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Abstract: Maize (Zea mays L.) is grown in diverse environments characterized by varying seasonal rainfall. The
pattern of dry matter accumulation and partitioning varies with cultivars and the environment in which the maize
crop grows. This study was conducted under rainfed conditions in a coastal savannah agro-ecological
environment to explore the pattern of dry matter accumulation and partitioning of improved maize cultivars
Golden Crystal, Mamaba and Obatanpa, as a way of identifying specific uses for these maize cultivars which
could be beneficial to the experimental area and maize production in Ghana, generally. The three maize cultivars
were cultivated under rainfed conditions during the major and minor cropping seasons in four replicates in each
cropping season. Total, leaf, stem, cob husk and grain dry matter as well as harvest index were determined for
each maize cultivar and analyzed for pattern of distribution in relation to the cropping season. Generally, the
bulk of the total dry matter (TDM) was partitioned into grain dry matter, with Obatanpa and Mamaba
consistently maintaining stable grain dry matter of about 80 and 90% of TDM, respectively, at crop maturity
during the major and minor cropping seasons. Additionally, the harvest indices ranged from 32.6% for Golden
Crystal to 57.5% for Mamaba during the major cropping season with Obatanpa maintaining a fairly constant
harvest index of about 38% in both cropping seasons and the harvest index of Golden Crystal dropped from
the highest value of 57.5% during the major cropping season to below 20% during the minor cropping season
when the seasonal rainfall stood at 290.7 mm. Results of the study seemed to suggest that Golden Crystal could
not partition its superior TDM into grains under low and poor seasonal rainfall. Therefore, Golden Crystal is
the maize cultivar having the potential for making silage for animal feed to support and enhance sustainable
animal production in the coastal savannah agro-ecological environment of Ghana, where seasonal rainfall is
characteristically low and erratic. While, Obatanpa proved suitable for grain production regardless of the
cropping seasons, Mamaba could serve a dual purpose of providing grain yield as well as being used for silage
production because of its prolific production of TDM in both the major and minor cropping seasons in the
coastal savannah agro-ecological environment of Ghana. 
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INTRODUCTION productivity particularly poor grain yield and at times total

Maize (Zea mays L.) is the most important cereal in crop or intercropped with cassava because of the readily
Ghana in terms of production and consumption [1]. It is available market provided by the urban centers and the
grown intensively mostly under rain-fed conditions, need to produce the crop for subsistence.
particularly in the forest, forest-savannah and coastal Several improved maize cultivars have been bred and
savannah agro-ecological environments. The erratic released to farmers by the Crop Research Institute of the
nature and low rainfall, less than 1000 mm per year, in the Council for the Scientific and Industrial Research in Ghana
coastal savannah agro-ecological environment [2] is one to enhance sustainable production of the crop. Among
of the major constraints to maize production in the coastal these maize cultivars include the CIDA-ba, Dadaba,
savannah environment. This results in poor maize Golden  Crystal,  Mamaba  and  Obatampa noted for their

crop failure. Farmers, nevertheless, grow maize as a sole
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Table 1: Some of the chemical and physical properties of the soil at the experimental site
Soil Layer (cm) pH (H O) (1:2) Org. C (%) Total N (%) Avail. P (mg kg ) K (cmol+kg ) Sand (%) Silt (%) Clay (%) Bulk density (kg m )2

1 1 3

0-20 7.33 1.06 0.36 11.07 0.41 41.4 43.2 15.4 1.34
20-40 7.39 0.50 0.34 6.79 0.30 40.4 44.7 14.9 1.22
40-60 7.83 0.50 0.31 4.28 0.25 45.3 43.8 10.9 1.41
60-80 7.99 0.39 1.26 3.89 0.19 48.0 41.1 11.1 1.33
80-100 7.79 0.36 0.42 2.40 0.21 46.3 43.0 10.7 1.47
100-120 7.85 0.23 1.13 2.10 0.22 55.8 36.4 7.8 1.38

`high grain yield capabilities and improved nutritional schist which is described as a Ferric Acrisol [18]. Some of
status [3-9]. Of these maize cultivars, Obatanpa has been the physical and chemical characteristics of the soil are
widely adopted by farmers, covering more than 50% of presented in Table 1. The µMETOS , a micro electronic
maize acreage in Ghana and other west African countries weather station (Pessl Instruments GmbH, Weiz, Austria)
including Benin, Nigeria and Togo [2, 5, 10, 11]. Studies located about 50 m from the experimental plots recorded
on these improved maize cultivars have focused mainly on daily weather variables including maximum and minimum
their agronomy and post-harvest problems [5, 11, 12]. air temperature, relative humidity, solar radiation and

Biomass partitioning is important for crop production precipitation.
and plants usually divert accumulated biomass to other
plant parts to ensure and maintain a high production Maize Cultivars: Maize cultivars Golden Crystal, Mamaba
capacity [13]. Besides, maize improvement has focused on and Obatanpa bred for high grain yield and improved
increasing harvest index [13-15]. As there are limits to the nutritional status [3, 7] were used for the study. Mamaba
diversion of accumulated assimilates to different plant is a three-way hybrid quality protein maize [12] while
parts to support and maintain high crop production, there Golden Crystal and Obatanpa are normal open pollinated
is a necessity for a balance between assimilates diversion maize [3]. 
to other plant parts in order to achieve optimal crop
production [13, 16]. Therefore, reduced diversion of Sowing of Seeds: Seeds of the maize cultivars were sown
accumulated biomass into stalks and leaves results in on April 28, 2008 and September 1, 2008 for the major and
greater resource availability for grain production and minor cropping season, respectively. Seeding was done
increased harvest index [17]. at a distance of 0.4 m within rows and 0.8 m between rows.

This study, therefore, assessed the variability of Seedlings were thinned to 2 plants per hill one week after
accumulated biomass and its pattern of partitioning in germination to obtain 78,750 plants ha . A total of 275.0
three improved maize cultivars grown under rain-fed kg ha  of 15:15:15 NPK fertilizer was split-applied by
conditions in a coastal savannah agro-ecological broadcasting two weeks and four weeks after germination
environment of Ghana, which is characterized by poor and [3]. Weeds were controlled mechanically by hoeing
erratic seasonal rainfall, with the expectation of identifying whenever necessary. A 100 ml broad spectrum insecticide,
suitable maize cultivar (s) that could be used to enhance Pyrinex 48 EC (O, O-Diethyl 0-3, 5, 6-trichloro-2-
sustainable maize production  in  the  drought  prone pyridylphosphorothionate) in 100 L of water was spread
agro-ecological environment. five and seven weeks after crop establishment during the

MATERIALS AND METHODS design used was the randomized complete block design in

Study Area: Field experiments were conducted at the treatments. Each sub-plot measured 10.0 m by 10.0 m.
research farm of the Biotechnology and Nuclear
Agriculture Research Institute of the Ghana Atomic Plant Sampling and Dry Matter Determination: Eight
Energy Commission, Kwabenya-Atomic (Ghana). The site
lies on latitude 05° 40’N and longitude 0° 13’W, elevated
at 76 m above sea level. The study area is located in the
coastal savannah agro-ecological environment of Ghana
and receives an annual rainfall that ranges between 700
mm and 1000 mm. The soil at the site is the Haatso series,
a well-drained savannah ochrosol, derived from quartzite

®

1

1

major and minor cropping seasons. The experimental

four replications with the three maize cultivars as

maize plants were sampled at 28, 42, 56, 70, 84 and 98 days
after emergence (DAE) from an area of 1.28 m  in each2

sub-plot. Plant samples were separated into leaves, stalk,
ear, cob, husk and grain components. Sub-samples of
fresh plant components were oven-dried at 70°C until
constant weight was obtained before dry matter was
determined.  Additionally, grain yield at crop maturity was
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taken from a 10.5 m  area on August 8, 2008 and December lower than 5,190.0 kg ha  at 70 DAE reported by2

10, 2008 for the major and minor cropping season, Mubonderi et al. [20] for maize grown under rainfed
respectively. Grain yield was determined at grain moisture condition in Harare, Zimbabwe.
content that ranged between 13.0 and 15.0%. 

Statistical Analysis: Each plant part was statistically among the maize cultivars throughout the major growing
analyzed based on the experimental design used. Means season and peaked on 56 DAE at 450.0 kg ha  and
were separated whenever significant differences were declined to 100.0 kg ha  for Obatanpa and Golden Crystal
observed  using the least significant difference (LSD) at but 70.0 kg ha  for Mamaba (Fig. 2). Similar results were
P  0.05. The Genstats Statistical Tool Package was used obtained for the minor cropping season, except that the
to analyze the data. maize cultivars generally had comparatively higher leaf

RESULTS AND DISCUSSION significantly greater (P  0.05) than that of Golden Crystal

Weather Conditions: Air temperatures were generally 28 DAE. Also, leaf dry matter for Golden Crystal and
higher during the minor cropping season compared to Mamaba were similar but significantly different (P < 0.05)
values recorded for the major cropping season. from that of Mamaba on 56 DAE during the minor
Specifically, the maximum and minimum air temperatures cropping season, while all the maize cultivars had
were 30.5°C and 23.5°C for the major cropping season seasonal leaf dry matter of 300.0 kg ha  on 98 DAE (Fig.
(April-July), respectively, as against corresponding 2). This means that maize cultivars accumulated relatively
values of 31.9°C and 23.6°C for the minor cropping season higher leaf dry matter during the minor cropping season
(September-December). The mean solar radiation was which experienced lower seasonal rainfall of 290.7 mm,
212.1 W m  and 229.7 W m  for the major and minor suggesting better partitioning of biomass into leaves to2 2

cropping seasons, respectively. The mean relative sustain growth and productivity. Generally leaf dry matter
humidity was 81.4% and 78.2% during the major and minor ranged from 2.3 to 3.3% of TDM during the major
cropping seasons, respectively. Additionally, seasonal cropping season with leaf dry matter for the Golden
rainfall was 502.4 mm during the major cropping season Crystal and Mamaba being about 3.3% of TDM. In
while 290.7 mm of seasonal rainfall occurred during the contrast, a higher 10% of TDM was in leaf dry matter
minor cropping season. during the minor cropping season for Golden Crystal and

Total Dry Matter: Total dry matter (TDM) accumulated
by the maize cultivars was increased and peaked at 6,500 Stalk Dry Matter: Golden Crystal consistently had
kg ha  on 84 DAE with no significant difference during comparatively greater stalk dry matter, especially from1

the major cropping season and declined to 3,000.0 kg ha 56DAE to 98 DAE, reaching 2,000.0 kg ha  for Golden1

with Mamaba slightly producing the  highest  TDM on Crystal during the major cropping season and from 42
98 DAE (Fig. 1). For the minor cropping season, TDM was DAE to 98 DAE during the minor cropping season,
generally similar and greater than values observed for the besides the stalk dry matter being highest and
major cropping season, peaking at 70 DAE with Golden significantly different (P < 0.05) than corresponding
Crystal being the highest and TDM for all the maize values for Mamaba and Obatanpa. Again, stalk dry matter
cultivars declining to about 4,000.0 kg ha  on 98 DAE for all the maize cultivars were higher in the minor1

(Fig. 1). The comparatively higher TDM produced by the cropping season than values for the major cropping
maize cultivars during the minor cropping season season as a result of better efficient use of soil water for
suggests a better efficient use of soil water for TDM biomass accumulation with respect to the comparatively
accumulation. The seasonal TDM for the maize cultivars lower seasonal rainfall. Generally, stalk dry matter
observed for the major and minor cropping seasons are in averaged between 20.0 and 100.0 kg ha  on 98 DAE
agreement with TDM values of 3,726.0 kg ha  and 4845.0 during the major cropping season (Fig. 3), with values for1

kg ha  reported by Gwenzi et al. [19] for maize grown Golden Crystal being significantly different  (P < 0.05)1

under rainfed semi-arid environment in Zimbabwe but from values  for Mamaba and Obatanpa. For  the  minor

1

Leaf Dry Matter: Leaf dry matter was statistically similar

1

1

1

dry matter, with the leaf dry matter for Obatanpa being

and Mamaba which had similar leaf dry matter (Fig. 2) on

1

Mamaba.

1

1
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Fig. 1: Time course of total dry matter of three rain-fed maize cultivars during the (a) major (b) minor cropping seasons
in coastal savannah agro-ecological environment.

Fig. 2: Time course of leaf dry matter of three maize cultivars grown under rain-fed conditions during the (a) major and
(b) minor cropping seasons in a coastal savannah agro-ecological environment.

Fig. 3: Time course of stalk dry matter for three rain-fed maize cultivars grown during the (a) major and (b) minor cropping
seasons in a coastal agro-ecological environment.

cropping season, however, stalk dry matter ranged Husk Dry Matter: Husk dry matter at crop maturity
between 250.0 and 500.0 kg ha , with Golden Crystal ranged between 135.0 kg ha  for Mamaba to a significant1

producing the highest value, though no significant (P < 0.05) value of 160.0 kg ha  for Golden Crystal during
difference existed in stalk dry matter among the maize the major season, ranging between 4.5% and 5.5% of
cultivars. TDM accumulated. Husk dry matter was, however, not

1

1
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significantly different among the maize cultivars during et al. [21] and Riaz et al. [22] but close to the range of
the minor cropping season but ranged between 1.5% and 22.9-23.3% harvest index values for maize hybrids grown
2.5% of TDM, with Obatanpa and Golden Crystal in Pakistan [23]. This suggested that the partitioning of
producing the lowest and highest husk dry matter, accumulated biomass into grain by Golden Crystal is
respectively. sensitive to the amount of seasonal rainfall and , therefore

Cob Dry Matter: Golden Crystal had cob dry matter of minor cropping season in the coastal savannah
90.5 kg ha , 170.9 kg ha for Mamaba and 132.3 kg ha environment which received only 57% of the 502.4 mm1 1 1

for at crop maturity during the major cropping season as seasonal rainfall recorded in the major season, could
against corresponding values of 150.5 kg ha , 188.7 kg result in poor grain yield, reduced income and1

ha  and 234.4 kg ha  during the minor cropping season. consequently food insecurity among subsistence farmers.1 1

Though no significant differences were observed in cob Furthermore, Mamaba recorded a high harvest index of
dry matter among the maize cultivars during both the 57.5% during the major cropping season in line with the
major and minor cropping seasons, cob dry matter was comparatively high seasonal rainfall of 502.4 mm as
generally higher during the minor cropping season, compared to 37.9% for Obatanpa and 32.6% for Golden
suggesting that the maize cultivars were generally better Crystal. The performance of Mamaba during the minor
efficient in using soil water for biomass accumulation and cropping season was equally encouraging as its biomass
its partitioning into cobs. production and harvest index were highest compared

Grain Dry Matter and Harvest Index: Grain dry matter for Mamaba was most productive in terms of grain yield and
the maize cultivars was significantly different (P < 0.05) dry matter partitioning as compared to the maize cultivars
during the major cropping season, with Mamaba having during the major cropping season as well as the minor
significantly the highest grain dry matter yield of 3240.0 cropping season. Obatanpa proved intermediate in terms
kg ha , followed by Obatanpa with 2620.0 kg ha  and of total dry matter production and grain yield and had a1 1

2470.0 kg ha  for the Golden Crystal. Though Obatanpa stable harvest index which did not change significantly1

had the highest grain dry matter yield of 3,180.0 kg ha , during the minor cropping season which received a1

followed by Mamaba with 2,670.0 kg ha  and 2320.0 kg seasonal rainfall of 290.7 mm.1

ha  for Golden Crystal during the minor cropping season,1

no significant difference was observed in grain dry matter CONCLUSION
among the maize cultivars. It was noted with interest that
Golden Crystal maintained a fairly constant grain dry All the maize cultivars accumulated total biomass
matter yield in both the major and minor cropping that was different for the major and minor cropping
seasons, while grain yield of Mamaba declined by 17.6% season, TDM being comparatively higher during the
and that for Obatanpa increased by about 18.5% of the minor cropping season, even though seasonal rainfall was
levels recorded during the major cropping season. about 57% of that observed during the major cropping
Similarly, Obatanpa, Mamaba and Golden Crystal recorded season. Higher temperatures [24] and solar radiation
grain harvest indices of 37.9%, 57.5% and 32.6%, promoted efficient use of available soil water for enhanced
respectively during the major cropping season, values biomass production during the minor cropping season.
which compare reasonably with the range of harvest index Additionally, Obatanpa proved consistent in grain dry
values 44.6-53.6% for maize hybrids grown under water matter production because of its consistently high
deficit conditions in Iran [21] and the range of values 38.1- harvest index, regardless of the season and the levels of
43.1% for maize hybrids grown in an area prone to the seasonal rainfall, while Golden Crystal failed to
drought-stress in Pakistan [22]. partition its superior total dry matter into substantial grain

For the minor cropping season, however, Obatanpa yield as a result of poor harvest index due to
had harvest index of 38.8%, 30.7% for Mamaba and 19.9% comparatively low seasonal rainfall, a characteristic very
for Golden Crystal. The harvest index value of 19.9% for common during the minor cropping season in the coastal
Golden Crystal in the minor cropping season was far less savannah agro-ecological environment in Ghana. For this
than the range of harvest index values reported by Sajedi reason,  we  recommend the use of Golden Crystal for feed

the use of Golden Crystal in drought-prone areas as in the

those of Obatanpa and Golden Crystal. Therefore,
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production because of its superior biomass production, 7. Osei, S.A. and K. Effah-Baah, 1994. Quality protein
which is not adversely affected by the comparatively low maize as a broiler feed ingredient. Proceedings of
seasonal rainfall observed during the minor cropping Animal Science Symposium, 22: 45-49.
season. Thus, Golden Crystal seems to be a good maize 8. Badu-Apraku, B., S. Twumasi-Afriyie, P.Y.K. Sallah,
cultivar that could be used to produce silage for animal E.A. Asiedu, S. Dapaah and B.D. Dzah, 1992. The
feed for promoting and enhancing sustainable animal development and release of an early-maturity streak-
production in the coastal savannah ago-ecological resistant maize variety, Dorke SR (Memeo). Crops
environment of Ghana. Mamaba, on the other hand, could Research Institute, Kumasi, pp: 21.
serve a dual purpose of providing grains for human 9. Badu-Apraku, B., S. Twumasi-Afriyie, P.Y.K. Sallah,
consumption and silage for animal production in the E.A. Asiedu and B.D. Dzah, 1990. Development and
coastal savannah agro-ecological environment because of release of Abeleehi (Memeo). Crops Research
its high biomass accumulation and high and stable Institute, Kumasi, pp: 16.
harvest index, regardless of the levels of seasonal rainfall. 10. Dankyi, A.A., P.Y.K. Sallah, A. Adu-Appiah and A.
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