important variable 

environmental factors which may affect varieta l establishment and 

performance. Observations o f poor and erratic seedling emergence of 

soybean resulting in poor stands have been reported (Snow, 1961; Grabe and 

Metzer, 19^95 XTTA 1973 ’Report). Suoh poor stands may result fro® the 

use o f seeds with low v iab ility  due to improper timing of harvest 

(IITA 1973 Report) and improper storage. I t  oan also be due to varietal 

causes (Ayers, 1952; Grab® and Metzer, 19&95 Wien, 1973). The effects 

of high so il temperatures on -the vigour o f emerged seedlings have 

also been suggested to be a possible cause o f poor stands (IITA 1973 

fieport) since high a o il temperatures over 40° C are not imcomon on 

the Accra Plains (&toeckor-Kove, 19&5) and at Ibadan (IITA 1973 Report).

Most of the newly introduced soybean varieties in £h&na and in 

Nigeria ( i l l a  1973 Xteport, Ibadan) were 'developed in  the temperate 

regions especially the USA and Canada, iioase o f these Varieties do not 

do well under local conditions (Nsowah, 1973) and at other subtropical 

and equatorial areas (Leng, 1973)* Furthermore, information on 

emergence characteristics on soybean seedlings in Ghana is virtually 

non-existing. Such information may help in identifying genotypes that 

carry the poor emergence characteristics and thus help in the exclusion 

o f such genotypes in future breeding programme.

10
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Soybean varieties d iffe r  in their temperature responses i

(Brown and Chapman, 19&0; Doku, 1973) and the temperature optima and 

minima also vary according to the stage o f growth as well as for

different plant organs. In spite of these varieta l differences, Fukui,

Mutsuo and «atanabe @965) observed a general trend of response for 

apparent pho to syn the t ic  rates for soybean varieties that had then been 

studied. She rate was found to reach a maximum around 15°C, remain 

high up past 20° G to about 35°C a fter which there is  a sharp drop.

This trend seems to support earlier report by iiarly and Cartter (1945) 

that the height o f soybean plants increased with increasing temperature 

from 2°C to about 17°C, remained uniform from 17°C to about 27° G and 

decreased rapidly at 37°C. They added that root temperature from 

about 22° C to about 27^C appeared to be most favourable for maximum 

dry weight production o f top and roots of soybean plants. Howell 

(1963) also observed that generally, higher temperatures over 38°G 

early in the season reduced ttie rate o f node formation and internode 

elongation leading to a reduction in plant size.

Brown ( i 960) Brown and Chapman (1960) used a temperature range

between 10 to 32°C to develop a Soybean Developmental (Heat) Index, 

however, probably, due to the narrow range o f temperature adopted in 

the derivation o f the equation, i t  is  rarely used. The Average Rate 

o f Soybean Development, Y ( i . e .  the reciprocal o f the number o f night
- 1 iojt;

hours from planting to flowering: Y «  !IT^TlTours- to"Flowering)

showed a curvilinear relationship with temperature. They suggested that
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probably 10°C (50°F) was the threshold temperature for development
Q

and 25 0 the optimum» However, Early and Cartter (194-5) had shown

earlier that growth (height) of soybean was possible at root temperature

around 2.2 and 7*2° C (mean 4.7°0). They agreed, however, that root

temperature as low as 12°G end as high as 37°G restricted production

of dry weight of soybean (cv. Dunfield and Manchu). In four o f their

five experiments also, root temperature as low as 17°C prevented

maxlmim plant development®

In terms of germination percentage snd the development of

secondary and primary roots, the optimum teaperatures for soybean

(cv Improved Pelican, L.Z. and Penasoy) were found to be 30°C and

20/30°C alternating temperature (Aquino and Bekendam, 1969)* Gr&be

and Ketzer (19^9) reported that hypoootyl elongation o f dark grown

’lord* soybean seedling was severely inhibited at 25°G but was normal

at 15, 20 and 30° C while that of "Hawkey©8 soybean »as normal at a ll

four temperatures. They concluded that the distinct varieta l

difference in emergence ab ility  appeared to be genetically controlled.

Recently at IIIA , Ibadan, soybean (len t) germination experiments at

four temperatures o f 21, 27, 52 and 38°C have indicated interaction

between seed quality and so il temperature. Germination percentage

decreased from 81.3^ at 21°C to 65, 50, and }.8 $  at 27, 32 and 38°C

respectively (IIXA 1973 Eeport). I t  was deduced that somewhere between 
o32 end Jo C is  a crit ica l temperature above which even the best quality 

seed available may not germinate well. Other preliminary studies

12
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at Ibadan with soybeans (cv Kent and 280-3) and cowpea (cv Prima) 

have also indicated that high temperature can significantly inhibit 

the elongation of hypocotyl ( ‘.Vien 1973) • frrabe and Metzer (1969) 

used the ability of germinating seeds to emerge from 10cm depth of sand 

at 25°C to classify twenty-five soybean varieties at Ames, Iowa, USA. 

Based mainly on the mean of variety yields in trials at 2 locations 

in Nigeria (IITA Ibadan and Bende) and one location in Ghana (Kpong), 

Camacho (1973) concluded that the soybean varieties Improved Pelican, 

Bossier, CES 486, Kent and Ching Hsing Ko.1 were suitable for those 

and other similar environments.

3. affects of Storage conditions on Soybean Seed Viability

Soybean production in Ghana could be hampered by the rate at which 

seeds lose their viability when exposed for long periods to warm, 

moist air. Seeds which normally look healthy fa il to germinate.

The seed quality characters of soybean are influenced by environmental 

conditions both during seed formation and during storage. Viability 

in stored good seed is conditioned partly by humidity and temperature 

of storage, and partly by the moisture content of the stored product. 

These factors Eay be influenced by the type of material used as 

containers for the product during storage.

She effects of storage conditions on soybean seed viability, 

together with additional data on longevity have been reviewed by 

Owen (1956) and Barton (1961). Suitable storage conditions for soybean 

seeds require low moisture content (>6),  low temperatures ana suitable

13
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relative humidity (%). Toole and Toole (l% £ ) found low moisture 

content and low temperature to be important factors in retaining 

viability of stored soybean seed. Srabe (1965) listed moisture 

content, temperature and past field history of the seed (particularly 

in relation to mechanical damage) as the main factors affecting 

longevity and viability of soybean seed in storage. Dorworth (196?) 

found soybean germination percentage to decrease with increase in 

initial moisture content and the temperature in storage. He observed 

that the germination percentage of seed remained above 90>= during 

24 weeks of storage at the lowest used moisture content (12.1%) and 

temperature (15°C). Increasing the storage temperature or seed moisture 

content has also been found to shorten the period before germination 

percentage begins to decline (Borworth and Christensen, 1968; Mayeux, 

Esphahsni, Loewer and Johnson, 1970). Gvosdeva and Zhukova (1971) 

found soybean seed with h i#  in itial moisture content to b© very 

susceptible to deterioration resulting from long term storage in open 

containers. They attributed the high sensitivity of soybean seeds to 

storage conditions to the structure of the seed epidermis which is not 

firm and breaks up easily. In a study of germinability in seeds of 

some 18 field crops, including soybeans, stored in sealed or open 

containers, Khoroshailov and Zhukova (1971) found seeds with higher 

moisture content (%) and those stored in open containers to lose their 

germinability faster and to a greater degree then drier seeds and seeds 

stored in sealed containers. Hukill (1963) has computed an ’age index*

14
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for soybeans for estimating viability, based on seed moisture 

content and storage temperature, ( i .e .  Age Index * storage time in 

months x 10 , where x = 0.143 times percentage moisture and

y = 0.0645 times storage temperature in °C). H® found that germination 

percentage was a fairly precise though complex function of the age 

index. Soybean germination began to decrease after an age index of 

15*000 was reached.

Most workers haw found polythene bags and other moisture- 

resistant containers to be more suitable than cloth or paper bags for 

safe storage and transportation of high quality seeds under various 

climatic conditions (Ching, Taylor and Rowell, 19^0; Tool®, Toole 

and Nelson, 1961; Harrington, 19631 Helmsr, Caldwell and Bunch, 1963? 

Clark, 1963} Maokay and Flood, 1970). Ching and Aton-Shakara (1965) 

found polythene bag of 10-mil thickness to maintain the viability of 

crimson clover seed longer (6 months) in storage than 2-mil polythene 

bag (2 months). Seeds in cloth bag lost viability in one month.

Andrews (1970) found no advantage after 18 months of controlled 

storage conditions ( 6°C, 3Cp RH) in the use of polythene bags over 

paper bags for soybean seeds at high in itia l moisture contents (1 j/v) 

i f  the HH. of the controlled storage atmosphere is low enough to cause 

the stored seed to lose moisture. However, seeds with lower initial 

moisture content ( 7?“) in polythene bag maintained germination capaoity 

and vigour.

Hanfenricher, Foster and Schwenfliman (1965) have reported that 

the geographical location where seed was stored had a pronounced

15
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and definite e ffec t on longevity and v iab ility . They concluded 

that the v ia b ility  of seeds of 4 legumes end one forb was greatest in 

cool dry climate and least in the warm, humid environment. Mandy and 

Sza'oo (1970) working in 2apioszele, Hungary, found seeds of 13 soybean 

cultivars stored in paper bags in uncontrolled condition to retain 

their germination capacity fo r  3 - 4  years.

iidje and Burnis ( 1970) studied some physiological and biochemical 

changes in deteriorating soybean (cvs Amsoy and Hawkeys) seeds which 

were aged a r t i f ic ia l ly  by storage in sealed jars at 40°C and 13; 

moisture content for up to 20 days. They reported that respiratory 

rate, carbohydrate and nitrogen contents decreased with storage; and 

that the contents of non-reducing sugars f e l l  more than those of 

reducing sugars.

Green, Pinnell, Cavanah and Williams (1965) working on three 

varieties of soybean concluded that soybean seed v iab ility  and vigour 

may be measured by visual ratings of seed character, laboratory 

germination test and f ie ld  emergence tr ia l.

4* affects o f Inter-row spacing on performance of Soybean Varieties 

Spacing and its  relationship to y ie ld  sometimes present a problem 

to the management o f f ie ld  crops nerdy introduced to any loca lity . 

Plants with different habits of growth may d iffe r in their manner o f 

response to the pattern of distribution in space which in turn may 

influence their yield. Also most crops have optimum density for yield 

beyond which no significant increase would oocur with further increase 

in density. Soybean which under nearly a ll conditions need be grown

16
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in rows* is  a re la tive ly  new crop to Ghanaian farmers most of whom 

practice mixed-cropping.

Ĵhen soybeans are grown under conditions of adeq.uato moisture 

and fe r t i l i t y  the seed yield usually increases as inter-row distances 

become narrower until practically a l l  the inclient sunlight is  inter­

cepted by the time o f flowering (Shibles and Weber* 19&5* ’•»eber, Shiblee 

and Byth, 19&5)• As plant densities increase beyond those intercepting 

nearly a l l  the sunlight, yields usually decrease (Hinson and Hanson, 

19S2). Soybean yields at high plant densities under good growing 

conditions often are limited because plants lodge severely (Cooper, 

1970; 1971a; 1971b). With increasing plant densities and decreased 

in ter-row distances plants become iaore etiolated, less branched and 

have fewer pods and less seed yield  per plant. At optimum plant 

spacing, th® product o f seed yield per plant and plants per hectare 

is maximised. She inter-row distances and plant populations at which 

optimum seed yields are obtgined depend largely on plant height and 

siae. More small-statured plants at narro'.rer row widths usually are 

required to achieve high yields.

Snos? (I9 6 l) has sammrised soae experimental work on soybean in 

Ghana sine© 1909. He mentioned that some comparisons on y ield , 

planting distance and spacing, optimum time o f planting and place in 

rotation have been done but in a l l  cases no concrete recommendations 

were made. Lehman and Ltmbert ( i 960) used two inter-row spacing of 

50.8 and 101.6cm and four within—row spacings with the two varieties 

•Mandarin* and ’Blackhawk1. Tfae,y concluded that seed yield, tended to
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be higher at- the narrower spacing between rows. According to 

leiaa and Sherwood (1965) different workers have found seed yield 

of soybean to be highest at the narrower row widths used in different 

tr ia ls . Using five  inter-row apacinge aid four seeding rates at 

Southern I l lin o is , they found that row-width spacing o f 6,1am consis­

tently produced highest seed yield followed in decreasing yield order 

by 40.1, 20.3 , 81.3 and 101.6cm row widths. Gray (196?) reported that 

yields of the variety 'Belgian Congo* grown in Kenya in 1965 were I 863, 

2001 and 2351 kg/ha at 61, kb-7 ?nd 50.5caa inter-row spacings 

respectively. In other tr ia ls  in East Africa ( eiss, 19675 Auckland,,

3-970), decreasing inter-row spacing from 71 •"! to l7«8cm increased 

seed yield  of two varieties of soybean. In fie ld  tr ia ls  during 2 years 

in I llin o is  with soybean cv 1Harosoy 63* and ’Wayne* sown in rows 

25.4, 50.8 , 76.2 and 101.6cm apart, wax and Pendleton (1968) reported 

that seed yields increased with decrease in  distance between rows.

Bayne yielded more than Haro soy 63 at a l l  row spacings. Bastidas

et a l . (1971) used three soybean varieties, including 'H ill*  at inter-

row spacing o f 60<aa and d ifferent intra-row spacings o f 2 to 12 cm

which resulted in six densities ranging from 138,333 to 833*333

planta/ha. Tney found 'H i l l  to give the h ip es t yields at the narrower

spacings*

I f  fe r t i l i t y ,  moisture or disease are lim iting, inter-row spacing 

mgy have l i t t le  e ffec t on soybean y ield . Gray (19£>7) found that yields 

o f the variety 'Belgian Congo' grown in Kenya in 1964 at 61, 45«7 n̂d 

30.5 inter-row spacing did not d iffe r . He noted that the tr ia l was
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deficient in P, had received no fe r t i l is e r  or inoculation, and 

suffered virus disease and bacterial blight ( Pseudomonas pXyclmSj^ ). 

Using inter-ro® spacings of 2§, 50, 75 and 100c® end densities o f 8, 

16, 24 or 32 plants/m o f rows, VaL ®t nj,. (1371) reported that as 

inter-row spacings decreased to 25® , groin yields increased to 

a maximum o f  5*2 and 3.6  tons/ha for sHar&@e9 and ’ Improved Pelican' 

respectively. Th® tri&L had adequate V and K. Oba et a l. ( 1961) 

found lower plant populations to result in greater pod set and 

increased dry matter production o f leaves and stem.

Greater Rnd more consistent yield increases from reduction in 

inter-row spacings have also been reported for other r cm crops like 

groundnut (Cos and Reid, 1965) and cowpeas (Hai*el, 1972).

Keiss and Sherwood (1965) reported that wider row width produced 

the heaviest seed and narrower row width the lightest seed. Probst - 

(1945) working on four soybean varieties at a constant inter-re® 

spacing o f 76.2em but five  d ifferent intra-row spaoings concluded 

that generally the distance between the plants in the row had l i t t l e  

effect on height of plant and siss® of seed. However, thick planting 

was found to increase lodging and also delayed maturity. Lehman 

and Lambert ( 1S60) reported that the number of branches increased 

as spacing between plant increased. Hinson and Hanson ( 1962) found 

that percentage protein and plant height decreased while seed yield 

per plant, percentage o il,  seed sia®, node and branch number increased 

under wider row spacing, fteber, Shibles and Byth (1966) working wife 

the variety 'Hawkey©4 at four inter-row spacings and four populations
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ranging from 65,556 to 516,447 plants/ha, reported that plant 

height and lodging were relatively unaffected by row width, but tended 

to increase at the higher population, rtrotein percentage deoreased 

slightly in the wider row width and with lower population while 

percentage o il increased.

Most tropical grown soybeans are short-statured compared with 

varieties grown in temperate climates. Lodging at high densities is 

less of a problem in the tropics and optimum row width are often as 

narrow as 15~30cm. By contrast, most soybeans grown in the Midwestern 

USA are grown at inter-row spacings of 60-100cm (Scott and Aldrich,

1970). Cooper (1971b) observed that the tendency of soybean plants 

to lodge was greater in rows 17cm than in rows 50cm apart. Bastidas 

et al. (1971); val et a l. (1971) reported that plant height, height 

of lowest pod and lodging increased, and branching decreased as plant 

density increased and/or inter-row spacing was reduced. Pods per plant 

increased as inter-row spacing increased (Val et a l . . 1971)«

Li^it interception and LAI increased with increase in plant density 

(Hanson, Brim and Hinson, 1961; ?<eber et a l., i 960; Bastidas e_t a l . .

1971)» and seed size is generally independent of row width.

In general, chemical composition of soybean seed, which is more 

of a varietal characteristic, Is little  affected by inter-row and 

intra-row spacing (Hanson et a l.. 1961; »eber et a l., 1966).
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111 • 2B& ACCRA t 'M ia

1• Location and Size

Bie Accra Plains region l ie  in the south-east of Ghana between

parallels 06°  14,N and 05° 29,W, and the meridians 00° 23 ' "  and 
o E00 41* . It is the area lying between the Akwapim fiidge, the lower 

Volta River and the sea. The total area is  s ligh tly  over 1 ,500 

square miles (3,900 sq.Km.) or almost 1,000,000 acres. I t  forms 

part of the South Eastern Coastal plains (Braramar, 196?)• Ghana has 

a tota l surface area of approximately 92,000 square miles (approx. 

240,000 sq.Km).

2. Rainfall and Temperature

The Accra i’lains experience two peak rainy seasons. The major 

rains start from March -  April to mid-July and the second, the minor 

rains, start from mid-September to early December. The second rainy 

season is  less reliable th&n the f ir s t .  Bean annual ra in fa ll 

increases from around 76.2cm in the Coast to 101.6 -  127.0oh» in the 

extreme north. 'ih.@ greater part of the Plains, however, probably 

receive less than 88.9cm (Brantmar, 1967). At Legon, Accra, the annual 

mean total is  75.1cm, with May -  Juno and September - October being 

the periods when rela tively  high monthly totals occur (F lg.1 ).

Air temperatures are highest during the main dry season 

(December -  February) and lowest during the short dry season 

(July -  August). Soil temperatures which are usually higher than air 

temperatures, follow similar trend over the year (Gbeckor-hove, 1965)
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SECTION B 

E X P E R I M E N T A L

IV. EFFECTS oy TOgflNS ON KMKRGLTICE. PRO -Til 
AND YIELD OP SOYBEAN

1 . MATERIALS AND METHODS

In these studies experiments were conducted both in the field  

and in pot*, using the varieties 'H ill*, ’Kent* and *CES 486**

(plate 1 ).

Field Experiment

The two f ie ld  experiments were conducted at the University Farm, 

-egon, during the major and minor rainy seasons o f 1973* The soils 

are sligh tly  acid (pH = 6.0) free-draining ligh t sandy, s ilty  loams 

with a tendency to crust badly after rains, tyaeh experiment was 

arranged in a randomized block design with four replications, each o f 

the three varieties being grown vuith and without a grass mulch.

In the major season experiment, planted 14 May 1973> slightly 

chopped Guinea grass, ( Panicum maximum*Jaoq.) at 54-00 kg/ha ®as applied 

immediately after planting. In the minor season experiment, planted 

November 1, 1973, similar rates of pyramid dropseed, ( Sporobolus 

pyramidal!s. Beauv.), were used as mulch. Plot sises were 4.5 x 2.to 

with 50cm inter-row spacing. Seeds from previously grown crops were 

used in the major season experiment. Seed h,urvest©& from this first  

experiment was used to plant the minor season experiment. A ll seeds 

were treated with commercial inoculnnt prior to aovidng by hand at 

a 2.5cm planting depth. A distance o f about 5cm between seeds was used 

in the major season. The minor soason experiment was sown at 1.5cm
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Three Soybean varieties -  CES 406, Kent and Hill 
-  grown in boxes. (Mote: relative heights; 
brandling in CI.S 466; compact pod set in H ill).  
(Sown 22 ilcy, 1973: Picture taken 20 August, 1973)

PLATE 1
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A %
between seeds and la ter thinned to an average o f 82 plants/m^&A

JO ^No fe r t i l iz e r  was applied in both seasons. However, residual fer 

lity could have been moderately high, particularly in the minor 

season experiment which was grown following a crop of maize which 

received 80, 40 and 40kg/ha o f N, P and E respectively. A ll weeding 

was by hand hoeing, but no pest or disease control measures were 

applied. Sprinkler irrigation  was applied as necessary.

Measurements taken included in it ia l stand, days to f ir s t  

flowering end maturity, plant apex height at f i r s t  flowering end 

maturity, 100-seed weight and seed y ie ld . Plants from 8m o f the 

centre two rows in each plot were pulled by hand after dates of 

maturity (when 95/5 of the pods were brown) had been recorded.

Shelling was done by hand. Seed moisture content was recorded with 

a grain moisture tester (Dickey John Corpj, Auburn, I l lin o is , U.S.A.) 

and yields were converted to 137° moisture. In the minor season 

experiment, nodule counts were made on 10 plants selected at random 

from the fourth rows o f each plot at the pod-filling stage (21 Dec.). 

Ten-plant samples also ®ere harvested from the fourth rows o f each 

plot for total dry weight when bottom leaves were beginning to sen®see. 

Lodging scores at maturity were recorded fo r  this experiment, based 

on the rating o f 1 (erect) to 5 ( f la t  i . e .  completely lodged).

At harvest, pods per plant and iuain stem nodes also were recorded.

iaoil temperatures at 2.5cm depth were measured In a ll  plots within 

1h of application of the muloh, using so il thermometers. Subsequent 

daily so il temperatures wore taken at 15Q0h over the f ir s t  8 dcys in
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th® major season experiment. On May 17» soil temperatures were 

taken at 2-h intervals from 600h to I800h. Beginning at 600h on 

May 22, temperatures were taken at 1-  or 2-h intervals for 21fh.

Soil temperatures in the mulched and unmulched plots during the minor 

rainy season were measured on three different days after planting 

(Fig.2) .

Soil moisture contents of samples at, 12,5cm depths in each plot 

were taken after mulching and 10 days later during the minor season.

No precipitation occurred during this 10-day period. No soil moistures 

were recorded for the major season experiment because precipitation 

was frequent after planting.

Pot Experiment

This experiment was started on 25 August, 1973 to collect 

detailed information on plant response to mulching. Seeds of the 

three varieties (H ill, Kent and CES 486) were planted in 15cm diameter 

x 15cm-deep black paper-pulp pots containing a 1 :2:1 mixture of sand: 

loam: humus. A randomized block design was used with four replica- 

tions. Seeds were sown at five seeds per pot and a mulch of dry 

grass ( Sporobolus p.vramidalis. Beauv.,) was applied at 11.0gm per pot 

(about 5500 k&/ha). Seedlings were thinned to one per pot by the 

tenth day from planting. Plants were grown in the open on raised 

wooden platforme and watered twice daily with 250ml tap water.

Data collected inoluded plant heightss stem diameters, days to first 

flowering and maturity, number of flowers and pods set, numbers of
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ffiatured pods, nodes and branches on main stems and seed yield .

Final harvest was on 30 November, 1973 •

2. RESULTS mWP DXSCUSaOW •. . - . _ •'

Field iixperiments

Soil temperatures at 2»5em depth following the major season 

planting did not d iffe r  among varieties and values were averaged across 

varieties. Temperatures were consistently about 3.5°C cooler under 

the mulch during the warmest daily periods (F ig .2 ). In the few cases 

where night-time or early morning temperatures were measured, mulched 

plots appeared to have slightly higher minimum temperatures, similar 

temperature differences between umsulcfaed and mulched plots occurred 

a fter planting in the minor season, although the data suggested 

maximum soil temperatures were lower during the la tte r  season.

Soil moisture contents in a l l  mulched plots in the minor season} 

averaged 14.9% immediately after mulching, cosapared to 13.$% in un­

mulched plots. A fter 10 days without rain, mulched plots averaged 

10 • 5~ , compared to 8.7fo for uruaulehed plots. Even though mulched 

plots had sligh tly  more moisture at planting, th© unmulcbed plots 

dried more ia  the 10 days after mulching.

Mulching consistently increased the number of plants which 

©merged for each o f the three varieties grown during the aa&jor rainy 

season (Taole 1 ),  even though emergence or a l l  varieties was very poor. 

The seed had been stored for over 5 months at ambient temperatures and 

v iab ility  was low. Mulching appeared beneficial in improving stands 

ssihen seed quality was marginal.
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L O C A L  T I M E

PIG.2. DIURNAL F L U C T U A T I O N  IN SOIL T E M P E R A T U R E  A T  2-5 cm 
D E P T H  IN MUL CH ED  AND UN M ULC HED PLO TS .  DATA ALSO 
A R E  SHOWN ^OR INDIVIDUAL  DAYS A F T E R  PLANTING IN THE 

M A J O R  AND MINOR R A I N Y  S E A S O N S .
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Jtalohing clitl not a ffect flowering dates o f any of the varieties 

but aid cause consistent increases in plant height (Table 1 ).

Hiis increase in height was not caused by etiolation o f plants at the 

higher population in the mulched plots because a l l  populations ware 

so low that l i t t l e  inter~plant competition for ligh t would have occu­

rred. Also in the other two experiments in this study, plant height 

at flowering was greater in mulched than uraiulched plots, and the plant 

populations for the two treatments were similar.

Plant population at maturity was lower than the in it ia l  popu­

lation, but there s t i l l  were consistently more plants in the mulched 

plots. The short, determinate H ill variety responded less than the 

ta lle r indeterminate varieties, Kent, and GSS 486. The time to 

maturity was~unaffected by mulching (Table 1 ).

Seed yields of a l l  three varieties were markedly increased by 

mulching. Yields o f Kent were low because o f the poor stand, since 

this variety was observed to pod well. Plants of C&S 486 grew taUfcte* 

and bushier, and yielded well inspite o f the poor stand (Table 1 ) .

Most soybean varieties, espeeially the indeterminate types, branch 

profusely i f  given sufficient space (Poehlraan, 1959) under suitable 

conditions. rChe plant populations o f H ill were higher and, although 

plant3 were short and small (Plate 1 ), seed yields in mulched plots 

were quite high (Table 1 ) .  Seed moisture content ($>, wet basis) was 

higher at shelling in mulched plots, probably because drying in mulched 

plots did not occur as rapidly os In unusulehed plots. ;Seed size in Kent 

and CSS 486 also was greater in mulched plots (Table 1 )®
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TaUe 1 Xffeots o f  mulching on energenoe, growth and y ie ld  o f  three soybean Tarietl*®  
grown during the major ra in y  season o f  1973

Variety Treatment In it ia l
stand
Plants/*2

Days to 
Flower

Plant 
height 
at f i r s t  
flower 

(«■ )

Stand at 
maturity
plants/«2

Plant height 
at

maturity
(on)

Day* to 
Maturity

Crain
y ie ld
kg/ha
e  n%
Moisture

% Moisture 
content at 
shelling

100*eeed
» t ( g )

H ill Control 12.9 - 27.0 23.1 10.0 25.2 90 1026 11.9 17.4

Mulched 19 A 27.0 25.2 15.8 26.6 91 1914 12.2 17 A-

East Control 5.7 23.fi 21 .1 2.3 38.6 103 641 11.5 20.9

Kulched 8.0 23.3 23.6 5.7 44.6 100 1334 11.7 22a

CBS 436 Control 5.8 41.0 36.8 3.9 82 .4 120 1840 8.6 18.5

Mulched U .9 40.6 u . e 7.7 90.3 120 2551 9.2 1 9 .8

Souroe o f Variation

Varieties ( » ) . * . . . . *• •• ** •• •*

Mulcting 00 •• mm e* *• ** « . mm

V z  It *

C.T. (J6) 31.2 1.8 5.4 34.3 4~0 2.4- 27.9 3.1 4.5

* •* Significant at P  .  o.05 and 0.01, respeotlrsly.
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A disadvantage o f mulching in the major season experiment was 

that mors damage from Sclerotlum r o l fa i i  occurred on mulched than on 

unmulched plots, but yields appeared to be very l i t t l e  affected.

I t  was also observed that there were more purple-stained seeds in 

mulched than unmulched plots.

Minor Season

Mulching did not a ffect plant populations during the minor rainy 

season (Table 2 ). The seeds for these plots, which had been harvested 

2 to 3 months before planting and stored in polythene bags, had good 

germination and vigour. Also, so il crusting was not as severe as in 

the major season. Mulching affected plant development and growth as 

much as i t  did in the major season t r ia l.  Bays to flower were 

decreased sligh tly by mulching in two varieties, but increased sligh tly  

in CBS 486 (Table 2 ). Plant heights at f i r s t  flower increased with 

mulching, as did nodes on the main stem and pods per plant. Although 

there were more pods per plant end seeds were larger (Table 2 ), grain 

yields were not significantly increased by mulching and in H ill there 

was a decrease. These results suggest that mulched plants averaged 

fewer seeds per pod than unmulched plants. Total plant dry weights 

at the pod-filling stage of development also were not appreciably 

increased by mulching. Two factors may partia lly explain this lack 

o f yield response to mulching; ( i )  lodging, which was increased 

considerably by mulching, and occurred particularly early find severely 

in CBS 486 variety (Table 2 ). As observed by Cooper (1971) lodging
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Table 2. S ffeo t* o f  BUicfcitg on energenoe, growth ted y iu ii o f  aoybeeu 
Tarieties grown during the rrdncr rainy osaaon o f 1573

Variety Treatssnt
In it ia l
Stand
Plant/
m2

Cays to 
Tlcwsr

Plant
height

at
f i r s t
flower

(ea)

Tbtal 
Plant 
dry wt. 
at lata 
pod» 
f l l l in g  
( « )

Stand 
at aatu- 
r i t y  
Plant*/ 
*2

Height
at

n&turA-
ty(cno)

Days to
Mat'll*
r ity

Nodss
per
Plant

PO(t«
per
Plant

lodging
*oor»
1 (ereot) 
to 5 
( f l a t )

Crain
yiald
k&̂ ba
®
13%
Mois­
ture

%
Media­
tor*
at
•h e ll­
ing

100-
ceed
» t
( « )

H ill Control 126 27 .0 21 .8 2.96 77 36.? 78 8.2 11.0 2.5 1264 8.9 13.6
Sulehed 110 26.0 25 .V 4.86 79 39.3 84 8.6 12.4 2.9 1168 9.0 15.2

Sent Control 75 2J.3 17.8 5.26 59 46.2 85 11.0 15.9 1.3 1678 9.0 17.0
Bulched 67 23.C 22.3 5.eo 66 55 .e 65 12.0 17.S 2.5 1659 9.1 17.7

CES UB6 Control 124 32.3 29.8 3.83 79 64.5 94 10.7 12.9 3*4 1076 8.4 15 A
Mulched 141 33.0 35.3 4.34 83 80.e 95 12.6 ISA 4.6 1328 8,6 16.9

Source o f  Variation

Vaxietie* (¥) 6» •• *• • «* •» * «* • + »•

Malebing ( » ) V. ** c« « #a C*

V i l ••

c.v. O ) lg .1 1.7 7.3 2 6 ,0 -LL.5 9*8 2.£ 7.3 2 5.1 1 6 .S 21.8 6 .6 5*2

• ** a l^ iiflcan t at P = 0.05 and 0.C1, respectively.
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can decrease soybean yields by as much as 20/6; ( i i )  mice damage, 

which caused many immature green pods to drop o f f  in mulched plots*

The problem was particularly severe In the mulched plots o f the short, 

densely podded ill 11 variety, (Plate 1 ), which isay explain why saulcfaing 

was not beneficial for seed yield in this variety.

Seed yields of th® indetenainute, late-maturing GfcS 486 grown 

during the minor season were much lower than those for th© same 

variety during the major season. She late planting date in the minor 

season resulted in seed development during December and January when 

normally there is  very l i t t l e  or no precipitation and the atmosphere 

is  dry. Although irrigation  was applied® plant heights at maturity 

for GES 486 were less In the minor season than in the major season.

The other varieties grew ta lle r  in the minor season, probably because 

of mere etiolation  under the higher plant population. AH three 

varieties matured earlier and had smaller seed size when they were 

grown during th® minor season (Table 2 ).

Pot Krperiment

Plants grown in pots in the open responded more to mulching than 

those grown in  the f ie ld , t'ulched plants in  pots flowered earlier 

than uraaulched plants (Table 3)* whereas this response was not 

consistent in fie ld  grown plants. In a l l  three experiments in this 

study, plant h e is ts  at f i r s t  flowering and maturity ware increased 

by mulching, although Kent and CiiS 486 plants were much shorter in 

pots than they were in the f ie ld . Probably® much restriction was 

placed on th© growth of the root system o f these teo varieties

34
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' ibX a ' E ffe c ts  o f  EUjohing on growth, flow ering and y ie la  o.t ' • 
trarietiea  o f soybeans grown in  pote

-  35  -

-’atssert at t h - A t
flaw s* 
Cob )

¥ l i  -i-t
Stem
di&iaeter
a t
f i r s t
t r i f o ­
l ia t e
BOC&IBSIJ

Total
No. o f
main
stem
nodes

Plent
height
a t
maturity
(eit)

No. of 
branches 
per 
p lant

Total
pods
per
p lent

Pads/
pl&JV'
a t
matu­
r i t y

a b le*
fora'.-:’

pods !/•;

50..’ ;5f;.c L-k.n& 5»c 8 .8 27 .5 4 .8 22 .8 14 .3 30 .3 h-4&

Svsl 2?»" V i.? 5?• ? 6 .6 9.1 29.6 5 .8 34.1 2 8 .0 4 7 .3 7 , j

rc l 26 I3*c ■ 2 $ ‘9"  ■ 5 .0 8 .5 24.3 5 .0 11 .3 8 .4 33 .e 2 o
.hc-c 2?- -0 17 vj< 6 .7 10.1 31 .9 6 .8 2 2 .5 1?«4 3 8 .5 5 .5

~C ?0 24eC 51 .9 6 .4 10.9 3 1 .4 5 .5 1 9 .0 1 7 .4 3 0 .2 3 .1
5 0 ,2 90.4 8.3- 34 .1 4 0 .8 6 .8 3 4 .8 2 8 .4 3 0 .2 6 .7

*%7 S i * *

-

*
S i * * * * * * * * * * * * *

J .C 2 8 .0 15 * h 8 .6 11.9 38 .3 3 5 .9 4 3 .7 22 .2 3®»£

' -  r -:wl j~sspeotiT»ly.

o
?
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with the indeterminate growth habit, by the size of the pots used.

Ihe bulk o f soybean root dry weight is usually concentrated in the 

upper 15cm of the so il but the fu lly  developed tap root may penetrate 

as deep as 150cm (Mitchell and Bussell, 1971} I’oku, 1973). Mulching 

greatly increased total flowers per plant in a l l  varieties (Table 3) 

and in H ill and Kent, increased the percentage o f flowers that formed 

pods, rtem diameters, main stem nodes and branches, pods per plant 

and seed y ie ld  were consistently increased by mulching.

Mulching appeared to improve soybean stands when seed v iab ility  

was poor. This probably occurred because the so il under the mulch 

developed less of a crust (Verma and Kohnke, 1951) • The so il tempera­

tures observed (F ig. 2) were probably not high enough to inhibit

emergence o f the seedling. «ien (1973) »  however, found that
ohypocotyls o f Kent elongated very l i t t l e  at 42 C. An attempt was mad© 

to separate temperature and moisture effects  on emergence by growing 

the three varieties in plots covered with white wheat flour, black 

charcoal and with bare so il, ill though differenoss in so il tempera­

tures as large as for mulched and uamulched plots were measured, 

treatments had no significant e ffec t on emergence. I t  seems from the 

results of the study that soil moisture conservation and reduced 

crusting under a mulch appeared more important than decreased soil 

temperatures in improving soybean emergence find stand.

There is an indication from the results of a l l  three experiments 

that mulched soybean plants grow ta lle r , often large and bear more 

pods than unmulched plants. Those invariably result in increased
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seed yield as was generally observed in these experiments and 

which also seem to support the results reported by Verma and Kohnke, 

(I95l)» and Fair bourn, (1973)• No attempt was made to determine 

whether high so il moistuie or lower maximum temperature is  more 

important in causing these effects* After soybeans have developed a 

complete lea f canopy, however, mulching would be unlikely to cause

much lower so il temperature. I f  therefore lower so il temperatures 1
I fl

aid soybean development, this e ffect vsoula be most important during ; ' 

early growth o f the crop.

Some mulches nay act as sources o f disease for the soybean crop. 

The increased incidence o f damage from 3clerotium r o l f s i i  in the 

major season mulched plots may have occurred because the disease was 

present on the Pan!cum maximum. Jacq., mulch. No symptoms of the 

disease were apparent in the minor season experiment, although some 

mulched plants in pots showed the same disease symptoms as mulched 

plants in the f ie ld  during the major season.

I f  soybeans are groan in  (Jhana by small-scale farmers, mulching 

could help in obtaining good emergence and establishment of seedlings. 

With large-scale mechanized production of soybean, however, the use 

of grass or other transported mulch applied after planting iaay not 

appear economically feasihle. However, incorporation of plant 

residues such as chopped maize ( Zea mays !».) stover into the so il, 

i f  maize precedes soybeans in the rotation, would be desirable to 

reduce crusting and increase so il water-holding capacity.

37
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3. SUMMARY OF RESULTS

Three varieties (H ill,  Kent, and GES 486) were grown in 

two fie ld  and a pot experiment with and without grass mulch 

applied after planting in 1973• In 1iie f ie ld  experiments mulching 

decreased maximum aoil temperatures and maintained hi^ier so il 

moisture contents during the minor rainy season.

Mulching greatly improved seedling emergence during the major 

ra in y  season, increased plant height and seed size. Grain y ield  

was increased by on average of 78/“ over unmulched plots. In the 

minor season fie ld  experiment, percentage emergence of the 

seedlings in a l l  varieties and treatments was high. Mulching 

increased plant height, nodes and pods per plant and seed siae, 

and also lodging. Grain yield  was not increased, possibly because 

of more lodging and some rodent damage in mulched plots. In the 

pot experiment mulching hastened flowering; increased plant height, 

stem diameter, number of flowers, nodes and pods per plantj the 

percentage of flowers which formed pods and the seed y ield .

Mulching appeared beneficial in soybean production, particularly 

when seed v iab ility  was low and during the major rainy season 

when itaximura so il temperatures were high.
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V. EFFECTS OF T£MP£RATUflfl ON GBIfeTO'TION 
AND KHERG-KVCE OF SOYBKAM VABIETjffiS

1 .  MATEKEiiLS AND i&.THODS

For this experiment, seed lots o f teenty-one varieties were 

obtained by air from the Department o f Crop Science,, University 

of G-uelph» Canada in  early May 1573» and were stored in a ®alk~in 

cold room (2 + 2Cj 8^i Hli) in 5-®il polythene bags tied with strings. 

The emergence studies, started on 7 June 1973* were conducted in 

medium siae *321-280 G-ellankessp * incubators at four temperatures o f 

20, 30, 40 and 50°C. Perforated p lastic trays measuring 32 x 21 

x 5cm (internal) were used as substrate containers which were f i l le d  

to 4.5cm depth with steam-sterilized sandy loam so il.

A tray was sown with 10 seeds each of four varieties in four 

rows spaced 5 cm apart. The seeds, which were not treated (with 

insecticides or fungicides), were 3 «  apart within row and placed at 

2.5cm depth. There were four replications in a randomized complete 

block design. The trays, incubated in the dark, were watered at 

regular interval with adequate tap-water in beakers kept in incuba­

tors at the appropriate temperature.

Emergence counts were made daily (1600hr) for the day of f ir s t  

emergence t i l l  no more seedlings emerged, termination (and emergence)' 

as considered here was for 3prouted seeds whose cotyledons have 

emerged above the so il surface (Boneen and Mcs&illivray, 1S43, slightly 

modified). Hypocotyl elongation was measured from the soil surface 

leve l for seedlings at 20, 30 and U0°C on days 10, 7 »nd 6 respectively
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after sowing* Other records taken were days to maximum emergence 

and maximum seedlings that emerged (absolute value expressed as 

percentage). Seeds o f two o f the varieties, CSS 486 and Chippewa 64s 

were available in very small quantities only enough for one and 

three replicates respectively. Data on them were therefore excluded 

from any group analysis.

Data for maximum seedlings that emerged were also re-calculated 

and expressed as percentages using the corresponding emergence at 

30°C (which averaged the highest) as a base. M s  comparison is  

used to assist in an attempt to classify the varieties into groups 

based on their emergence ab ility  at the higher (40°C) temperature.

2. bbsults m i  discussion

There were no emergence for any of the varieties at 50° C, most 

of the seeds were found to be charred after 4 days* therefore this 

treatment v>as discontinued.

Germination and emergence were slow at 20°C for a ll varieties.

Days to f i r s t  emergence and to maximum emergence were shortened as 

temperature increased from 20°C to 30 snd 40°G (Table 4 ). ?or a ll 

varieties which germinated, days to f ir s t  emergence and to maximum 

emergence were significantly reduced by about 50?T» when the temperature 

was doubled from 20 to 40°C (Table 4| Appendix 9) indicating an 

accelerated rate of germination under the high temperatures. This wass 

however, of no advantage because the higher temperature (40°C) was 

also found to reduce the maximum number of seedlings that emerged.

40
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Table 4. Effect o f Temperature on Days to First
Emergence and to Maximum Mergence of 19* 
Soybean Varieties Grown in Incubators at 
Legon, 1973.

V a r i e t y  j
Days to First

Emergence |
20°C 30°C 40°C

Days to Maximum 
Emergence

20° C 30°C 40°C

Cutler 71 6.0 3.0 3.5 8.8 7.0 4*4
Dare 7.0 3.5 2.5 10.8 9.5 5.3
Semnes 7.3 4.3 3.3 10.8 7.5 5.8
Hark 8.0 3.5 2.8 10.3 9.5 5.3
Bragg 6.5 3.5 3.0 10.3 7.0 5.3
Improved Pelican 6.8 3.3 3.0 10.0 6.3 5.3
Harosoy 63 7.0 3.5 3.0 11.0 6.8 4.8
Coker Hampton 266A 7.0 3.3 3.0 11.5 7*5 5.5
Pickett 71 6.5 3.3 3.0 11.5 7.3 6.3
itosoy 71 7.0 3.3 2.8 10.5 6.0 4.8

Clark 63 6.3 4.8 2.8 11.0 6.5 4.0
Davies 7.8 4.3 3.0 10.8 8.5 4.0
Hardee 7.3 3.3. 2.8 11.8 6.8 4.8

lee 68 7.8 3.8 5.3 11.3 8.0 6.8

Calland 7.5 3.8 3.e lf-.5 5.5 5.5
Bonus 7.8 3.8 3.0 10.5 7.3 4.8
Hutton 8.5 5.0 3.8 13.0 7.5 4.3
Jupiter 8.0 5.0 3.5 11.0 6.8 5.8
Hill 8.8 5.0 3.5 12.3 9.0 6.3

mm 7.3 3.9 3.1 11.0 7.6 5.2

Chippewa 64* 
CKS 486’

5.7
6.0

3.7
3.0

3.0

3.0
10.7
7.0

6.3
7.0

4.7
3.0

* Chippewa 64, CKS 486 excluded from group analysis of data 
(See Text).
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%nt (1957) using Bras sic a arvensis s Aquino and Bekendam ( 1967) 

using soybean, reported slow but complete germination at eool tem­

perature, but accelerated and complete germination at 30°G. The days 

to maximum ©mergence for a ll  varieties at 30°C averaged 7,6. ’H i l l ',  

•Hutton’ and ’Jupiter' seem to take longer time to emerge at a ll 

temperatures (Table 4) probably partly because H ill and Jupiter / ' 

aver ged the lowest in it ia l germinability o f 85/». Sorwli (1974) 

reported that fu ll emergence of 'iimsoy 71' soybean occurred 5 days 

after sowing in the f ie ld  at Legon. In the present work, Aasoy which 

seems to emerge early averaged 3*3 and 6.0 days at 30° G (fable 4 ) .

There were s i^d fican t differences in maximum seedling emergence 

among temperature treatments end varieties, however, no significant 

interaction ?)as found between temperature and varieties (Table 4; 

Appendix S ),  as varieta l responses to temperature were similar.

Mean seedling emergence percentage at 20 or 30°C was significantly 

greater than that at 40°G (Table 5 ) indicating reduced seed germi- 

nability at the higher temperature. Some o f the seeds were found 

to have sprouted but fa iled  to emerge, possibly due to lack of 

enough vigour which could have resulted from dissipation o f energy 

as a result o f accelerated respiration at the higher temperature. 

Though overall mean shewed a alightly higher seedling emergence 

percentage at 30°C (74.2/") than that at 20°G (70.8jo)» there were 

nearly as many varieties (9 varieties excluding CSS 486 and Chippewa 

64) which had higher emergence percentages at 20°C than at 30°C,
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Table 5* Sffect of Temperature on Maximum Seedling
Emergence and Hypocotyl Klongation in 15 Soybe 
Varieties Grown in Incubators at Legon, 1973*

V a r i e t y

Iflaximum Seedling Emergence
Hypocotyl 
Length (taken 
at days 10, 7» 
6) (cm)

20° C 30° C 40°C

(as percentage 
of absolute 
values) (%) 'A'

20°C 30°C 40°C

I (as percentage 
of correspon­
ding emergence 
at 30°C) (;£) *B*

20°G 30°C 40° c

Cutler 71 100 95 68 105.3 100 69.4 18.0 14.6 14.6
Dare 93 98 58 94.9 100 59.2 10.8 12.1 10.2
Setsaes 88 93 65 94.6 100 69.9 9.2 13.5 9.8
Hark 75 90 58 83.3 100 72.2 7»4 18.5 10.6
Bragg 78 90 50 86.7 100 55.6 11.2 13.1 4.5
Improved Pelican 98 93 35 105.4 100 37.6 7.9 12.9 7.4
Harosoy 63 95 85 40 111.8 100 47.1 7.6 13.9 7.7
C. Hampton 266a 85 83 45 102.4 100 54.2 6.5 14.4 7.8
Pickett 71 65 80 53 81.3 100 66.3 8.8 11.3 6.5

tesoy 71 58 83 55 69.9 100 66.3 8.2 13.6 7.5
Clark 63 80 73 28 109.6 100 38.4 14.5 11.9 14.0
Davies 75 63 38 119.0 100 63.3 9.5 11.5 10.5
Hardee 60 70 38 85.7 100 54.3 6.9 16.7 8.5
Lee 68 70 68 38 102.9 100 55.9 7.7 13.7 7.8

Gal land 45 63 48 71.4 100 76.4 14.3 14*6 4.3
Bonus 45 53 35 84.9 100 66.0 18.4 13.5 11.8

Hutton 58 55 20 105.5 100 36.4 5.9 15.2 9.0

Jupiter 38 40 30 95.0 100 75.0 8.4 04.7 12.9
Hill 40 35 28 114.3 100 80.0 3.4 8.5 4*4

mean 70.8 74.2 43.7 96.0 100 60.0 9.7 13.6 8.9

Chippewa 64* 
CES 486*

90
100

73
90

50
40

123.3 
111.1

100
100

68.5
44*4

+
14.8

+
15.6

+
6.5

* Excluded from group analysis of data (See Text). 
+ Results not available.
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as those (10 varieties ) which had higher emergence percentages 

at 30°C than 20°C (Table 5 Column 'B*). The variety 'Calland* 

had a higher emergence percentage at 40° than at 20°C, however,
jSd.

hjfpocotyl elongation was greatly reduced at 40 C. Improved Pelican, 

Uarosoy 63 and Clark 63 which had high emergence at both 20 and
O Q30 C, had a comparatively reduced emergence at 40 C.

The emergence results indicate that the optimum temperature 

for soybean germination and emergence l ie s  somewhere between 20 and 

30°C. Similar findings have been reported by Went (1957)» Brown 

(i960)* Aquino and Bekendam (19^9) ,  Grabs and Metzer (1969)* x

At IITA, Ibadan, germination percentage in 'Kent' soybean decreased 

from 81,3fi at 21°C to 3*8' at 38°C (IITA 1973 Report).

Generally, hypocotyl length Increased as temperature increased 

from 20°C (mean 9»7cm) to 30°C (mean 13»6cm) and then became 

3harply reduced at 40°C (mean 8.9cm). A similar trend o f temperature 

e ffect on the development and growth o f soybean has been reported 

for dry matter production of soybean top and roots ( Karly and 

Cartter, 1945), Pate o f node formation and internode elongation 

(Howell, 1963) ,  apparent photosynthetic rate (Fukui, Mutsuo and 

statanabe, 1965) and hypocotyl elongation 0-ien, 1973)* Three 

varieties? Bonus, Cutler 71 and Clark 63, had greater hypocotyl 

elongation at 20°C than at 30°C (Table 5)« Clark 63 also had 

a greater hypocotyl length (14.0cm) at 40°C than at 30° C ( 11 .9cm).

k A
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Reduced hypocotyl elongation may lim it soybean emergence in the 

fie ld  because the elongation pushes the cotyledons and the growing 

point o f the germinating seed above the so il surface ( IITA 1973 

Report). Seedlings at 20°C were observed to be bigger and healthier 

than those at 40°C, which were poorly developed.

The varieties were c lassified  into three groups (Table 6 ), 

based mainly on their ab ility  to germinate and emerge at the higher 

temperature. Cutler 71 and Senunes in ' Group A* (mean uiaxijaum 

emergence at 40°C equal to, or greater than 55/«) showed consistent 

high performance while Hutton, H ill, Clark 63 and Jupiter in Group C* 

(mean maximum emergence at 40°G less than 40$) consistently performed 

poorly under the experimental condition. Also performance was not 

found to f a l l  into any trend raith the 'maturity grouping", (i.e . 00 

to X Groups as found in U.S.A. and Canada), perhaps this is  due to 

the comparatively constant daylength variation in (ihaaa. Perbap 3, 

i t  is  worth coinmenting that hypocotyl length o f  a l l  varieties in 

'Croup B* (mean maximum emergence less than 55>“ but equal to or more 

Vki&n 40JS) were comparatively short (below 8.Oran). In Groups A and C, 

except in one and three varieties respectively, a ll  others had 

hypocotyl length above 8.Oran. Men (1973) obtained hypocotyl length 

o f 8.5 and 9.1 (mean 8.8cm) and 11.5cm fo r  Kent and *280-3' soybean 

and Prima cowpea respectively, grown on agar in test-tubes at 30°C. 

R ecen t fie ld  tria ls  at &egon with most o f the varieties seem to show 

some promise in yi-ild (Dadson 1974: Personal Comm.), however,
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Table 6. Emergence Ability and liypocotyl KLongation of 

19 Introduced Soybean Varieties Grown at 40° C 
in Incubators -  1973*

Croup And Variety Maturity
Croup

Maximum 
Seedling 
Mergence 
at 40°C (Ji)

Hypocotyl 
length at 
40°C*(cm)

’Croup A' (Knergerce^ 55/2)

Cutler 71 IV 68 14.6
Sennnea VII 65 9.8
Hark I 58 10.6
Dare V 58 10.2
Amsoy 71 - 55 7.5

’Croup B' (Emergence 55^UQ%)
Pickett 71 VII 53 6.5
Bragg vn 50 4.5
Calland i n 48 4.3
Coker ’lampton 266A VIII 45 7.8
Haro soy 63 11 40 7.7

'CroUD C* (limergence <40f!>)
Davies VII 38 10.5
Hardee VIII 38 8.5
Lee 68 VI 38 7.8
Bonus IV 35 11.8
Improved Pelican vn i 35 7.4
Jupiter IX 30 12.9
Clark 63 IV 28 14.0
Hill V 28 4.4
Hutton VIII 20 9.0

MEAN 43.7 8.9

Chippewa 
CBS 486* 0 XT 

\J1
O 

O l 
oo

" Observations made 6 days from sowing 
** Omitted from proup snalysis of data (See Text).
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earlier reports (iiercer-yuurshie, 1973; Nsowah, 1973) indicated 

inconsistent performance, î eng (1973) stated that under less favou­

rable condition, the modern varieties from the United States do not 

always do well in tropical areas.

3 . SUMMARY OF RESULTS

Twenty-one introduced Varieties were sown in trays at tempera­

tures of 20, 30, 40 and 50°C in incubators in 1973- There were no 
germination at 50° C.

Germination and emergence were slow at 20°C in a ll varieties. 

Doubling the temperature from 20°C to 40°C reduced the days to first 

emergence and to maximum emergence by about 50/i, however, maximum 

number of seedlings that emerged and hypocotyl elongation were 

disadvantageously reduced at 40°C. Hypocotyl elongation was signi­

ficantly higher at 30°C than at 20 or 40°C. In three varieties 

(Cutler 71, Clark 63 and Bonus), however, hypocotyl elongation was 

greatest at 20°C.
Maximum seedling emergence was higher at 20°C than at 30^C in 

about half the varieties studied, and the oi&ers showed maximum 

seedling emergence at 30̂ *C than at 20̂ *0. G-enerally, seedling at 

20°C were observed to be bigger and healthier while those at 40 C 
sere poorly developed.

Nineteen of the 21 varieties were put into three groups on the 

basis of their ability to germinate and emerge consistently well at 

the higher temperatures. The varieties Cutler 71» Semmes, Hark and 

Dare consistently performed well at higher temperature while Hutton, 

Hill, Clark 63 and Jupiter were the poorest.

47
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VI. EFFECTS OF STORAGE COOT 111 ON S ON SOYBEAN 
SEED VIABILITY

I. MATERIALS AND METHODS

Seed of the soybean variety 'Amsoy 71 obtained by air from 

the University of Guelph, Canada, was divided into 454g lots and 

packed in either cloth or 3-mil polythene bags tied tightly with 

string. Initially, four samples were tested for moisture content 

and germination. Moisture contents were determined by oven drying 

to constant weight at 80°C. Germination was tested by placing 25 

seeds from each sample on blotter paper moistened with distilled  

water on a germination plate in the laboratory. A seed was 

considered germinated when a radicle 1cm long penetrated the seed 

coat.

Seed lots were allocated to eight treatments, each replicated 

four times. Treatments were! storage at ambient temperature in the 

laboratory, in an air-conditioned room and in a walk-in cold room.

Han pie b in each room were stored in cloth or 3-mil polythene bags. 

Initial seed moistore contents of the four samples tested averaged

II.2%. The two further treatments were seed stored in polythene 

bags in the air-conditioned room, but sufficient distilled water 

was added to each bag, assuming initial percentage moisture of

11.2, to bring the moisture contents up to 14.5 or 1 ~1

'Hie temperatures and humidities of the rooms (Table 7) were 

measured between 1430-1500h once a week for the first 8 weeks.

48
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Table 7* Temperatures and rela tive humidities (RH) 
in the three types of storage.

Roan Type Temperature (°C) HH (%)

Open laboratory 27 £ 1 77 + 1
Air-conditioned 22 + 1 59 + 1
Walk-in Cold Hoorn 2 + 2 89 * 1

Table 8. Effects of condition and duration of storage 
on Field emergence 05) o f soybean seed.

T r  e a t  m e n t  s In it ia l
&©©&

Weeks o f  Storage

Room Type B a g
Moisture

{%)
0 8 40 50

Open laboratory Cloth (C) 11 .2 96 88 0 0

Polythene (P) 11 .2 9 6 95 4 0

Air-conditioned C 11.2 96 95 88 57
P 11.2 96 98 96 93
P 14.5 96 65 0 0

P 17.8 96 59 0 0

Walk-in Cold Room C 11 .2 96 86 49 32

P 11.2 96 95 96 98
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Subsequent measurements were made once every month. Means and 

standard errors were calculated using a ll readings.

The experiment was began 25 June 1973. Germination tests were 

conducted, as previously described, on each sample after weeks 1-13* 

19*31* 33, 40, 50 and 55* Seed moisture contents were measured 

after weeks 1-4, 8 and 50. Percentage emergence from soil was 

measured after weeks 8, 40 and 50 by planting 20 seeds from each sample 

in 84cm rows, 20cm apart and counting plants 10 days after planting.

2. RESULTS AND DISCUSSION

Temperatures and humidities remained fairly constant over the 

55 weeks of the experiment (Table 7)• A ll stored seed retained its 

germination ability for 7 weeks (Fig, 3). 'ihe high moisture seed 

samples in air-conditioning (Fig»3*C) lost viability first, followed 

by samples stored in cloth bags at ambient temperature (Fig.3SA).

After 55 weeks (Appendix 3) the samples in polythene bags in either 

air-conditioned or the cold room retained their viability, although 

the seeds from the cooler temperature appeared more vigorous during 

germination and emergence. Losses in germination ability under the 

various conditions were very similar to those reported by Dorwarth 

and CJiristensen(l968) who usod combinations of four initial moisture 

contents of 12.1, 14.7, 16«5 18.3% an& four storage temperatures

of 15, 20, 25 and 30°C. Seeds which were stored in polythene bags 

maintained their viability longer than comparable ones in cloth bags
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3.3. EFFECT OF CONDITIONS AND DURATION OF STORAGE ON SOYBEAN SEED 
GERMINATION. SAMPLES AT IN ITIAL MOISTURE CONTENTS OF 11-2%WERE 
STORED IN CLOTH OR POLYTHENE BAGS IN AN OPEN LABORATORY (A ). AN  
AIR-CONDITIONED ROOM (B). OR A COLD ROOM (D). SAM PLES IN C WERE 
STORED IN POLYTHENE BAGS IN A IR -CON D ITION ED  ROOM W ITH  IN IT IA L  
M O ISTURE C O N TE N TS  O F  14-5 AND 17-8%.

Cloth

D

0 10 20 30 40 60 0 10 SO 30  40 50

STORAGE TIME ( W EEKS  1
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at a ll temperatures (Fig.3 and Appendix 3 ) .  Similar results were 

obtained in f ie ld  emergence tr ia ls  (Table 8) except that emergence 

declined sooner than germination on plates (Appendix 3 ). Some seeds 

with sufficient vigour to germinate were too weajk to emerge.

Seeds in cloth bags at 27°C and 1&/U Kli equilibrated with moisture 

in the air at about 1 %. moisture (Table 9)» whereas those at 2°G 

and 89$ RH equilibrated close to 19?= moisture. At 7&-& RH, seeds 

continued to increase in moisture content for 8 weeks. At 89% RH 
seeds equilibrated with moisture in the air within k weeks.

Soybean moisture content equilibrates with RH , regardless o f tempe­

rature , and the observed equilibrium moisture levels at the higher 

HH values (Table 9) agree closely with those lis ted  by Milner (1950) 

for similar RH values (Appendix 4 ). Seed in cloth bags in the a ir- 

conditioned room had higher moisture contents (Table 9) than th® 

equilibrium values for 59/ RH (approx. Milner, 1950). Th© door

to this room was frequently opened and moisture from the outside 

a ir say have condensed on the surface of th© rela tively  cool seeds. 

Soybean seed, which is  high in both o i l  and protein, equilibrates 

with HH at higher moisture contents than most other agricultural 

seeds (Appendix 4 ). The o i l  is  essentially non-hygroscopic but the 

relative proportions of protein and soluble carbohydrate strongly 

influence water absorption (Milner, 1950).

Th© loss of v iab ility  o f seed stored in cloth bags compared 

with those in 3-mil polythene bags in the cold room indicates that

52
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Table 9* Effects o f condition and duration o f storage 
on soybean seed moisture content {%)•

T r e a t m e n t  s ’.Seeks o f Storage

Room Type B a g 0 4 6 50

Open Laboratory doth (C) 11.2 13.2 14.9 14.6

(27°C, 7&  m ) rolythene (P ) 11.2 11.0 11.2 11.0

Air-conditioned C 11 .2 10.5 10.8 12.5
(22°C, 59/“ M ) P 11.2 9.7 10.7 11.0

P 14.5 13.9 14.6 14.4

P 17.8 15.7 16.9 17.1

<*alk-in Cold Boom C 11.2 19.2 19.3 19.2

(2°C, 89/i HH) P 11.2 10.4 10.1 12.3
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seed should be stored in moisture-proof containers. Seeds o f 

most soybeen varieties stored for 18 months in paper bags in the 

same cold room lost a ll o f their ab ility  to germinate. This seems 

to lend support to the conclusion o f other workers on agricultural 

seeds (Chlng et a l . . 1960} Toole et a l. 1961 j Harrington, 1963* 
Helmer et al., 1963) that packing dry seeds in moisture resistant 

containers is the simplest and best method for safe storage or 

shipping of seed under any climatic conditions occuring around the 

world.
In a l l  cases in this experiment, storage in moisture-proof 

containers appeared advantageous (F ig .3 ). However, Andrews (1970) 

has reported that soybean seeds at moisture content of 13  ̂ stored 

for 18 months under storage condition o f 30/» HH and 6°C were of 

slightly poorer vigour in polythene than in paper bag containers.

At lower values of 7 end 10% seed moisture contents, however, 

germination capacity and vigour were maintained regardless of bag 

type. It seems from Andrews* observations and the results here that 

storage in a moisture-proof container is advantageous, but may be 

a  disadvantage only when the storage atmosphere lias a  RH low Cc>

enough that the seeds will continue to lose moisture. ^ (

Hukill’ s (1963) ’age index’ computed for estimating viability 

i8 : Age index = (storage time in months) (10X ^)» where x = 0.143

times percentage moistur© and y = 0.0645 times storage temperature 

in °C. His calculation suggested that with normal ambient tempera-' 

tures and humidities in Southern Ghana, viability of soybean seeds
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would decline rapidly, beginning at about 8 weeks after harvest 

i f  moisture content is high. Hukill's age index was applied to th© 

conditions of this experiment, assuming seed was at 11 •Zfc moisture 

and an average temperature of 15 Ĉ during the 8—month period from 

harvest (Oct. 1972) in Canada until this experiment began (June 1973). 

The age index predicted storage times for each set of storage 

conditions before germination would start to decrease (Table 10).

In most cases* the observed number o f weeks before germination 

began to decrease (become consistently less than 90>6) was close to 

the predicted vaLue. Seeds in cloth bags at ambient temperature and 

in cold room, and seed in air-conditioning in polythene bags at an 

in it ia l moisture content of 14.5?- deteriorated more rapidly than 

predicted (Table 10) although in a ll cases, germination percentages 

dropped slowly until approximately the time when the age index 

predicted that deterioration would begin. Thus Hukill's age index 

predicted reasonably accurately the time for which soybean seed at 

a given moisture content and temperature could be stored before i t  

began to lose v iab ility .

In a recent study in Nigeria (IITA, 1973)» soybean seed of six 

varieties were stored at ambient temperatures (25-28°C) in open or 

sealed 4-mil polythene bags. A fter open storage for 5 months, five 

of the six varieties had less than 10fa gemination, but one variety, 

1Gm-393, retained 51?*» gemination. The in it ia l gemination percen­

tages for three of the varieties, however, were already low ( 51- 74/S)
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Table 10. Predicted and observed time periods fo r  soybean 
seed, stored under various conditions, to begin 
to decline in germination percentage.

I  r  e a t m e n t  s
Sto­
rage
tempe­
rature
(°c )

Ave. Seed 
moisture 
content^) 
until ger­
mination 
decline 
began

Time to Germi­
nation decline
(■Seek)

Room Type B a g Predi­
cted

Obser­
ved

Open laboratory Cloth (C) 27 13.1 12 9

Polythene (P) 27 11.1 24 19-31

Air-condi tione d C 22 11.5 44 40
' P 22 10.9 54 >55

P 22 14.5 17 9
P 22 17.0 7 8

"alk-in Cold Room C 2 19.2 69 50

P 2 11 .2 959 9 >55*

* No appreciable decline in germination percentage 
(See Appendix 3 )»
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and only 1 Gm-393 had average germination o f more than 97%.

The storage period before germination o f the six varieties began 

to decline were not reported, but the germination percentages 

after 3 and 5 months o f open or sealed storage were similar to 

results obtained in this experiment (Appendices 3 and 5).

Soybean seed, harvested at the end of the minor rainy season 

on the Accra Plains, an area with a bimodal rs in fa ll pattern, 

would be stored fo r  up to 5 months before the rains become regular 

at the beginning of the major rainy season. HuMll’ s 'age index* 

formula predicts that at ambient temperatures averaging 27°C, 
high quality seed would need to be dried to 12$ moisture and stored 

in moisture-proof containers to store for 5 months. Sun drying of 

soybean at Legon during the dry months resulted in soybean seed 

moisture contents as low as 8-9^. Thus seed could be stored at 

ambient temperatures long enough to maintain v iab ility  from 

harvesting to planting provided two crops per year ere grown. I f  

high quality seed is  to be stored fo r  longer periods, refrigerated 

storage fa c ilit ie s  w ill be necessary.

I f  soybeans are grown in Ghana on any large scale, the seed 

must be stored carefully otherwise v iab ility  w ill be a problem.

Ihe use o f a combination o f cloth bag lined with polythene (bags) 

o f higher thickness is being suggested for sealed storage.

57
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5. SUMMaMY OF RESULTS

Soybean seed ev 'Amsoy 71 * was stored in  cloth or polythene 

bags at anbient temperature and relative humidity (27°C 7&/u HH)# 

in sb air-conditioned room (22°C, 59?o RH), and In a walk-in cold 

room (2°C, 89% R1I) • In it ia l seed moisture content averaged 11.2^. 

Seed at 14.5 sad 17.8^ moisture also was stored at 22°C and 59% HH» 

Seed in each treatment was tested regularly for moisture content, 

germination and fie ld  emergence.

Seed samples stored at high temperatures and moisture contents 

rapidly lost their ab ility  to germinate and emerge after 9-10 weeks. 

Lowering storage temperatures or moisture contents preserved seed 

v iab ility  longer. Seed in polythene bags at 22° or 2°C and 11.2% 

moisture did not lose v iab ility  during 50 and 55 weeks o f storage 

respectively.

2he storage time before loss of germination began could be 

predicted by an 'age index5 formula* based on storage temperature 

and seed moisture content. The formula ®d observed values indicate 

that soybean seed in southern Ghana w ill lose v iab ility  too rapidly 

to sustain commercial production, unless the seed is stored below 

12% in moisture-proof contai.nersa and kept under refrigeration.
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VII. gFFaCTa Off urttONg OK pmgUKMAftCa
OF (KARLY - AND LATB-KATURING-) SOYBKiiN 

VAHiaTm

1. MATERIALS m> METHODS

T o  experiments were conducted, one during the major and the 

other during the minor rainy season o f 1973 at the University Farm, 

Lepon. Two varieties were used! the short, determinate, early- 

maturing US variety, •H ill* and th© ta l l ,  indeterminate, la te - 

maturing Phillipine variety, 'CBS 486’. The crops were grown on 

free-draining, s ligh tly  acid (pH = 6.0) ligh t sandy loams (Brammer, 

196?)* 3ach experiment consisted o f six treatments ( i . e .  2 varieties 

x 3 inter-row spaoings) arranged in a randomised block design.

The inter-row spaoings were 25, 50 and 75®® with 8, 6 and 4 rows pep 

plot respectively. Each plot was 4.5m long. There were four rep li­

cations in each case. >111 seeds were moistened and inoculated with 

commercial inoculum immediately before planting by hand.

The experiment in the major rainy season was planted May 21, 1973* 

Planting rate was 375,000 seed/ha but poor germinationserratic 

emergence and erosion caused by heavy rains in June reduced stands. 

Measurements taken included plant jspex height at flowering and maturity, 

days to f ir s t  flowering and maturity, fin a l seed y ie ld , seed moisture 

content and 100-seed weight. Final harvests mere in mid-August for 

'H i l l '  and in late September for *CES 486*.
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Seed o f the two varieties harvested from the major season 

experiment was sown in an identical experiment on October 28, 1973. 

Seeds were inoculated and thickly planted with about 2cm between seeds 

and sprinkler irrigated immediately after covering the seed. Very 

good emergence was obtained ?>nd the stands were thinned within 

8 days of emergence to approximately 562, 500 plants/ha in a l l  plots. 

Days to f ir s t  flowering and maturity, and plant heights were measured 

as before. Ten plants from second row in each plot were sampled on 

4th January 1974. Nodules were counted and lea f area (for LAI 

calculation) was measured by the leaf-punch technique. At maturity, 

numbers of nodes and branches on the mein stem and pods per plant 

were recorded. The degree o f lodging was scored at maturity on the 

basis of a 1 (erect) to 5 ( f la t  i .e .  completely lodged) scale 

(Probat, 1945; »eber e t. a l . . 1966). FinaL harvesting was in mid- 

January 1974 fo r  ‘H i l l1 and late-January for *C£i> 466'. In plots 

with 25 , 50 and 75cm inter-row spacing, which had 8, 6 and 4 rows, 

of 6, 3 and 2 centre rows respectively were harvested. i.Jods were 

shelled by hand. Moisture content was measured with a Diokey-John 

Grain Moisture Tester, 100-seed weight was determined and seed yields 

at 13?fc moisture were calculated.

No chemical nnalysis o f plants or 3eeds were made.

6 c
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2. RESPLTS AND DISCUSSION

MAJOR SEASON. 1973

Seeds available for planting this experiment were o f marginal 

v iability ( 55- 6OP, plate germination), resulting in poor erratic 

germination and emergence with subsequent reduction in stand (Table 11).

Heavy rains in June also reduced stand. The significant higher 

initial stand and stand at maturity for the narrower inter-row 

spacing could therefore be due more to these reasons than to row 

width effect per se.

Inter-row spacing did not affect days to flower. 'H ill*  flowered 

earlier than CES 486. T>ays to maturity also were not affected by 

row width. H ill matured in 90 dp.ys and CES 486 in 125 days. Both 

varieties matured earlier in the minor season (Table 12) than in the 

major Beason (Table 11). Row width effects on plant height at 

flowering and at maturity were not significant, even though at 

maturity rows spaced 25cm apart gave the ta lles t plants and the 

50cm-rows, the shortest. Varietal differences in plant heights were 

significant.

Seed size was not signifioantly affected by inter-row spacing. 

Probat (1945) found l i t t l e  e ffec t of the intra-row spacing on soybean 

seed size but ilinaon and Sfonson ( 1962) and Reiss and Sherwood (1965) 

reported increases in seed size with wider row spacing. Haizel (1972) 

and Asamoah (1974) suam&rising earlier works on the relationship 

between plant spacing, plant density and crop y ield , pointed out that
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Table 11. S ffe c ts  o f  Inter-row  spaaing on plant stands, height and days to  flow ering 
and maturity and y ie ld  o f  two va r ie t ie s  o f  soybean grown during the major 
season o f  1973.

ir ie t y Row
Width
(cm)

In i t i a l
Stand
Plant*/
e2

Days to 
Flower

Plant
3eight
at
flow ering
(cm)

Stand at 
maturity 
Plant/n2

Plant
height
at
maturity
(oa )

Days to
maturi­
ty

100-Seed
weight

(? )

Seed
moisture
at
sh e llin g
00

Seed
Y ie ld
kgAe.
@ 1355 
aoisture

m 25 50 30.5 21 .0 42 34 89.3 16.5 11.9 2251
50 24 30.5 20.7 20 27 91.0 19.0 11.2 1524
75 20 3C.8 2 0 .3 18 29 90.3 18.7 11.1 1312

css 486 25 23 42. 5 29.8 17 45 124 o5 19.8 11.8 2530
50 9 42.5 29.9 8 38 124.5 19.2 12.2 1904
75 11 42.6 30.5 o 42 124.5 19.4 U .5 1673

Source o f  Variation

V arie ties •• •* V* •• ** »* •
Bcw widths »• •> ••
Var. z  3ow Width

c.v. (*) 48.2 1.9 4.1 49.7 17.4 1.6 6-9 9.7 25.9

t  *•  S ign ifican t at P *  0.05 and 0.01, resp ec tive ly .
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different plant parts may respond d ifferently to density stress, 

the seed size often being unaffected.

Bie narrower row spacing gave significantly higher seed yields 

than the wider spacing in both varieties. Eeiss and Sherwood ( 1965) 

concluded from their own work and those o f earlier workers that 

narrower row widths gave highest seed yield but the result here must 

be viewed with caution. Higher seed yields at narrower row spacing 

are generally due to the higher plant stands at maturity (Table 11).

MINOR SEASON. 1973

In the minor season experiment, days to flower and to maturity 

and plant height at flowering and at maturity were not significantly 

affected by row width (Table 12). In CES 486, plant height tended 

to be slightly higher at the wider inter-row spacing, Lodging was 

higher at a l l  row spacings in the tall-indeterminate CES 436 variety 

than in the short, determinate H ill variety (Table 12). A  lodging 

score below 2 (Probst, 1945 j IV'eber f t  a l. .  1966) was not considered 

serious. Hides a£ ( 1965) found plant height and lodging to 

increase with decrease in inter-rotv spacing. Short-determinate plant 

types did not lodge. Sorwli (1974) found th© medium-height variety, 

Amsoy 71% (35-45cm at maturity) grown during the major season of 1973 

to show considerable resistance to lodging. Bows 50cm apart were 

Used with plants 5cm apart vdthin rows and the highest lodging score

wan 1.28.

University of Ghana          http://ugspace.ug.edu.gh



Table 12. E ffe c ts  o f Intar-row spacing 073 growth, development and y ie ld  o f two v a r ie t ie s  

o f  soybaan grown during the minor rainy season, 1973*

Row
Lety Width 

(ca )

Days
to
F irs t
Flower

Plant
height
at
flow er­
in g s ® )

Nodule
nuaber
per
plant

le a f
Area
Index
(U X )

Number 
o f  nodes/ 
aain
StSBS

Number
o f
a a is
stem
branches

Pods
per
pla/rfc at 
aa tu r ity

Hsight 
at matu­
r i t y  

(c a )

Days to 
aa tu rity

Lodging
Score 
1(e re c t ) 

to 
5 ( fU t )

10C-
Seed
weight
(s>

Seed
Y ie ld
tg/he
@ 1^5 

aoislna'e

H i l l  25 28,3 20.6 5.1 0.79 8*4 2=0 9.6 31.7 83.3 1.5 13.7 758
50 28.0 20.9 6.1 0*75 8.4 2.0 10.0 31*4 8 3 .O 1.6 13.2 653
75 28.3 23,3 7.8 0.73 3.3 2.5 1 3 .1 31 .5 ’ 83.3 1.9 13.9 735

CSS 486 25 36.0 27.1 S»3 2.00 11.3 1.8 11.2 55.7 94.8 1.6 1 6 .1 929
50 36.0 29.7 5.6 1.64 11.6 2.3 14 «4- 57.6 94.8 2.3 15.2 957
75 36.0 3 i.£ 8.3 2.30 13.6 3*5 6i *6 95.5 2.9 16.5 991

Source o f  Variation

V a r ie tie s ** ** « * «* s» * *® »

Sow Widths * *

Var» x  R. Widths

C.V* (^3) 0.82 12,0 57.5 46.7 10.6 28.6 34 «4- l€*7 2.1 31.5 8.1 34.1

* ** S ign ifican t a t P = 0.05 and 0.01, respec tive ly .
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Nodule numbers per plant were not significantly different 

among varieties and row widths, even though more nodules were foraed 

in CES 486 (av.7.4 nodule s/plant) than in H ill (Av.6.3 ) ,  and at 

i&der inter-row spacing (av.8.1 ) than at narrow spacing (av.6.?)«

In Kanpur, India, Mishra md Singh ( 1968) reported that decreasing 

inter-row spading from 75cm (133, 333 plants/ha) to 25cm (400,000 

plants/ha) resulted in increase in the length of rain roots of 

soybean cv T.4$ but a decrease in number and weight of nodules/plant. 

Sorwli (1974) reported that non-inoculated soybean ov Amsoy 71 grown 

at the University Farm produced virtually  no nodules, indicating 

that the rhizobia might not be Indigenous to the s o il. He obtained 

an average of 24.6 nodules/plant from soybeans inoculated with three 

times ttie recommended rate of commercial R. .iapoaicum.

Leaf area index (LAl) was higher in CES 486 than in  H ill, but 

no significant e ffec t resulted from inter-row spacing within the 

varieties (Table 12). Hickss et a l. .  (1969) at I l l in o is ,  found LAI 

to be greater end earlier in rows 25cm apart than in rows 76ce apart, 

and increased with increase in seed rate. At the time (pod f i l l in g  

Stage) plants were saopled, the lower leaves o f H ill were yellowing 

with a few leaves already fallen while GES 486 had a fu lly  closed 

canopy in most plots.

Number o f nodes par main stem was not affected, however CES 486 

had more nodes at wider row width spacing (Av.13.6) than at narrower
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row spacing ( Av.11 .3 ). icier in ter-row spacing resulted in 

significant increase in the number o f taain stem branches and pods/ 

plant at maturity, the increase being greater in the ta ll,  

indeterminate CES 486 Variety than in H ill (fable 12). Seed size 

was significantly higher in CES 486 (Av.15.9g/100-aeed) than in Hil 1 

(13»6g/1OO-seed). The wider inter-row spacing tended to produce 

heavier seeds ( Av .15 «2g/l QO-seed) than rows spaced 25 or 50cm apart 

(AV.14.9g; I4.2g/100-seed respectively) but the differences were 

not significant.

Differences in seed yield caused by inter-row spacing sere not 

significant. Lack o f ra in fa ll and a temporary water shortage during 

pod f i l l in g  stage (lats-i)ecember 1973) could be responsible for th is. 

Sin$i and Singh (1968) in Kanpur, India, reported that grain yield 

of the cultLvar T.49 was not significantly influenced by inter-row 

spacings of 25, 50 or 75cm. Hicks et a1 . (1969) also reported that 

yields of 4 soybean types were not affected by row spacing of 25 or 

75cm or by seed rate^ but yields were 4.6^ higher in tall-determinate 

than in normal plant types.

Seed yields in the minor season (av.837 kg/ha) were lower than 

yields in the major season ( a v .  1866 kg/ha). CBS 486 outyi aided H ill 

in both seasons. According to Mtroer-Quarshie (1973)» S.H. t-velyn 

planted twenty-four und twenty-three soybean varieties in the minor 

seasons of 1971 and 1972 respectively at Kwadaso and obtained mean 

yields of 836.6 ks/he. in 1971 «nd 2266.8 kg/ha in 1972.
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On the basis of mean yield over the two seasons and data 

provided by earlier workers (Mercer-niuarshie 1973), i t  seems that the 

ta ll, long-maturing varieties would do better both under wider 

inter-row spacing and in the major season than the short early- 

maturing ones. The variety H ill is  probably the one to recommend 

at narrower spacing and for the minor season. Furthermore, narrower 

spacings whicn seem to suit H ill and other short varieties have been 

found to result in greater water use efficiency and so il erosion 

protection than wider rows (Timmons, Holt 

Mannering and Johnson, 1969) .

3. summary o f results

In fie ld  tr ia ls  at the University Farm, Legon during the major 

and minor reiny seasons o f 1973, two soybean cv 'H i l l ' (short-determinate) 

and 'CEP. 486* (tall-indeterminate) were sown in rows 25» 50 and 75cm 

apart. Feeds were inoculated with commercial inooulants just before 

sowing by hand.

Inter-row spacing had no significant e ffect on days to flower, 

height at flowering, days to maturity and height at maturity in both

seasons*

In the minor season only, L/il end j-ain— stem nocies/plant were not 

affeoted by row spacing. Nodules/plant were higher ( av. 8.1 ) at the 

wider spacing than at the narrower apaoings (iiv. 6.7) but the differences 

were not significant. Humber o f main-atem branches &nd pods/plant
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signifia&ntly increased with increasing row spacing, and the ta ll 

variety lodged more than the short variety.

Seed size was not significantly affected by row spacing. Seed 

yield tended to be higher in rows 25cm apart for the short-determinate 

variety but in rows 75cm apart for the tall-indeterminate variety. 

Generally, plants yielded higher (a v .  1866 kg/ha) and matured later 

(Av, 107 days) in the najor season than in the minor season (i\v. 837 

kg/ha; 89 days). CKS 486 outyielded H ill while H ill matured earlier 

than CES 486 In both seasons.
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VIII. CONCLUDING RifliiiRKS

1. "MULCHING EFFECTS"

Wie beneficial effects o f  mulching on soybean (Glycine may

(L) Merrill) performance obtcd ned in this study is  due mostly to the 

ability of the mulch to influence both the physical and chemical 

properties of the soil on which the plants depend. These include 

reduction of maximum so il temperatures and conservation o f moisture 

depending on the climatic condition o f the area. In local large 

scale production of soybean, i t  may not be economically feasible to 
transport mulches o f plant residue into the farm. However, a cropping 

rotation system could be feasibly adopted where, fo r  exanple, maize 

(Zea mays L.) preceding soybean can have the stover ploughed into 

the soil during land preparation. Siulching materials of plant residue 

could be carriers of disease, and a thick spread of mulch m&y, in 

fact, neutralize its  beneficial e ffect by physically impeding 

emergence and proper elongation o f the hypocotyl, ana also causing 

much etiolation. In this experiment about 5400 kg/ha o f grass mulch 

was used. Mulching effeots on weeds, soil nutrient leve l and soybean 

nodulation alro need attention.

2. "TEMPT̂ TDRW KFFECTS"

The results of the screening of aomo twenty-one introduced 

soybean varieties with respeot to their ab ility  to germinate and 

emerge well at hi/?h temperatures were not very conclusive. However,
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using these results and others elsewhere (e .g . IITA, rbaden) as 

broad base guidelines, further tria ls  need be ,:,ade at narrower 

temperature intervals (e .g . 15, 20, 25, 30 , 35 ana 40°C) to help 

determine suitable varieties best adapted for the two different 

seasons and other lo ca lit ie s . There are varietal differences in 

response to temperature; i t  appears varietal performance also d iffers 

according to season. The importance o f temperature in the development 

of a soybean ideotype o f high economic y ield  has been stressed by 

Doku (1973) who attributed the high y ie ld  of the variety fioss to 

its  high temperature tolerance. Soybean germination is  epigeal and 

successful hypocotyl elongation, at higher temperatures, can be 

a factor to good emergence and posdbly to subsequent establishment.

3. "STORAGE CONDITIONS* KFP’l-.CTS"

Storage o f soybean seeds with low in it ia l moisture content and 

at low temperatures using moisture resistant containers like polythene 

bags were found to prolong seed v iab ility . I t  was also found that 

sun-drying on the Accra Plains would be suitable to bring moisture 

contents of seeds produced in the major and minor seasons to below 

12%, - i . e .  Ion enough for safe storage at ambient temperatures to 

retain v iab ility  o f 3eeds meant for planting the following season.

Cold storage fa c i l i t ie s ,  vjhich are necessary foil* long periods of 

storage, are not readily available to aany uhanaian farraers.
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A combination of lin ing cloth bag with polythene of suitable 

thickness is being suggested for use. Other factors of storage 

worth paying attention to are microflora bu ilt up and ’ sweating' 

in stored soybean. Soybean germplasm also needs to be screened 

to identify lines with superior ab ility  to maintain germination 

during storage.

k. " ITOR-RQ?? SPACING EFFECTS"

Hie results o f the inter-row spacing effects on performance 

of short, early -  and ta l l  late-maturing soybean varieties during 

the major and minor season tria ls  were sligh tly  conflicting.

However, a trend was clearly established. Short, early-maturing 

varieties (e .g . H ill )  may do well at closer spacing and also in 

the minor season when water and the short growing period available 

may tend to be lim iting plant growth. On the other hand, perfor­

mance o f the ta l l ,  late-maturing varieties (e .g . GBa i*-86) seemed 

encouraging at wider spacing and during the major season. Longer 

periods o f experimentations over the two wain seasons and also at 

different locations would provide more meaningful data for 

re commenda tions.

5. The overall results of these studies End those o f earlier 

workers indicate that soybean production on the southern part of 

Ghana, at least on small holdings, would be possible.
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Appendix 1 Mean so il Temperature (°C) at 5~cm depth in
mulched and unmulched plots, 15-18 May 1973 IITA*

TDffi
(GMT) Mulched Unmulched Difference**

800 27.6 27.3 - 0.3
1100 30.6 32.1 + 1.5
1400 32.6 36.9 + 4.3
1700 30.6 35.2 + 4.6

* Source; Grain Legume Improvement Program 1973 
Table 42. Ibadan: IITA.

Keport p .58

#* Temperature (°C ) lower (- ) or higher (+") than mulched c lo t.

Atraendix 2 Hypocotyl Growth Inhibition by High Temperatures. 
Seed were germinated at 30°C continuously or with 
various exposure periods daily o f 42°C. 
Observation made after 5 days.’1'*

Daily period 
of 42°C temp. 
Exposure 

(hrs)

Kent soybean 
hypocotyl 
length 

(mm)

280-3 soybean 
hypocotyl 
length 

(mm)

Prima Cowpea 
hypoootyl 
length 

(mm)

0 (Control) 85 ±  18.6* 91 + 25.2* 118 + 23.8s1
2 23 + 7.0 45 + 17.6 71 + 13.6

4 17 + 7.9 28 + 10.9 62 + 18.2

6 11 + 4.6 14 +_ 7*2 58 + 18.2

8 14 + 4.2 10 + 2.8 63 + 13.4

* Standard error (SD) of the mean

** Sources Wien, 1973 p.H3 Table 4*
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3, Sffeotr of condition and duration of storage on laboratory Plate 'termination (%)

o f soybean (cv Amsoy) caeed.

T r e a t a e n t s In it ia l
Seed W e 9 k s 0 » s t o r a S 9

Roots Type B a g

Mois­
ture
(.«>

0 1 2 3 4 5 6 7 8 9 10 11 12 13 19 31 33 40 50 55

Open Laboratory Cloth (C) 11.2 90 99 97 100 100 100 98 100 93 96 84 84 54 45 12 0 0 0 0 0

‘,27°3; 7sr«KH) Poly­
thene (P) 11.2 98 100 98 97 100 100 100 99 99 98 95 S3 95 93 90 28 15 0 0 0

Air-conditioned C 11.2 98 98 100 100 97 98 99 100 100 99 99 100 95 97 99 93 97 84 76 80

(22° 5 i 59* BH) P 11.2 98 99 99 100 97 100 100 98 100 100 99 100 99 99 100 100 99 98 95 94

P 14.5 98 98 97 99 95 97 100 97 95 97 80 78 77 68 47 16 5 0 0 0

? 17.8 98 99 99 100 96 95 95 94 93 87 48 45 23 15 0 0 0 0 0 0

Walk-in Coli Hoorn C 1 1.2 98 100 99 97 100 99 100 100 97 98 93 97 92 91 97 87 86 90 88 84

(2°3j 89^RH) P 1 1.2 98 99 99 99 98 99 99 100 100 97 97 98 99 97 99 99 99 98 97 100
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Appendix 4. Equilibrium moisture contents for soybeans,
sunflowerseed and flaxseed at various relative 
humidities at 25°

Relative 
humidify v

Moisture Content at equilibrium {%)

m Soybean Sunflowerseed Flaxseed

31\° 6.1 5.2 5.3
35.0 6*5 - -

43.0 7.4 6.3 6.4
50.0 8.0 -

51.0 8.3 8.3 6.9

6 M 2 A - «•

62.0 10.4 8.1 8.2

70.0 12.4 - -

11*2 12.4 9.5 9.5

81.1 16.4 11.7 11.6

- -

93.0 25.1 16.9 17.1

* Source: Milner, M (1950) Ins Soybean and Soybean Products*

(Ed. Markley, K .S .), Intersoienoe Publishers Inc., H.Y. pp484-501.
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Appendix 5. Changes with timo, in germination percentage and 
moisture content of soybean seeds of six cultivars 
stored at ambient conditions in open or sealed 
plastic bags.+

Cultivar

Treatment
in
Polythene
bags

In it ia l After 
3 months

After 
5 months

Germi­
nation
(%)

Mois­
ture
(? )

Germi­
nation
(%)

Mois­
ture
(?s)

Germi­
nation
00

Mois­
ture
(%)

Bossier Open 51 15.24 62 16.49 3 15.70
Dried,
Sealed*1 60 7.75 59 9.79 34 9.76

Grant Open 69 14*40 63 15.82 2 16.05
Dried,
Sealed* 63 - 62 9.31 51 9.36

Kent Open 72 15.37 53 16.54 5 15.98

Dried,
Sealed* 74 9.30 63 9.82 46 10.43

I.P. Open 95 16.17 92 16.52 8 16.10

Dried,
Sealed* 89 9.12 86 8.99 76 9.59

Hale-3 Open 96 13.47 43 18.43 0 22.09

Dried,
Sealed*' 87 8.53 97 10.93 81 12.64

IGm-393 Open 99 14.31 97 15.98 51 18.88

Pried,
Sealed* 98 8.60 98 10.05 96 11.69

+ Source; IITA (1973): Grpin legume Improvement Program.
1973 Report, p.72 Table 51.
Ibadans International Institute of Tropical 

Agriculture.

* Seeds harvested in April-fey 1973, dried at 40°C for 48 hours then
sealed in 4-mil polythene bags.
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Asroendix 6. Analysis o f  Variance fo r  the K ffec ts  o f  Mulching on in i t ia l  stand, days to 
f i r s t  flo w e r , stand at m aturity, height a t m aturity, flays to m aturity, grai 
at sh e llin g  and 100-seed weight o f  three soybean v a r ie t ie s  grown during the

f lo » a r ,  p lan t height at 
n y ie ld ,  aoij»ture content
Sa jor Rainy Season o f  1973*

JEj»I SQUARES (MS)

Source o f  
V aria tion

Degree
o f
Freedom

I n i t i a l  
Stand y  
Plants/ar

Days
to
flow er

P lant 
height 
a t f i r s t  
flow ar(on )

Stand a t 
m aturity
plants/®2

ELant 
height 
at aatu- 
r i t y (  ota)

Bays to 
Maturity

Srain
H e ld
i g A t
® 13%
se iz tu re

&?istur* 
ooater.* 
at s h e ll-  
iug (%}

1 00-Seed 
weight

( s )

R sp iic ii tious 3 20 a s 0.3 9.91* 8. .65 7.76 3.33 406908 0.35* 2.14

'Ereatasnts 5 130 .43** 270 .4** 291 .32** 94.20** 3187,52** 729.40** 1893582** 9.5-S** 14.67

V arie ty 2 227°?2** €75.5** 692 a 6** 175.38** 78S9« !j4 ** 1810.CO** 2959747M 23.42** 33.62

Euxching 1 190.57** 0.4 6 l A h JO.3.54** 155.00** 4. CO 3502176** 0 .7£ f* 4 ^ 4

V x  34 2 2-68 0,3 K*11 3 7£ !■><"» r'-~,'tr&r4- * u*# ’ v. 23120 0.13 0.95

& ro r 15 10.28 0.3 2.39 6.81 4.20 fc»40 187654 0,11 0.74

C o e ffio ie c t  o f  
V aria tion 31*2 1.80 5*4 34.3 4.0 2 A 27.9 3.1 4 .5

*  * *  S ign ifica n t s t ?  = 0„05 and 0.C1, resp ec tiT a ly ,

. ■
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Appen&ixiigJ» Analysis o f  Varianoe fo r  the e f fe c t  of mwlchiri*; on In i t i a l  S 
To'-al Dry h e igh t, Stand at M aturity, Height at Msturity,. t>Hj 
Loading Score, (Jrpdn Y ie ld , t!o i»tu re (fS) a*’ sh e llin g  and 1 OC 
the Minor Hainy Season, 1973*

MSj>W S J U jB  (VS)

Source o f  

V aria tion Qesree
o f
?ree-
dom

In it ia l
Stand
plants/

Days
to
?lower

Eaps« 3 1173 0.33
^Treatments 5 3522** 75**
T a r ie ty 2 8204** 186**

Mulching 1 24 0.33
V s  a 2 590 1.84*

Srror 15 377 0,20

C o e ffic ien t
o f

?aria tion (% ) 18.1 1.7

FI ant
height
at
flow e- 
ring(cm )

Tota l 
plant 
dry w t.
at
la ta  
pod- 
f i l l i ­
ng i s )

Stand
at

aatu-
r i t y
plants/
m2

Height
at
matu­
r i t y
(cffi)

1 1 . 92* 23.39** 235* 42-f**

1 5 °»93“ * 4.19* 343** 1135**

328.91** 6.32* 796** 2472**

123.31** 5.79 104 554**

1.76 I .2 7 11 90

3.43 1.37 75 28

7.3 25.0 31*5 9.8

*  * *  S ign ifica n t at P = 0.05 and 0,01, resp ec tiv e ly .
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ten d , Days to F lower, Height at F ir s t  Flower,
? to ^n.rurity, Vodes per p lan t, Po£s per p lan t,
-Seed weight o f  three soybean v a r ie t ie s  grown during

to
matu­
r i t y

Node s/
Plaiat
(main
stem)

Pods per 
plant 
(a t  ma­
tu r ity )

Lod- 
giB€ 
sccre 
1(e r e c t )  
5 ( f l a t )

Grain 
Y ie ld  
kg/ha 
a t 13^ 
aoiature

ttois-
ttire
at
s h e ll­
ing
( *

1 00-Seed 
w eight
( « )

3 6 . 60** 122.41** 2.57** 734j7L4** 0.39 9.81**

IS?** 12,54** 37.87* 4.99* 375,576* 0.28 9.20**

389** 26.73** 57.91* 9.20** 833,854** 0.62 17.37**

24 7.26** 53.40* 5.51** 75,825 0.C9 10.22*

17 1.00 1 0 .0 6 0.51 67,174 0.0J 0.52

5.27 0.56 1 1 .5 6 0*24 9 2 ,2 2 1 0*34 0.6$

2 .6 7.3 2 3 .1  1 6 .9  8 1 .8 6 .6 5.2

0
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Appendix 8. Analysis o f  Varianoe fa r  the e f fe c t  o f  mulching on Days to Flower, Height at F ir s t  F lower,
F lowers/plant, Stem diameter, Nodes/Main Stem, Height at m aturity, Branohes/main Stem, Tota l pods 
formed/plant, Pods/plant at maturity, Flowers which formed mature pods per plant and Grain y ie ld  
o f  three soybean v a r ie t ie s  grown in  Pots at Legon (1973) •

MEAft SQUARES (MS)

Source o f 

Variation

Degree
o f

Freedom

Days to 
flow er

* Plant 
Height 
a t f l o ­
wering 
(cm)

Flowers
per
plant

Stem 
diame­
ter  at 
f i r s t  
t r i f o ­
l ia t e  
code(mm)

To ta l 
No. o f  
nodes 
per 
main 
3 tea

Plant
height
at
maturity
(ca )

:!o. o f  Tota l 
branched pods 
main per 
3tem . plant

Pc-da/
Plant
at
matu­
r i t y

Flowers 
which 
forraed 
nature 
pod/- . 
plant 
(? )

^rain
y ie ld
s/plant

Heps. 3 1.56 9.40 1299** 4.85** 2.94** 74.03** 6 .6 9 612.17** 42 cr* 216.39* 28.50*’

Tre atment 5 144.50** 143.78** 1822**  - 5 . 08* *  - 17.60** 1 2 5 . 68** 2 .9 0 3 2 7.75* 248* 1SJ.4C* 17.41**

Variety 2 356.38** 287.29** 2575** 5.03** 3 0 . 66* * 162.17** I .6 3 314.57* 226 152. S2 10.51

Mulching 1 7.83** 138.24** 3197** 14.45** 1 8 . 38** 243.84** 10.67 983.04** 759** 337.50* 65.67**

V I  M 2 O.96 3.05 383 0.45 4 .1 6 3 0 .0 0 0.29 13-29 12 151.93 0 .1 S

Error 15 0 .5 2 3.03 215 0.74 0.78 13.60 4.93 75.05 69 60.24 3.35

C oe ffic ien t
o f

Varia tion  {% ) 2.3 8 .0 2 8 .0 13.4 8 .6 11.9 38.3 35.? 43.7 22.2 3 6 .6

® ** S ign ifican t at P = 0.05 and 0.01, re sp ec tiv e ly .
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2* Analysis of Variance for the e ffects  o f Temperature on Days to f i r s t  emergence, 
Days to maximum emergence and m:-_T.imum seedling emergence o f 19 soybean varieties 
grown in incubators at l-egon, 19 73•

-  88 -

Suia of Square a (SS) and Mean Squares (M5̂

Source of 

Variation

Degree
of
Freedom

to f 
-5 sealing

SS

'irsx
eaergenoe

its

Days to maxiaiuE 
Seedling emergence

SS MS

Maxianjm Seedling 
emergenoe (mean 
absolute values)

SS MS

Esquired ?

5% 1*

Replications 3 8.33 2.78* 73.00 24.33** 116.04 38.68** 2.67 3.91
lEreatzaants 56 841 .48 15.03** 1424.88 25.44** 1033*54 19.53** 1.44 1.66

Varieties 18 52.15 2.90*' 87.05 4.34 532.87 29. 60** 1.71 2.12
Temperatures 2 760.16 380.08** 1241.91 620.96** 415.28 207. 64** 3.06 4.76
V i  T 36 29.17 0.81 95.32 2.66 145.39 4.04 1.54 1 .84
Srror 166 171.92 1.02 520.00 3.10 818.46 4.87

Coefficient of 
Variation (f5) 21 .3 22.3

S ig n i f ic a n t  at P c 0*05 and 0*01 , respectively*

35 .2
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Arman^lr ^g , A n a ly s is  o f  Variancs fo r  the e f f e c t  o f  X n t e s p a c i n g  on I n i t i a l  Stared, Daya to  F low er, P la n t  Height
at Flo.rerinj, Stand a t  m a tu rity , P la n t  h e igh t a t  a a t u r i t y ,  Days t o  m a tu rity , 1 0 0 -s e e d  weight, Seed moisture 
a t  shelling and Seed y i e ld  f o r  two v a r ie t i e s  o f  soybean grown du rin g  the Major Ra iny Season, 1973•

MSAIJ SQuARSS ( u s )

Source o f 
Variation

Degree
o f
.'r-a?.!o;:

In it ia l
itand
Plants/

P^s  to 
?lc^»sr

Plant
height
at
flowering

Stand at 
maturity 
plants/ 
n~

Plant
height
at
maturity
(era)

Days to

maturity

100-Seed 

weight
(s )

Seed
Koisture
at
shelling
(Jt)

Saed y ie ld

kS^h* 3
13%

Rsplications 3 412* 0.11 13.20** 220 28 9.46 4.17 1.03 313091*
treatments 5 896” 168.17** 109.41** 613** 207** 1415 . 77** 6.33* 0.74 840891*
Yarieties 1 1736** 839.16** 543.40** 1520** 312** 7072.66** 13.53* 1.26 693600

Boh l?idth s 2 1178** 0.17 0.18 684 110 1.55 2.95 0.65 1749624**

v  x -a*. 2 166 0.67 1*64 126 2 1,54 6.11 0.58 5804

Srror 15 123 0.46 1.08 89 39 3-07 1.69 1.26 234250

Coefficient of 
Variation (/5) 48.2 1.9 4.1 49.7 17.4 1 .6 6.9 9.7 25.9

* * *  S ig n if ic a n t  at P = 0.05 and 0,01, respectively.
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Appendix 1 1 . Analysis o f  Variance for the e ffeo t o f  In ter-row spacing on Buys to Flower, Height at Flowering, Nodule 
number per plant, LAI, Node3 per main stem, Branches per Main Stem, Pods per plant at maturity,
H eight a t maturity, Days to maturity, Lodging score, 100-seed weight, and Seed y ie ld  for two 
v a r i e t i e s  o f  soybean growu during the Minor Rainy Season, 1973*

M&ff SQUARES (MS)

Source of 
Variation

Decree 
o f  

?re edom

Days to 

Flower

Plant
height
at
flowe­
ring
(cm)

Nodule
Number
per
plant

Leaf
Area
Index
(U I )

No. o f 
Nodes/ 
main 
s tea

Replications 3 0 .1 7 40.90* 30.05 2.03* 4.14*

'^reatuients 5 73.67** 102.05’ * 8.44 1 .98** 19.65**
Tariaty 1 363.16** 496.05** 7.15 9.01** 87.02**
Row Widths 2 0.05 9.10 9.95 0c22 2.69
V x 3a. 2 0.04 11 *52 7 .5 7 0.22 3-43
Error 15 0.07 8.95 15.76 0.41 1.18
Coefficient of
Vatiation {%) 0.82 12.0 5 7.5 46.7 1 0.6

* ** Significant at P = 0o05 and 0.01 , respectively.

No. of 
bran­
ches 
per 
Bale 
stem

No. o f 
Pods/ 
plant at 
maturity

Plant
height
at
aaturity
(on)

Days
to
matu­
r i t y

Lodging 
Score 
1 (erect) 
5 ( f la t )

100-  
Seed 
weigh t
I t )

Seed
T ie ld
kg/h&
§ 13^

mcistur*

0.17 38.59* 408.93** 28.28** 4.63s" 10.41** 941928**

1 .67* 105.58** 868.46** 166.37** 1.09 7.55** 77648

1 .49 177.13* 4269.30** 840.16** 2.04* 32.69" 356240*
2.55* 136 .22* 17.75 0.55 1.33 2.31 6950
0 .S8 39.17 18.75 0.29 0.36 0.23 9050
0.47 21.86 55.96 3.61 0.38 1.42 72334

28.6 34.4 1 6 .7 2.1 31.5 8.1 34.1
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