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Seasonal partltlonlng 01 dry matter and nitrogen over a growing season in 
Andropogon rectorurn regenerated from rhizomes were studied under nutrient 
and water regimes in sand culture. The dry matter and nitrogen content of 
Andropogn rectorurn was partitioned into leaf, stem, root and rhizoms fractions 
under both regimes. 

The leaves constituted the largest component of the biomass under both 
treatments over the growth period and its contribution ranged from 30.96% to 
72.19% while the rhizome constituted more or less the least component of the 
biomass (3.19% to 38.25%) over the entire growth period except at the early 
stage and stem and root had intermediate proportions. 

Percentage total nitrogen in leaf, stem, root and rhizome generally declines 
from the begining of growth period to maturity. The total nitrogen concentration 
of leaves of both treatments was constantly higher than those of other parts 
monthly throughout the study period. The proportion constituted by the leaves 
declined from the early stage to maturity whereas in rhizomes the proportion 
was increasing from the early stage to maturity. 

At maturity a notable general trend of percentage total nitrogen proportions 
constituted by different parts of plants is that proportion constituted by below- 
ground parts was higher than those of above-ground parts while reverse was the 
case with dry rrntt- 

The flowering plants employ a wide variety of asexul reproduction methods which 
complement or  replace the sexual process (Helslpop-Harrison 1982). The most familiar 



processes are those which come under the heading 'vegetative reproduction'(clona1 
growth). These depend on the distribution and separate establishment of physiologically 
independent individuals from segments of the parent plant. These segments may be 
underground rhizomes as in many grasses, or small propagules readily; detachable from 
the shoot, such as bulbils of onions. 

The grasses, except for some primitive bamboos, are purely herbaceous plants and 
many have evolved a most successful habit of vegetative growth, which allows the plant 
to withstand the depredations of grazing animals, periods of drought and even death of 
the aerial parts. These they achieve by the production of underground rhizomes or 
creeping surface stems, and they have the ability to produce aerial shoots from buds in 
the axils of their scale leaves. Some grasses have also developed the tufted habit whereby 
branching of the main stem usually Gccurs from the basal buds (tillering), which results 
in a plant with numerous stems, each capable, if damaged, of new basal erect branches 
and continuing the life of the plant. All these peculiar attribute to typical grass, together 
with its fibrous, usually extensive and efticient root system have contributed to the success 
of the grasses in present day vegetation. 

Harris and Davy (1986) noted that multi-node rhizome fragments hold an important 
advantage over seeds in their ability to produce viable shoots following burial. Their 
response is more flexible in that imposed dormancy of surbordinate buds on rhizomes 
makes more resources available to the dominant shoot, improving the likehood of 
successful emergence, and it also conserves buds and resources against the threat of 
repeated mechanical disturbance. This is in contrast to seed where germination is an-all- 
or-nothing gamble. 

Puttens (1990), who made a study of different methods of establishing Ammophila 
arenaria (Marram grass), by planting bundles of culm, sowing seed and disc-harrowing 
rhizomes, observed that rhizomes produced more robust tillers and more above-ground 
biomass than bundles of culm and seedling when fertiliser wa. applied. Without fertiliser, 
culms gave most biomass production, but seedling growth was very poor. Earlier, Wareing 
(1964) and Berg (1972) stated that underground vertical sfems rhizoms have never been 
used for establishing Ammophila arenaria. 

Nicholson (1952) and Ranwell (1972) had also observed that in constrast to seeds, 
the rhizomebud o f  Elymus farms  are not primarily dispersive structures, although once 
removed from the parent plant by breakage or decay of rhizomes they can produce 
shoots and adventitous roots. The weight of evidence in E. repens suggest that 
production of new shoots and roots from buds on detached rhizomes fragments is 
dependent to a large extent on accumulated reserves in those rhizomes (Harris and 
Davy, 1986). 

Much work has been done on the seasonal partitioning of nitrogen in Graminea, 
and many workers have shown that mobile elements, such as nitrogen, are concentrated 
in young tissues. The gradient of nitrogen concentration from roots to leaf supports the 
concept that nitrogen compounds are translocated from underground organs to the leaves 
and meristematic tissue of the shoot apex Pate (1968). Wilman et. al. (1976), in an 
experiment with Italian ryegrass (Lolium multijlorum Lam) showed that the nitrogen 
content of green leaf was consistently higher than that of other fractions. Russell et a/. 



(1954) also showed that the nitrogen percentage in bromegrass (Bromus inermis Leyss) 
forage increased notie ably with increase in the rate of fertiliser applied and that there 
was a progressive decline in nitrogen percentage throughout the growing season, although 
differences due to the rate of nitrogen fertilisation persisted. They noticed that there was 
a rapid accumulation of nitrogen in bromegrass forage during the early stages of growth. 

If tillers, tufts or shoots, roots and rhizomes are not physiologically independent 
entities, it is important to determine the role they play in the development of a 
population. The purpose of this study to determine the proportion constituted by leaves, 
stems, roots and rhizomes of Andropogon tectorum, in terms of biomass and nitrogen 
accumulation as season progresses under nutrient and water regimes and to find out 
whether the amount of nitrogen in the soil affects the partitioning of nitrogen in plant 
parts. The present work describes the result from a destructive sampling procedure 
which permitted biomass and nitrogen accumulation to be partitioned and measured 
along the sequence of growth phases of Andropogon tectorwn regenerated from rhizomes 
under water and nutrient regimes. 

MATERIALS AND METHODS 

Eighty 5.5 litre, 20cm deep buckets with three drainage holes drilled at the bottom - of each were filled with washed and in readiness for the experiment. Dormant rhizomes 
- of Andropogon tectorum were collected from the base of Hill I1 of Obafemi Awolowo 
- .  University, IIe -1fe where they grow naturally and planted in the Obafemi Awolowo 

University, Botanical Garden in December,l986. The rhizomes started to sprout two 
weeks after planting and four weeks after emergence, the sprouts were transplanted into 
sand- filled experimental buckets, one plants about 4gm per bucket. 

The eighty buckets were divided into two groups, each group containing 40 buckets, 
the first group numbered 1-40 and the second group numbered 41-80. The buckets were 
then set in a screen house and were watered daily with 200ml of distilled water for an 
initial period of two weeks to allow them become established in the sand media. The 
wetting was continued for a further three weeks, ammonium nitrate solution (0.029gl-I) 
which supplied an equivalent of 5ppm nitrogen to the plants was also applied. This was 
to further ascertain that the plants were firmly established before the commencement of 
the experiment. 

On the 1st of February, 1987, the actual experiment began with the daily wetting of 
- the plants in buckets numbered 1-40 (group 1) with 2001111 (per bucket) of a nutrient solution 

that contained 35ppm nitrogen in form of potassium nitrate (0.216gl-I; 30ppm) and ammonium 
nitrate (0.029gl-'; 5ppm). The plants in buckets numbered 41-80 (group 2) were fed with 
200ml of plain distilled water daily. The nutrient solution contained the necessary mineral 

. nutrient solution that are known to be utilized by plants, in the proportions formulated by 
Hewit (1952). The chosen level of nitrogen was considered adequate for grass growth. 

At the end of each month, starting from February ecding, till November ending 4 
buckets were randomly sampled from each group. At harvest the plants were separated 
into rhizomes roots, stems and leaves by cutting. The plants were dried to constant weight 
at 80 OC, weight and ground in an 800RPM 8". Labratory mill through a 1.5mm mesh 
ready for analysis for percentage total nitrogen. 
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Fig. la: Monthly mean oven dry weight per pot of leaves, stems, roots and rhizomes of . 
Andropogon rectorurn growing season. 



m-a L e a v e s  

e - 4 S t e m  

5 4 Rool  
&...a Rhizcrnc 

Feb March April May June July k t g  scpt Oct N0v 

FI G- lb : P E R I O D  

Fig. l b .  Monthly mean oven dry weight per pot of leaves, stems, root and rhizomes o t  
Andropogon tecrorum grown under water regime over one growigg season. 
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Fig. 2a: Mean monthly percentage allocation of biomass to leaf, stems, root ar.d rhizome 
- 

in Andropogon rectorurn grown under nutrient regime over one year. 
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Fig. 2b: Mean monthly perccentage allocation o f  biomass to leaf, stems, root and rhizome 
in Andropogon rectorum grown under water regime over one year. 
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Fig. 3a: Mean monthly percentage total nitrogen concentration in leaves, stems, roots and 
rhizome o f  Andropogon rectorum grown under nutrient regime over one growing season. 
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Fig. 3b: Mean monthly percentage total nitrogen concentration in leaves, stems, roots and 
rhizomes of Andropofion tectorum grown under water regime over one growing season. 
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Fig. 4a: Percentage allocation o f  total nitrogen in eAndropogon recrorum grown under 
nutrient regime to various plant parts at various stages of  growth. 
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Fig. 4b: Percentage allocation of total nitrogen in Andropogon recrorum grown under water 
regime to various plant parts at various stages of growth. 



Analysis for total nitrogen was carried out by Kjeldahl method as described by Tel 
and Rao (1982). 

Analysis of variance was to test significant differences in data and where necessary 
the student-Newman Keuls a posteriori test (Kokal and Rohlf 1969), was used to rank 
data when significant difference existed. 

RESULTS 

The biomass of Andropogon tectomm partitioned into leaf, stem, root and rhizome 
fractions at both nutrient and water regimes are shown in Figs. l(a) and 0) respectively. 
For both treatments dry matter values per bucket in grams were low at the beginning of 
growth (Feb), with general increase as the season progressed. A general increase for all 
plant parts for both treatments throughout the growing season was also observed. The 
monthly difference in the oven dry weight of the different parts at both treatments is 
slgnrficant at P < .001. 

The leaves constituted the largest component of the biomass at both treatments over 
the growth period Figs. 2 (a) and (b). The monthly proportion of leaves ranges from 
39.82% (October) to 67.99% (March) and from 30.96% November to 72.19% (August) for 
the nutrient and water regimes respectively. There was little month variation in leaf dry . 
matter proportion under the nutrient regime at the mid-growth period, between May- - 
August. It ranges from 52.01 % to 56.33%. The pattern under water treatment varied more 
widely. 

Rhizome constituted more or less the lowest component of the biomass over the 
entire growth period; except at the early stage (February-April). This was not unexpected, 
since the rhizome was the means of propagation used, and before the subsequent flush of 
new shoot emerged, the rhizome is expected to have the largest dry matter proportion. 
The lowest dry matter proportion constituted by rhizomes was more prononuced at the 
mid-growth period (May-September). The monthly dry matter proportion contributed by 
the rhizomes under nutrient regime ranges from 2.99% in May to 37.37% in February 
while under water regime it range gram 3.72% (May) to 23.61 % (February) Figs 2(a) 
and (b). This is also not unexpected because rhizomes serve as a feeder to other parts of 
the plants. 

The monthly allocation of day matter to stem and root were intermidiate between 
leaves and rhizomes under both nutrient and water treatments. Root proportion was more 
than that of the stem under both treatments Figs. 2(a) and (b). 

Regarding- the rate of dry matter accumulation, it was observed in both treatments 
that the highest rate of dry matter accumulation was in the leaves, and the lowest in 
rhizomes, while that of the stem and root were intermediate 

The proportion of Dry matter allocated to the roots ranges from 13.83% in February 
to 42.81 % in May and 15.03% in February to 42.64% in May, in nutrient and water 
regimes respectively, while proportion allocated to the stem range from 2.37% in February 
to 26.17% in September and 2.30% in March to 37.61 % in August in nutrient and water 
regimes respectively. 



207 
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Percentage total nitrogen in leaf, stem, root and rhizome generally declines from 
the begining of growth in February to maturity in November [Figs 3 (a) and (b)]. The 

. monthly difference in the total nitrogen concentration of the different parts at both 
treatments were significant at P<  .001. 

The total nitrogen concentration of leaves of both treatments was constantly higher 
than those of other parts throughout the study period except in the month of November 
under the nutrient regime and in the month of August under water regime where it ranked 
third. The other parts cannot be generally ranked because they did not show a detinite 
constant pattern throughout the study period Figs. 3(a) and (b)]. 

The nitrogen analyses on leaves show that the proportion constituted by the leaves 
ranges from 3 1.17% (November) to 47.8% (February) and 23.42% (November) to 39.31 % 
(February) in nutrient and water regime respectively. These results indicate that at the 
beginning of the growth the percentage total nitrogen concentration proportion of the leaves 
was high at both nutrient and water treatments and low at the mature stage (Figs. 4 (a) and 
@>a 

In contrast to what was observed in leaves the total nitrogen percentage proportion 
of rhizome at both treatments was low at the beginning but continued to rise until maturity. 
The proportion of nitrogen in the rhizomes ranges 15.5% in February (early growth) to 
28.82% in November (maturity) and 1 1.29% (February) to 30.88 % (November) in nutrient 

.? and water treatments respectively [Figs. 4 (a) and (b)]. 
The stem's percentage total nitrogen concentration allocation fluctuated from the 

begining (early growth) the stem's proportions was higher than that of the root while 
the root's proportion was higher than that of the steam towards maturity. The proportion 
allocated to stem ranges from 5 %  ( ~ e b r u a r ~ )  in the nutrient and water regimes 
irrespectively. Similarly the nitrogen proportion contained in the root ranges from 17.43% 
(May) to 3 1.8 1 % (February) and 20.29 %(October) to 3 1.64% (November) in nutrient and 
water regime respectively. These differences in the proportions constituted by the different 
parts monthly at both nutrient and water treatments were significant at P <  .001. 

At maturity a notable general trend in percentage total Nitrogen allocation to different 
parts of the plants is that below-ground parts (roots and rhizomes) proportion is higher 
than those of aeriallabove ground parts (leaves and stems) at both treatments. 

Another observation in the results is that whether the grass was given only water 
or low level of nitrogen (35ppm), plant parts, that is the leaves, stems, roots and rhizomes, 
development in terms of physical size and nutrient accumulation follows the same trend/ 
pattern. 

DISCUSSION 

A plant's size directly reflects the conditions under which it is growing and plant 
growth analysis summarizes the overall performance of a sets of plants growing under a 
particular set of condition. Yield component analysis partitions total yield into a series of 
multipl icate factors 1 ike roots, rhizomes, stems and leaves, (Waler, 1986). Andropgon 
rpctorum invested the largest component of thier biomass in the leaves throughout the 



growth period and the lowest component in the rhizomes while the stem and the root 
dry matter proportions were intermediate between leaves and rhizomes. This pattern was 
not unexpected since the rhizome was the means of propagation used, and serve as feeder 
to other parts of the plants. The greater allocation of resources to leaf is in agreement 
with other workers observations that in herbs or annual plants there is greater allocation 
of resources to leaf development (Bray, 1963). This greater than aveerage allocation of 
dry matter to leaf was consistent in monthly samplings throughout the growing season. 

Furthermore, the consistently low allocation to the rhizome may indicate that a low 
investment in the rhizome of total biomass represents the minimum necessary for growth. 
The roots: rhizome ratio in ielation to biomass was consistently increasing as the season 
progresses and this is an indication ofability of the rhizomes to successfully support the 
root which will latter translocate materials to above-ground to enhance good shoot 
production. This is in agreement with the observation of Thornley (1975) that root: 
rhizome ratio increases with age in herbaceous plants. Plummer (1943) has also showed 
with range grasses that the rapid elongation of the seedling root is important off successfal 
establishment of annual pastual species. 

The observed progressive decline in nitrogen concentration with season is in 
agreement with studies of Russell et al. (1954) on Bromus inermis Leyss, Flernrning and 
Murphy (1968) who used mixed sward, Opakunle (1978) on Andropogon gayanus and - 
Schizachyriwn sanguinewn and Isichei (1983) who worked on major grasses of the 
Derived and Guinea savanna zones of Nigeria. The large difference in nitrogen 
concentration between early growth and late growth (at maturity) is anributed to the 
preponderance of carbohyderate-rich mature tissue as opposed to protein-rich young 
tissues with high amount of cytoplasmic components. 

Several workers have also reported that there is translocation of nitrogen from the 
above-ground to the below-ground parts of grasses (Isichie 1983) so the observed lower 
levels of nitrogen at maturity in the two treatment regimes used for this study is not 
unexpected. 

The ability of this plant to accumulate considerable nitrogen in the below-ground 
parts (roots and rhizome) and decrease the level in its aboveground parts as the season 
progresses enables it to use the nitrogen conserved below-ground for new growth in the 
field after the first rains. The continously increasing allocation in nitrogen to rhizomes 
was consistent in monthly samplings throughout the growing season. This ability of 
rhizome to accumulate more nitrogen is also a strong indication of translocation of reserves 
away fiom old rhizomes to new ones to support the first flush of new roots and shoots 
(Harris and Davy 1986). The ability of these rhizomes to remain alive underground during 
the dry season and burning has contributed to Andropogon tectrown success in a abitat 
that experiences prolonged drought and annual burning. The basal meristem of the rhizome 
enables A. tectorum to withstand grazing. 
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