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ABSTRACT

The growth of six grasses, grown as spaced plants
under two ecologically different habitats in Kenya,
were studied with the object of obtaining basic inform-
ation on their growth and development. This inform-
ation is an essential part of general research aimed
at the improvement of stability and value of rangelands
in East Africa. An introduction to the grass species
and the experimental sites is given, and methods em-
ployed are described.

Plots of Cenchrus ciliaris var.biloela, Chloris
gayana var.mbarara and Panicum maximum var.makueni
were established at Muguga in April 1968 and sampled
nine times until March 1969. In addition, at Muguga
(2,086 m, high rainfall) and Kedong (1,878 m, low
rainfall) the above mentioned grasses and Cenchrus
ciliaris var.mbalambala, Eragrostis superba and
Themeda triandra were sampled five times from April
1967 to February 1968 and subsequently during May
to July of the same year.

Comparative dry weight yields and plant part
ratios, and comparisons between spaced plants and
swards were included in the study.

The evaporative demand on plants was similar at
the two sites, but relatively large differences in
rainfall and soils were recorded. Yields and growth
trends, however, were similar.

Large differences were obtained between species.
High shoot yields were recorded for P.maximum and
C.gayana while root yields were high in C.gayana



and the two C.ciliaris varieties. In 28 month old sward
plots, C.ciliaris var.mbalambala yielded 7,000 kg/ha
root dry matter compared to 3,300 kg/ha for P.maximum.

Defoliated plants of P.maximum yielded less above
ground, had smaller root yields, shallower rooting depths
and less horizontal spread than non-defoliated plants.

The relationship between above and below ground
growth expressed as leaf/root and shoot/root ratios
was calculated: the C.ciliaris varieties and T.tri-
andra gave low ratios. The ratios in most species
varied throughout the growth period. A simplified
method for determining relative differences between
shoot/root ratios of perennial grasses is given. Shoot/
root ratio values of spaced plants, and plants grown
in swards were similar; values obtained for spaced
plants are, therefore, of direct application to swards.

Mean nodal root diameter and nodal root branching
differed greatly from one species to another. C.cili-
aris var.biloela had the coarsest but the least branced
nodal roots while the opposite was found for P.maximum.
The cortex remained intact in both C.ciliaris varieties
I months from planting. The cortex of nodal roots of
P.maximum was lost within 3 months of planting except
for short sections behind the root tips. In the other
grasses the root cortex was lost, but to a lesser de-
gree. Visual examination at any of the samplings did
not reveal any dead roots.

A mucilagenous layer to which soil particles ad-
hered was observed on the roots of E.superba and T,tri-
andra. These two species also had a relatively higher
density of roots in the soil surface layer at Kedong
as compared to the other grasses. At Muguga (1968-1969)
it was shown that the amount of roots present in the



XV

0-20 cm soil layer as a per cent of total roots chan-
ged considerably throughout the growth period.

Excavated plants and readings from gypsum resis-
tance blocks indicated that the grasses could be plac-
ed in two groups, those that were deep rooting (C.cili-
aris varieties, C.gayana and P.maximum) and those which
were shallow rooting (E.superba and T.triandra). Ro-
oting depth was greater under swards as compared to
spaced plants.

At Muguga (1968-1969) differences between root vo-
lumes were comparable to differences in root yields,
except for slight deviations caused by individual chang-
es in the specific weight of roots.

The specific weight of leaves of C.ciliaris var.
biloela was higher, and for P.maximum lower, than that
of C.gayana. From April to July, the specific weight
of leaves increased although both temperature and to-
tal light decreased.

The results are discussed in relation to climate
and soils, and recommendations, believed to be of va-
lue to the planning of future work and range manage-
ment, are given.



CHAPTER 1

INTRODUCTION

Throughout much out East Africa rainfall is both
low in quantity and erratic in distribution with the
result that, during consequent periods of low soil
moisture, plant growth may be seriously restricted.
As plant growth becomes limited, the rangelands are
often destroyed through overgrazing, resulting in
considerable livestock and wildlife losses.

In East Africa, rangelands are usually charac-
terized as areas receiving less than 760 mmrainfall
per annum; areas where rainfall is higher are usually
considered as better potential land. According to
MacGillivray (1967) approximately 63 per cent
(1,052,000 square km) of the total land area in East
Africa is available for pasture and range. Improvement
in the stability and value of these areas requires
intensive research into many fields. Although several
means of increasing the potential of the rangelands are
available, such as control of the number of animals
to avoid overgrazing, control of undesirable bush by
the use of fire, chemicals or machines and artificial
reseeding, these cannot be used without knowledge of
how they should be applied under various environmental
conditions. The East African rangelands are characterized
by a complex of ecological variables. One example that
illustrates this clearly is rainfall. Annual and
monthly rainfall for a given location vary greatly
from one year to another (Heady 1960). Also, on an
East African basis there are great differences as to
the season of the year when precipitation occurs



(Walter 1952). Griffiths (1958) divided East Africa
into ten different climatic zones. For example, the
central region of western Uganda including Ankole has
two rainy seasons a year, from February to May and
from September to November, while the Karamoja region
has only one wet season from April to September.

Most rangelands in Kenya have two rainy seasons: March
to May and November to December. In Tanzania, the
greater part of the drier regions have only one wet
season per year, for example the Serengeti receives
most of its rainfall during December to May.

In addition to the large variations in rainfall
and rainfall pattern, the effectiveness of a given
amount of rain will again depend on the capacity of the
soils to absorb and store water available to plants,
and on the evaporative power of the air.

As the root system of a plant is the main organ
through which both nutrients and water are taken from
the soil, it is relevant to obtain basic data con-
cerning growth. The need for research into this field
in East Africa was stressed at a Pasture Specialist
Committee Meeting held at the National Research Station
Kitale in June 1964. A recommendation to this effect
was made, and this led to the present study under-
taken at the East African Agriculture and Forestry
Research Organization.

The grasses selected for this study included
species important to both rangelands and pasture,
and a brief evaluation of these and their distribu-
tion is given. In East Africa very little is known
about grass roots and their relation to shoot growth.
Some studies have been carried out in other parts of
Africa, but these have mainly dealt with certain



aspects of root growth without considering the above
ground parts. Price (1911) studied the anatomy and
morphology of roots in grasses growing under desert
conditions in North Africa, and Goossens and Stapel-
berg (1933) and Goossens (1936) carried out similar
investigations in South Africa. Also in South Africa,
Murray and Glover (1935) classified grasses on the
basis of depth and lateral spread of the roots; the
root development in grasses under arid conditions in
Somalia were described by Glover (1951).

The object of the present study was to determine
the growth potentials and behaviour of six important
grasses during their establishment year at two loc-
ations in East Africa. As far as practical limita-
tions would allow, locations were selected for differ-
ences in soils and rainfall. The study was designed
to provide information that would enable a prediction
to be made as to the use of these grasses in the over-
all improvement of the East African rangelands. It
was decided to carry out the investigation on indi-
vidual plants although it was realized that by spac-
ing the grasses the effect of competition was removed.
In addition to determining yields and growth patterns,
studies on distribution of roots in the soil, rooting
depth and spread, changes in soil moisture and certain
aspects of leaf growth were made.

In the field experiments, wide spacing prevented
plant competition. Under sward, relative species
growth will change, though relative growth order of
species is likely to remain the same as that deter-
mined. Many workers including Ahlgren et al. (1945),
Kramer (1947), Nissen (1960), Wright (1960) and
Lazenby and Rogers (1962), have shown that characters
measured on spaced plants may change with plant den-
sity. Green and Eyles (1960) found that the yields



in five varieties of Lolium perenne grown in a spaced
plant culture did not agree with those obtained in
broadcast sward. Nevertheless, these authors sugges-
ted that spaced plant cultures usually give a better
indication of relative growth potential than do swards.
For wheat, Puckridge and Donald (1967) reported that
plant weight increased with decreasing population den-
sity. Maximum differences occured at maturity. Maxi-
mum yields were obtained in the higher density stands,
but not always in the stand of highest density, sug-
gesting that competitive effects were involved.

When the present study began, individual plant
spacing was selected. In comparison with sward culti-
vation, individual spacing seemed capable of yielding
information particularly on roots, that would be more
extensive and reproducible. Moreover, relative species
growth estimated from the results could be used as a
working hypothesis to make a tentative prediction of
a mixed sward, or relative growth order of species
as single sward components. One attempt was made to
compare sward with spaced plants, but due to the limi-
ted time available, this work could not be developed.
Whereas much of the data, therefore is not of imme-
diate and direct application, the results suggest lines
for future research. They also form a basis for a
direct appraisal of the effect of various pasture and
range management practices on grass growth.

This thesis gives a full account of the results
obtained, and includes an evaluation of the methods
used. Conclusions and recommendations are deduced
from the data.



CHAPTER 11

LOCALITIES

Experimental plots were located in Kenya at Muguga
and on the East African Agriculture and Forestry Research
Organization (EAAFRO) Dryland Research Ranch, Kedong,
in the Rift Valley.

Muguga (36°38 E, 1°13 S) lies at an altitude of
2,086 m and the annual rainfall is 1,013 mm (18 years
of records) with two main wet periods per year: a
long rains in April-May and a short rains in November-
December. A short period of mists occurs during Aug-
ust in most years. Further climatic details are given
in Table 1.

The whole of the Muguga area was forested (Juni-
perus, Plea, Euclea, Teclea) at the turn of the cen-
tury but was subsequently cleared for agriculture and
is now used as mixed farming land. The soil at Muguga
(Kikuyu Red Loam) is derived from both volcanic and
basement complex rocks and is a lateritic, weak to
moderately developed dark red-brown (5YR 3/3 when moist,
Munsell 1949) clay loam of some 50 cm depth overlying
medium clay of 10 cm depth; it has a friable consist-
ency and moderate permeability.

The ability of the Kikuyu Red Loam to hold water
available to plants, defined as the water held between
1/3 and 15 atmospheres tension, was determined in seven
sets of profile samples from five pits at Muguga (data
from EAAFRO Physics Division 1969). It was found that
this soil profile could hold 229 mm of available water
between the soil surface and 195 cm depth; the amount
between the soil surface and 315 cm depth was 329 mm
(Table 2).



TABLE 1

Mr.ntrly sm.-n cf daily rainfall, aaxiaua plus mlnlaua air temperatures, Penman* eatlM te of potential evaporation,

and aonthiy means of rainfall for Muguga (18 years of records) and Kedong (7 years of records) including 1966

Rainfall, mm Air temperature °C Pot. evaporation, mm
Date
Kuguga Kedong Muguga Kedong Muguga Kedong
January 1967 0.0 5.3 17.4 19.5 219 180
February 4.4 39.1 18.2 19.8 204 180
March 21.6 44.7 18.7 20.6 211 206
April 419.2 152.9 17.0 18.8 141 145
Kay 375.6 275.3 15.5 17.2 103 134
June 50.9 21.8 13.7 15.2 88 108
July 13.4 37.1 13.4 15.0 87 110
August 34.6 15.0 13.2 14.9 108 118
September 34.1 10.7 14.5 15.3 133 142
October 81.0 22.6 15.7 17.7 154 170
Sovember 96.5 63.5 15.8 18.4 140 155
December 49.5 58.2 15.9 18.1 171 152
Total 1,160.8 746.2 1,759 1,800
Mean 15.8 17-5
January 1968 0.0 8.4 16.9 20.0 197 188
February 108.5 107.2 16.9 19.5 164 139
March 237.6 164.6 15.9 17.6 134 126
April 239.5 256.0 15.5 17.5 115 124
Kay 218.6 64.8 14.8 17.0 105 111
June 53.9 62.0 13.8 15.8 91 105
July 1.8 3.3 12.4 14.6 74 100
August 0.8 2.0 12.6 14.6 84 103
September 8.5 8.4 14.4 16.1 153 156
October 31.7 47.2 16.2 17.6 167 165
Sovember 212.4 68.6 15.0 18.1 116 147
December 130.1 117.9 15.9 18.0 169 165
Total 1.243.4 910.4 1,565 1,627
Mean 15.0 17.2
January 1969 65.6 78.5 16.2 18.5 185 178
February 49.0 70.6 16.1 18.2 139 147
Marc_h 78.9 14.2 16.6 19.2 155 177
April 60.1 15.0 17.3 19.0 164 169
Kay 159.4 152.7 15-9 17.3 112 120
Mean rainfall, am.
Jan. Feb. Mar. Apr. Kay Jim. Jul. Aug. Sep. Oct. Hov. Dec. Total
Muguga
18 years 59.8 43-7 73.7 2475 194.4 42.0 20.2 25-0 22.6 52.6 138.1 93.1 1,012.9
Kedong
7 years 59.7 43.9 86.9 231.7 1345 28.6 31.0 17.1 10.5 32.1 61.9 66.9 804.8

<Permian 0-948)



TABLE 2

Soil water held between field capacity
and 15 atmospheres tension

Available water in rnn

Soil
dePth Muguga Kedong

Per layer tROutnanIiSng Per layer L?Outnanli:g
6- 15 18.0 25.9
15- 45 32.0 50.0 52.0 77.9
45- 75 35.5 85.5 62.4 140.3
75-105 40.3 125.8 55.9 196.2
105-135 34.5 160.3 53.5 249.7
135-165 35.3 195.6 51.2 300.9
165-195 33.0 228.6 53.0 353.9
195-225 29.0 257.6
225-255 25.5 283.1
255-285 21.5 304.6

285-315 24.8 329.4



Kedong 36030'e, 0°55 S) lies at an altitude of
1,878 m and the mean annual rainfall is 805 mm based
on 7 years of records. The seasonal rainfall pattern
is essentially that of Muguga but there are no peri-
ods of ‘mist. Further climatic details are given in
Table 1.

The Kedong area is wooded grassland range with
Acacia drepanolobium and Tarchonanthus camphoratus as
the dominant species with Themeda triandra as the main
grass. The soil at Kedong is volcanic ash and sand
of Pleistocene to Recent age. It consists of a struc-
tureless to weakly developed, dark grey-brown (10 YR
3/2 when moist) sandy loam 40-50 cm in depth, over-
lying various layers of fine to coarse lava tuff; its
consistency is friable to loose and its permeability
is rapid to moderate. At varying depth beneath the
surface there is a compact but usually cracked layer
in which the soil particles are cemented together by
calcium carbonate.

Adjacent to the experimental plots at Kedong two
sets of profile samples from three pits were analysed
for their available water holding capacity. Field
capacity measurements were made after the profiles had
been wetted and thereafter drained for two days; ten-
sion plates were employed in determining the water
content of the soil at 15 atmospheres tension. In the
wetting process, open ended halved 44 gallon drums were
embedded so that the lower surface was some 10 cm be-
low ground level. The drums were twice filled with
water giving a total of 100 cm of water. It proved,
however, impossible to saturate the soil to a depth
greater than 2 m due to soil compaction layers causing
the water to spread outwards rather than downwards.
This is reflected in the absence of measurements for
Kedong soil depths greater than 195 cm (Table 2).



These measurements indicated that the Kedong
soil could hold as much as 354 mm of available water
between the soil surface and 195 cm depth.

Chemical analysis of the soils, based on com-
posite samples from four soil cores, are presented in
Table 3. In general, the Kikuyu Red Loam had a higher
nutritive status than the volcanic ash and sandy soil
at Kedong. The soil at Kedong had a slightly higher
pH than the soil at Muguga, especially in the deeper
layer.

Although Kedong had a higher mean annual air tem-
perature , the Penman estimate of potential evaporation
(Penman 1948) was about the same for both locations.
The main differences between the sites, therefore,
were in rainfall and soils. It would have been de-
sirable to carry out the study under conditions where
potential evaporation differences were larger. The
plots, however, had to be within a reasonable distance
from Muguga because the work had to be carried out
with the labour in the Plant Physiology Division.
Also, at Kedong the experimental plots were relatively
safe from wildlife intrusion, because the ranch and
the plots themselves were fenced in, meteorological
data were collected and water was available within
a short distance.



Depth
in
cm

0- 20
20- 40
40- 60
60-100

100-140
140-180
180-220

220-260

+The Walkley-Black method -
X 1.33

Mug.

0.43
0.32
0.20
0.13
0.10
0.08
0.06

0.07

Ked.

0.15

0.10
0.07

0.02
0.01

0.02

are uncorrected,

The Ammonium lactate -

%

Org .C+

Mug.

3.37
2.39
1.41
0.74
0.46
0.31
0.23

0.18

Ked.

1.54
1.52
0.65
0.10
0.08

0.11

Chemical

1:2.5M/100

P|_|

<JaCl2

Mug.

5.1

5.1
4.9

5.9
5.9
5.8
5.8

5.1

= organic

Ked.

5.1
5.4
5.5
5.9
6.1

7.1

_C’

P

analysis of soils

Mg per 100 gm air dry soil ®

Mug. Ked.

0.50

0.12
0.10
0.06
0.06
0.06
0.06

0.06

0.30

0.25
0.30
1.00
0.60

0.35

Walkley and Black (1934).

Mug.

69
67
65
75
88
88
98

120

K

Ked.

42
43
42
44
7

133

Ca
Mug. Ked.
302 176
243 155
191 145
219 77
176 103
150 118
134
113

Organic C values

= organic matter (approx.)

Acetic Acid Method by Egner et al.

(1960).

Mug. Ked.
36 21
38 15
39 13
53 5
53 2
48 4
44

35
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CHAPTER 111

MATERIALS AND METHODS

3.1 General Information on the

Grass Species

Seed stock was obtained from the National Re-
search Station, Kitale, and a brief description of the
grasses including their distribution and Kenya Depart-
ment of Agriculture seed introduction numbers (Bogdan
1965) is given below (K = Kitale, P = Katumani Station,
Kenya).

Cenchrus ciliaris L. (African foxtail, Rhodesian
foxtail, buffel grass) is distributed throughout the
hotter and drier parts of India, the Mediterranean re-
gion, tropical and South Africa and has been intro-
duced into Australia and the Americas (Bor 1960). It
is one of the most important hay grasses in India
(Whyte et al. 1959). In East Africa, this rhizomate-
ous perennial is widespread from sea level to approxi-
mately 2,000 m (Napper 1965), but it is not commonly
found at Muguga or Kedong. C. ciliaris germinates
readily from seed, providing the mature seed has been
stored for 12-18 months following harvest (BrzostowskKi
and Owen 1966). Numerous varieties have been selected,
some of the better known being biloela, Edwards tall,
gayndah, kongwa, mbalambala, molopo, mpwapwa and nun-
bank. Although there is no complete comparison of these
varieties, biloela, molopo and nunbank have given good
results in North Tanzania (Naveh and Anderson 1967)
while biloela, kongwa and mbalambala are recommended
in reseeding work for the drier areas of Kenya (Bogdan
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and Pratt 1967). The biloela (P.57123 and the mbal-
ambala (K .59203) varieties were used in the present

study.

Chloris gayana Kunth (Rhodes grass, grama Rhodes)
is a stoloniferous perennial which is found in grass-
land and open woodland on a wide range of soils through-
out East Africa from sea level to approximately 2*+00 m
(Napper 1965). The grass is widely distributed from
Senegal eastwards to the Sudan and South including
South Africa (Bor 1960). It has been introduced into
North and South America, Australia, North Africa, the
Philippines and India and is regarded as one of the
best species for rotation grasslands (Whyte et al. (1959).
Seed germination is very good and many varieties are
obtainable commercially in East Africa. In northern
Tanzania, chepararia (Naveh and Anderson 1966) and
kongwa (naveh and Anderson 1967) varieties have given
good results. Others described by Bogdan (1965) in-
clude katambora, masaba, mbarara, mpwapwa, nzoia and
rongai. According to Bogdan, the mbarara (K.53166)
variety included here has medium herbage quality, forms
a dense sward and is very persistent. C.gayana is commonly
found at kedong where it occasionally forms pure stands.

Eragrostis superba Peyr. (Wilman lovegrass, Masai
lovegrass) is distributed throughout tropical (Bor 1960),
South and South-West Africa (Chippindall et al. 1955),
and has been introduced into India (Bor 1960). It is
a densely tufted perennial which is mainly found in
open thicket and grassland on poor sandy soils in East
Africa from sea level to approximately 2,000 m (Napper
1965). So far, no varieties have been described for
East Africa. Under moderate dry conditions, it is re-
garded as a safe grass for reseeding used in mixtures
with C. ciliaris (Bogdan and Pratt 1967). E. superba
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has good seeding qualities and is easy to establish
from seed (Edwards and Bogdan 1951). The grass is
not found at either of the experimental sites. Its
seed introduction number was K.6023.

Panicum maximum Jack. (true guinea grass) iS Wi-
dely distributed in tropical Africa (Bor 1960), South
Africa except for the greater part of western Cape,
and in several districts of South-West Africa (Chipp-
indall et al. 1955). It is believed to have been in-
troduced into India,but was collected there before year
1800 (Bor 1960). P.maximum is a tufted perennial oc-
curring in grassland and open woodland throughout East
Africa from sea level to 2,400 m (Napper 1965). Ger-
mination from seed is easy and Bogdan and Pratt (1967)
recommend the makueni and trichoglume varieties as
suitable for reseeding work in Kenya, the latter being
the least drought resistant. Numerous varieties have
been described by Bogdan (1965) and trials in Northern
Tanzania including likoni, makueni, sabi, teso, tri-
choglume and ulachloa indicated that likoni was good,
especially when grown in mixture with legumes (Naveh
and Ar.derson 1967). The makueni (K.6462) variety was
included in the present work.

Themeda triandra Forsk. (red oat grass), distri-
buted widely in all warm and tropical regions of the
old World (Bor 1960), is a tufted perennial which is
common in grassland and open woodland throughout East
Africa between altitudes of approximately 450 and 2,000
(Napper 1965). This grass is found on a variety of
soils (Heady 1966) and is the most abundantly occurring
grass in the Kedong area where it forms pure stands;
it is occasionally found at Muguga.

T.triandra is probably the most widely distributed
and important grass of East Africa and appears to be
specially adapted to survive fires (Edwards and Bogdan
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1951). In South Africa, it is regarded as a climax
species, but due to mismanagement it has been reduced
and even eliminated in some regions (Chippindall et
al. 1955). The grass is difficult to germinate from
seed and in this work, germination was less than one
per cent. Its seed introduction number was K.53302.



15

3.2 Outline of Studies, | and 11

This thesis comprises the results from two related
investigations. Wherever possible, the same methods
were used in both studies. The investigations were:

Study 1. Intensive studies on C.ciliaris var. bil-
oela, C.gayana and P.maximum grown in experimental plots
at Muguga, April 1968 to March 1969.

Study 1I1. Extensive studies on the above mentioned
grasses and C.ciliaris var. mbalambala, E.superba and
T.triandra grown in experimental plots at Muguga and
Kedong, April 1967 to July 1968.

3.3 Methods Common to Both Studies
3.3.1 Seeding and method of planting

To eliminate possible effects of poor germination,
the grass seeds were treated with mercuric chloride,
seeded and grown in pots in the open, and later planted
out at the beginning of long rains. In the plots, to en-
sure freedom from inter- and intra-specific competition
both above and below ground, the spacing between indi-
viduals was 2.5 m. In addition, close planted (40 x
40 cm) plots were established at Muguga in 1967.

3.3.2 Root sampling

Various means of root sampling, such as pinboard,
a soil-root sampler and the jet-wash method were tried
out (Taerum and Gwynne 1969). The main objection to
the pinboard was that it sampled only a small part
of the root system. In Kikuyu Red Loam, for example,
where roots from one grass may have a lateral spread
of 2 mand growth to 6 m depth, it would be impossible
to give even an approximate estimate of total root
weights from pinboard sampling. The soil-root sampler,
designed to sample equal volumes of soil from a vertical
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trench wall, yielded poor results when single plants
were sampled. For assessing root biomass under swards,
where the root distribution was more uniform, the soil-
root sampler technique enables a root distribution
pattern to be built up very quickly, where the soil is
relatively loose.

Although time consuming, the jet-wash method was
found to be the most satisfactory for the present study.
It entailed removing the entire root system from the
soil in such a way that dry weights, etc. could be det-
ermined on a soil layer basis while at the same time
enabling a drawing of the root profile to be obtained.

Essentially the plant was washed out of the soil
using a fine jet of water from a 1 mm diameter nozzle.
The water was gravity fed from a mobile 1000 1 water
tank giving a drop to ground level of 50 cm, thus ens-
uring a steady water flow.

The surface soil was first washed away from the
base of the plant until a major root was encountered.
This root was followed out radially until its growing
tip was exposed or until it turned sharply downwards.
A small drainage pit and connecting channel were then
dug well beyond the root end, after which the radial
root channel was gradually enlarged laterally by
washing, exposing new roots.

The initial washing resulted in a radial trench
with an arc of about 10° (Fig.la) which gave an indic-
ation of the extent of the limit of the observed root
direction. Well beyond the limit of the observed root
spread a short deep trench was sunk tangential to the
radial one, and the two were connected (Fig.lb). Washing
then proceeded along the sides of the radial trench
gradually enlarging it in width and in depth (Fig.lc).
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« f

Fig. 1 Vertical plan diagram showing the stages
of excavating using the jet-wash method. See text
for details.
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3.3.3 Shoot sampling

Measurements of the shoots taken in the field
were:

a) Tuft spread (diameter of leaf mass)

b) Tuft height (height of leaf table)
c) Record of flower and seed development

When approximately half of the root system of one
grass had been removed, its shoots were cut at ground
level, sorted into inflorescences, leaf blades and
stems, dried at 75°C and weighed. Additional stem ma-
terial left in the soil below ground level after the
initial stem cut were separated out and added to the
stem portion at the completion of the root excavation;
rhizomes were similarly separated out at this stage.

Because the rhizomes were mainly located below
the soil surface, they had no grazing value and were,
therefore, excluded when comparisons were made between
shoot yields. When examining shoot/root ratios, how-
ever, the dry weights of rhizomes were included in the
shoot fraction because they are part of the stems,
active in transpiration. Dead leaves, not being phys-
iologically active in any way, were excluded from all
comparisons.

3.4 Methods Employed in Study |
3.4.1 Planting date and sampling frequency

The four weeks old potted seedlings of the three
grasses were planted into the experimental plots on
April 1, 1968, during the long rains. Throughout the
growth period, April 1968 to March 1969, the grasses
were sampled nine times; three individuals of each
species were examined each time. The interval between
each sampling was 2\ weeks from April to May (two sam-
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plings), 5 weeks from May to September (four samplings)
and |\ weeks from September to March (three samplings).

3.4.2 Leaf weight index

The leaf weight index (LW: leaf dry weight per
unit area of ground) was determined in samples taken
from April to September. For these determinations the
ground area was calculated from tuft spread measurements.

3.4.3 Leaf area index

The leaf area index (LA: leaf area per unit area
of ground) was calculated in samples taken between April
and August. The leaf area was estimated from linear
measurements using the equation area = 0.905 (LB),
where L was length of leaf blade and B leaf width mea-
sured at a point halfway along the length of the leaf
(Kemp 1960). In early stages of growth, all leaves
were measured. When individual sample numbered several
thousand leaves, shoots were divided into three parts
and the average leaf area determined in one part; this
value was used for the estimation of total area. In
trials, where the average area was determined in each
of the three parts, it was found that the error by us-
ing either one was less than 10 per cent.

3.4.4 Specific weight of leaves

The specific weighs of leaves (Lg: weight per unit
area of leaf) was calculated from leaf dry weight and
area measurements in samples taken between April and
November.

3.4.5 Defoliation treatment

An additional plot of P.maximum was established
to study the effects of defoliation. Most of the leaves
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and some stem material were removed on all plants on
five successive occasions at approximately 5-week in-
tervals from April 25 to September 9. When shoot yi-
elds of defoliated plants were compared with those of
non-defoliated plants, the mean weight of defoliated
material was added to the weight of defoliated plants.

3.4.6 Root volume measurements

After the roots had been washed free of soil, they
were shaken lightly to remove excess water and left to
dry on an inclined tray for approximately 15 minutes.
The damp roots were thereafter lowered into a graduated
cylinder filled with a known volume of water to which
a liquid soap had been added to reduce surface tension
effects. Additionally, a pump, exerting a vacuum of
500 mm Hg was employed before and after the addition
of the roots until the ascent of larger air bubbles
ceased. The volume of roots was then recorded as the
difference between the levels of water in the cylinder.
The specific weight of roots was calculated on the
basis of root volumes and root dry weights.

3.4.7 Method of indicating significanes in data tables.

In the tables showing statistical analyses, dif-
ferences are shown by the use of letters; means not
followed by the same letter are significantly differ-
ent at a given level. Using Table 4 as an example,
the first letter behind each mean of each species re-
fers to comparisons made between species at the same
date or between their growth period means. The second
letter in brackets refers to comparisons made verti-
cally. On April 18, none of the species differed:
the mean of each species was followed by the same let-
ter. The growth period means, however, differed and
P.maximum had a lower mean than any of the other species.
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The result of comparisons made between dates (verti-
cally) for each individual species or for all species
combined are given in brackets. For example, the yi-
elds in C.ciliaris increased significantly from one

sampling to the next between April 18 and August 19.
From August 19 to September 24, yields did not differ

although they did differ between July 14 and September
24.

3.5 Methods Employed in Study 11
3.5.1 Planting date and sampling frequency

The potted seedlings of the six grasses were plan-
ted into the experimental plots at Muguga and Kedong
at 7 weeks of age at the beginning of the long rains
April 15, 1967. The first sampling was carried out
in May followed by four samplings at about 10-week in-
tervals up to February 1968 and finally the sixth sam-
pling after renewed growth (May-July) following the Feb-
ruary to May seasonal rains.

At the two first samplings two individuals of each
grass species, except in T.triandra, were examined; sub-
sequently only one and occasionally two were sampled due
to the length of time needed to complete each one. Lack
of replication at the later stages of growth was unfor-
tunate, but increased sampling time and shortage of
labour made it impossible to collect more than one plant.

When comparing yields of the same species at Mu-
guga and Kedong, there was always a considerable time-
lag between samplings due to limited labour and labor-
atory facilities. Muguga samplings were always carried
out prior to Kedong; the difference in time varied
from a few days at the early stages of growth to three
weeks at the February 1968 sampling. The data collected
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at the May-July sampling were not included in the
statistical analyses.

3.5.2 Gypsum resistance blocks

The use of uncalibrated gypsum resistance blocks
to obtain an indication of the exhaustion of available
soil moisture and the attainment of wilting point be-
neath plants in the field has given useful results
under East African conditions (Pereira et al. 1958).
The blocks are insensitive to low soil moisture tensions
under wet conditions, but they have a theshold value of
approximately one atmosphere for their initial change.
Such changes of resistance, therefore, indicate soil
drying by evaporation only, with reliable assurance
that downward drainage has ceased. The soil water ex-
traction pattern is, therefore, obtained by plotting
the log-resistance of the gypsum blocks placed beneath
the plants, thus showing the times at which the soil
moisture tension reached the approximate measurable
limits of one and fifteen atmospheres, the range be-
tween which half of the available soil moisture has
been extracted from the soil, and wilting point.

Although it is possible to calibrate the resis-
tance blocks so that the actual water content could
be inferred from resistance readings, this procedure
was considered unnecessary for the following reasons'l:
1) The blocks cannot be recalibrated after installa-
tion, 2) Although the blocks have a similar ohmic re-
sistance at the wet and the dry ends, their response
to changing moisture content may be different, thus
making it necessary to use different calibrations.

3) Response time for these blocks is so long that at
best they indicate the average situation over a few
days. It would therefore be risky to try and work out
rates of water movement from such records.

1Wangati, F.J., Physics and Chemistry Division,
E.A.A.F.R.O., personal communication.



In both series of experimental plots at Muguga
and Kedong gypsum blocks were placed within a 20 cm
radius circle around each of two individuals of each
grass species at depths ranging fra 30 to 480 cm.
Similar blocks were beneath two plots of bare ground
at each site and at Muguga beneath swards of each
grass species. From graphs of readings taken weekly
from May 1967 to May 1969 an indication was obtained
as to the availability of soil moisture and the depth
during the dry seasons from which the roots were extrac-
ting their soil moisture. Where more than one set of
blocks were used (around single plants and beneath
bare ground) mean readings were calculated. Data for
species showing extreme water use patterns have been
graphed and are given in the results; other water use
data can be found elsewhere (Taerum 1969).

3.5.3 Nodal root diameter

The diameter of the nodal root, all adventitious,
crown and secondary but not seminal roots (Troughton
1957), were measured with a micrometer approximately
three months after planting; the measurements being
taken in each of the four uppermost soil layers imme-
diately after the roots had been excavated.

3.5.4 Swards versus single plants

To determine the relationship of shoot/root ratios
in spaced plants to those in swards, a simple experiment
was carried out in 28 month old single plant and sward
plots of Pmmaximum and C.ciliaris var.mbalambala.
Shoots of plants in these plots were cut at ground le-
vel in April 1969 and the sward plots were divided in-
to 120 x 120 cm squares. Four months later, three sin-
gle plants and three random squares of both species
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were sampled and shoot/root ratios determined. The
spaced plants were sampled in the usual manner; in
the swards, the total shoot dry matter within each squ-
are was compared with the roots excavated from a 120 x
120 x 300 cm deep soil block. The root yields in the

swards were also used in calculating root production
per unit area.
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CHAPTER 1V

STATISTICAL ANALYSIS OF DATA

4.1 Assumptions

For the records on the trial carried out at
Muguga and Kedong, 1967 to 1968, two samples were ta-
ken for each of five species at two sites and two ti-
mes. Thus, there was formally a 5 x 2 x 2 design with
two replicates. Additional samples, one or two in num-
ber, were available for a further species and additio-
nal times, but it was not possible to add these to the
analysis while retaining the orthogonality. Since an-
alysis of variance was the only appropriate method of
getting results from the data, such an analysis was
performed on the orthogonal 5 x 2 x 2 array, treating
it as a completely randomized design with two repli-
cates. It was assumed that the variability in this
array was a true representation on the total variabi-
lity in the records; thus the standard error obtained
from the orthogonal analysis of variance was used to
enable conclusions to be drawn from the whole set of
data. This assumption was sufficient for the analyses
on ratios, which did not vary greatly over the trial
period. In order to validate analyses of variance on
weight these were assumed to be increasing approxima-
tely exponentially: thus, weight data were trans-
formed to logarithmic values before analysis. This
transformation had the desired effect of more nearly
equalizing the variation between samples for the dif-
ferent treatments.

4.2 Methods

For any of the analyses, on untransformed ratios
or transformed weights, the procedure was as follows.
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The 5 x 2 x 2 design with two replicates was treated
as a completely randomized arrangement, and all the
effects were compared with the residual error by means
of F-tests. That is to say, there were three main ef-
fects, sites and times with one degree of freedom each
and species with four; there were also the three pos-
sible two-factor interactions and the one, not very
important, three factor interaction, leaving 20 de-
grees of freedom for error (/“npendix). Since it was
desirable to draw general conclusions from the whole
body of data the subsequent procedure was not deter-
mined by the significance of the F-tests, which is the
most usual way of concluding analysis of variance. In-
stead, certain predetermined differences, such as a
comparison between two particular species at one site
or a general comparison of ages, were examined speci-
ally. For this purpose many different least signifi-
cances had to be calculated, because of the unequal
replication. These were all derived from the residual
variance of the orthogonal anlysis, and applied to means
of the data obtained in the appropriate way: if the
data for analysis of variance were transformed to loga-
rithmic values, so were the data for which the means
were found. As most of the comparisons tended to in-
volve only a small number of means the least signifi-
cant difference method was used throughout (Fis her
1935): multiple range tests (Duncan 1955) might well
be appropriate, especially to comparisons of species,
but would be difficult to use on account of the un-
equal replication. As always, the results from the
statistical analyses carried out on the data need to be
interpreted in the light of the full knowledge of the
experiment and its background.

As mentioned above, several values for least signi-
ficant differences were obtained within each group of
analyses. Since, however, the differences between the
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values within each group were small and the effects
on the result by using either one were negligible, only
the highest value obtained within each group was used.

In the 1968-1969 work at Muguga,- comprising three
grass species, the method described above was employed.
In most of the analyses, however, the assumption made
above regarding variability was not necessary because
replication was similar throughout the experiment.
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CHAPTER V
EXPERIMENTAL RESULTS

5.1 General Development of the Grasses

In these experiments, seed formation in all spe-
cies reached a peak approximately 10 months from plan-
ting, coinciding with the dry period following the short
rains in November-December. Some seeds were shed be-
fore and during the short rains, but large numbers of
flowers were still being f<mned. On the basis of seed
formation and shedding, it wao concluded that the gras-
ses, during their establlishment year, had matured in
February. Growth, however, continued throughout this
period. Although the dry weight of the dead leaves
in some samples exceeded that of green leaves, the dry
weight of green leaves and the shoot as a whole incre-
ased. The dead leaves were mainly collected from un-
derneath tufts. Observations in plants more than one
year old revealed a different growth cycle, in which
a complete shedding of seeds occurred before the short
rains and again before the long rains.

Visual examination of the roots, even at the
May-July 1968 sampling, did not reveal dead root mat-
ter. Any increase in root dry matter content, therefore,
most likely represented the true expansion of the live
root system, active in water and nutrient uptake.

A great volume of growth data was collected
throughout the experimental periods : only the major
findings are included in this chapter. Complete re-
cords of growth data are reported by Taerum (1969).
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5.2 Results - Study I

The results of Study |, comprising three grass
species grown in experimental plots at Muguga are giv-
en below. The term "Growth period mean" used below
refers to the mean of all samplings made throughout
the growth period, April 1968 to March 1969. For com-
parison purposes, the rainfall data on a 10-day basis
are shown in Fig.2.

5.2.1 Root yields

A summary of the root yield analysis (P<0.001)
is shown in Table <t the dry weight data are presen-
ted in Fig.3.

Higher mean dry weight values for the growth pe-
riod were obtained in C.ciliaris var.biloela and C.gay-
ana than in P.maximum, although these differences could
not always be established on a sampling date basis, ex-
cept between C.ciliaris var.biloela and P.maximum during
the later half of the growth period.

In C.ciliaris var. biloela, root yields increased
significantly between successive samplings from April
to August; in C. gayana and P,maximum from April to
July. Subsequently, yield increments decreased, al-
though C.gayana and P,maximum again showed high yield
increases from November to January. The combined sam-
pling means, however, indicated increased yields from
April to January.
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TABLE 4

Muguga 1968-19609: Mean log dry weight of roots (gm)

Sampling X

dates and Means

weeks from Cenchrus Chloris Panicum

previous ciliaris, gayana maximum Combined
sampling biloela

Apr.18 -0.51a (a) -0.41a a) -0.64a (a) -0.52(a)
May 6,2* 0.06a (b) 0.43b XD) 0.36b (b) 0.29(b)
Jun.12,5 1.38a (c) 1.35a (c) 1.29a (c) 1.34(c)
Jul.14,5 1.69a (d) 1.81a (d) 1,67a (d) 1.73(d)
Aug.19,5 2.16a (e) 2.06a (de) 1.87a(de) 2.03(e)
Sep.24,5 2.41a(ef) 2.30ab(ef) 2.01b(ef) 2.24(f)

Nov.15,75 2,6 5a(fg) 2.37ab (f) 2.28b (f) 2.43(9)
Jan. 6,7" 2,94a(gh) 2.7 3ab (9) 2.61b <q) 2.76(h)
Mar. 1,Vi 3.15 (h) 2.70b (9) 2.64b (g) 2,83(h)
Growth

period 1.77a 1.70a 1.57b
meansx

XLSD between species at same date

0.296(P<0.001)
0.099(P<0.001)
0.29 6 (P~0.001)
0.171(P<0.001)

LSD between growth period means

LSD between dates each species

LSD between dates all species combined
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5.2.2 Leaf yields

Leaf yield analyses (Table 5) indicate that
P.maximum had a higher growth period mean than C.gay-
ana; the mean of the latter species was higher than
that of C.ciliaris var.biloela (P<0.001). The dif-
ference between C.gayana and C.ciliaris var.biloela
could not always be established on a sampling date basis
(P<0.01), and at the March sampling values for all spe-
cies were the same due to the relatively large increase
in yield of C.ciliaris var.biloela during the last
sampling interval (Fig.4).

The general growth trend of the grasses as expres-
sed in their combined sampling means indicate that leaf
yields increased successively from April to September
and again from January to March (PcO.001).

Dry weight of the dead leaves, which was not
included in leaf yields, increased from July onwards.
At the last sampling, the dry weight of the dead lea-
ves as per cent of green leaves varied between 46 and
71 per cent.

5.2.3 Shoot yields

In C.ciliaris var.biloela, dry weight of rhi-
zomes was excluded from the shoot fraction because they
were mainly located below the soil surface. Rhizome
dry weight from July 1968 to March 1969 constituted
an average of 19.8 (max. 25.4) per cent of the total
shoot and rhizome dry weights.

In the analysis of shoot yields (P<0.001) the fol-
lowing differences were obtained (Table 6). C.gayana
and P.maximum gave higher growth period means than
C.ciliaris var.biloela. On a sampling date basis, there
were no significant differences at the March sampling.



Muguga 1968-1969;

Sampling
dates and
weeks from
previous
sampling

Apr.18
May 6,25
Jun.12,5
Jul.14,5
Aug.19,5
Sep.24,5
Nov.15,75
Jan. 6,71

Mar. |,7i

Growth
period
meansx

XLSD between
LSD between
LSD between
LSD between
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TABLE 5
Mean log dry weight of leaves (gm)
Meansx

Cenchrus Chloris Panicum
ciliaris, gayana maximum Combined
biloela
-0.31a (a) -0.22a (a) -0.27a (a) -0.27 (a)
0.25a (b) 0.56b (b) 0.83c (b) 0.55 (b)
1.56a (c) 1.63ab (c) 1.81b (c) 1.67 (c)
1.82a Cd) 2.02ab (d) 2.22b (d) 2.02 (d)
2.15a (e) 2.27ab (e) 2.38b (d) 2.27 (e)
2.28a(ef) 2.50b (fg) 2.61b (e) 2.47 (f)
2.44a (f) 2.54a <q) 2.76b(ef) 2.58(fg)
2.53a (f) 2,65ab(gh) 2.81b(ef) 2.66 (g)
2.77a (g) 2.84a (h) 2.89a (f) 2.84 (h)
1.72a 1.87b 2.00c

species at same date

growth period means

dates each species

dates all

species combined

0.218(P<0.01)
0.096(P<0.001)
0.218(P<0.01)
0.165(P<0.001)
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TABLE 6
Muguga 1968-1969; Mean log dry weight of shoots (gm)
. X
Sampling Means
dates and
weeks from  Cenchrus Chloris Panicum
previous ciliarTs, gayana maximum  Combined
sampling biloela
Apr. 18 -0.03a (a) 0.07a (a) -0.01a (a) 0.01(a)
May 6,2s 0.59a (b) 1.00b (b) 1.14b (b) 0.91(b)
Jun.12,5 1.98a (c¢) 2.11a (c) 2.18a (c) 2.09(c)
Jul. 1*4,5 2.23a (c) 2.60b (d) 2.62b (d) 2.48(d)
Aug.19,5 2.60a (d) 2.88b (e) 2.84b (d) 2.77(e)
Sep.2*4,5 2.87a (e) 3.21b (f) 3.16b (e) 3.08(f)
Nov.15,72 3.05a(ed) 3.25ab(f) 3.43b (f) 3.24(9)
Jan. 6,77 3.26a(df) 3,4lab(fg) 3.53b (f) 3.40(h)
Mar. |,7i 3.43a (f) 3.58a (g> 3,68a (f) 3.56(i)
Growth
period 2.22a 2.46b 2.51b
means*
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LSD between
LSD between
LSD between
LSD between

species at same date 0.270(P<0.001)
0 .090 (P<0.001)
0.270(P<0.001)

0.155(P<0.001)

growth period means

dates each species

dates all species combined
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The combined sampling means suggest that the
growth rate from June to September was about one fifth
of that from April to June; from September to March
it decreased further to about one third of the latter.

Shoot yield data are given in Fig. 5.

5.2.4 Root and shoot yields, defoliated plants

Mean yields of roots and shoot in defoliated
P.maximum plants (Figs. 3 and 5) were compared with
those of non-defoliated plants (Tables 7 and 8). Non-
defoliated plants had a higher mean root yield and high-
ly significant differences (P<0.001) occurred at all
samplings except the last where the means differed at
the 1 per cent level only. Similar differences were
obtained for shoot yields.

5.2.5 Leaf/root ratio

The analysis of leaf/root ratios (Table 9) indi-
cate that P.maximum had a higher and C.ciliaris var.
biloela a lower growth period mean than C.gayana
(P<0.001). The ratio in C.ciliaris var.biloela dif-
fered from that in P.maximum at each sampling date,
while there was no difference in values between C.cili-
aris var.biloela and C.gayana before August (P<0.01).
A steady decreasing trend was observed in C.ciliaris
var.biloela (Fig.6). In C.gayana, the ratio in Janu-
ary was lower than most previous ones and in P,maximum
it increased from April to September and then decreased
until January (P<0.01). C.ciliaris var.biloela showed
a high ratio in April, C.gayana in June and P.maximum
in September, although none of these were significant
higher ratios.
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TABLE 7

Muguga 1968-1969: Mean log dry

weight of roots (gm)

Meansx

Date

Panicum maximum Panicum maximum

non-defoliated defoliated
May 6 0,36a -0.24b
Jun. 12 1.29a 0.69b
Jul. m 1.67a 0.95b
Aug. 19 1.87a 1.06b
Sep. 24 2.0l1la 1.37b
Nov. 15 2.28a 1.79b
Jan. 6 2.61la 2.20Db
Mar. 1 2.64a 2.47a
Growth
period 1.84a 1.29b
meansx

XLSD between treatments at same date
LSD between growth period means
LSD (between periods at same date

0.260(P<0.001)
0.092(P<0.001)
0.196(P<0.01 )
see text)
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TABLE 8

Muguga 1968-1969: Mean log dry

weight of shoots (gm)

MeansX

Date

Panicum maximum Panicum maximum

non-defoliated defoliatedxx
Hay 6 1.14a 0.42Db
Jun. 12 2.18a 1.38b
Jul. 14 2.62a 1.78b
Aug. 19 2.84a 2.09b
Sep. 24 3.16a 2.44Db
Nov. 15 3.43a 2.63b
Jan. 6 3.53a 3.03b
Mar. 1 3,68a 3.39b
Growth
period 2.82a 2.14b
meansx

XLSD between treatments at same date = 0.203(P<0.001)
LSD between growth period means = 0.077(P<0.001)

XXPrevioust defoliated matter added



Date
Apr. 18
May 6
Jun. 12
Jul. 14
Aug. 19
Sep. 24
Nov. 15
Jan. 6
Mar. 1
Growth
period
meansx

XLSD between species at same date
LSD between growth period means
LSD between dates each species

Muguga 1968-1969:

TABLE 9

Cenchrus

ciliaris,
biloelaX

1.59a (c¢)
1.57a (c)
1.56a (c)
1.37a (be)
0.98a(abc)
0.76a (ab)
0.62a (a)
0.39a (a)

0.42a (a)

1.03a

Mean

X
Means

Chloris
gayana

1.60a (b)

[EnN

.36a(ab)
1.95a (b)
1.63a (b)
1.66b (b)
1.64b (b)
1.51b(ab)
0.85a (a)

1.43b(ab)

1.52b

leaf/root ratios

Panicum
maximum

N

.35b(bc)

N

.91b(cd)
3.29b (d)

w

.51b(de)

w

.33c(de)

4.00c (e)

w

.02c(cd)

=

.57b (a)

=

.80b(ab)

2.86¢

0.672(P<0.01)
0.292(P<0.001)
0.672(P<0.01)
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5.2.6 Shoot/root ratio

The analysis of mean shoot/root ratios, with
rhizome weight for C.ciliaris var.biloela included in
the shoot fraction, is given in Table 10; results trends
are indicated in Fig. 6.

P.maximum had a higher growth period mean and
C.ciliaris var.biloela a lower growth period mean than
C.gayana (P<0.001). On a sampling date basis, C.cil-
iaris var.biloela differed from P.maximum at each date
except the first; the difference between C.ciliaris
var.biloela and C.gayana and between C.gayana and
P.maximum becoming more pronounced later in the growth
period (P<0.01).

The shoot/root ratio of C.ciliaris var.biloela
did not alter significantly throughout the growth period.
In C.gayana and particularly in P.maximum, the ratios
increased initially, decreased to values similar to
those recorded at the beginning of the experiment, and
finally again increased (P<0.01). High ratios were
obtained for C.ciliaris var.biloela in July, for
C.gayana in September and for P.maximum in November.

5.2.7 Leaf/stem ratio

The leaf/stem ratio analysis (Table 11) shows that
C.ciliaris var.biloela and P.maximum had higher growth
period means than C.gayana (P<0.0001) and that these
differences were due to differences obtained during
the first half of the growth period (P<0.01). In all
grasses, the ratio fell rapidly during early stages of
growth and subsequently more slowly (Fig.7).

5.2.8 Leaf weight index

. 2
A higher overall leaf weight index (mg leaf wt./cm
ground area) mean was obtained for P.maximum than



Date
Apr. 18
May 6
Jun. 12
Jul. 14
Aug. 19
Sep. 24
Nov. 1,%
Jan. 6
Mar. 1
Growth
period
meansx

XLSD between species at same date
LSD between growth period means
LSD between dates each species

Muguga 1968-1969;
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TABLE 10

Cenchrus
ciliaris,
biloela
2,99a(a)
3,43a(a)
4 .30a(a)
4.,41a(a)
3.77a(a)
3.60a(a)
3,43a(a)
2.81la(a)

2.54a(a)

3.48a

Mean shoot/root

MeansX

Chloris
gayana

3.14a (a)
3.74ab (ab)

5.9 2ab(bed)

6.16a (cd)
6.98b (cd)
8.30b (d)
7.91b (d)
4.77a (abc)
7.72b (d)
6.07b

ratios

Panicum
maximum

4.

5.

7

14.

14.

10

26a (a)

99b(ab)

.66b(bc)
.80b(cd)

.18b(cd)

16¢c (e)

20c (e)

.33b(bc)
.94¢ (d)

.28¢C

2.389(P<0.01)
1.042(P<0.001)
2.389(P<0.01)



TABLE 11

Muguga 1968-1969:

Date
Apr. 18
May 6
Jun. 12
Jul. 14
Aug. 19
Sep. 24
Nov. 15
Jan. 6
Mar. 1
Growth
perio
meansl

Cenchrus

ciliaris,

biloela

1.14ab(a)

0.86b

(b)

0,65ab(c)

0.67b
0.58b
0.39a
0.34a
0.26a

0.30a

0.58b

(c)
(c)
(d)
(d)
(d)
(d)

Mean leaf/stem

Meansx

Chloris
gayana

1,06a (a)
0.61a (b)
0.52a(bc)
0.41a(cd)
0,40a(cd)
0.28a(de)
0.27a(de)
0.24a (e)

0.24a (e)

0.45a

XLSD between species at same date

LSD between growth period means

LSD between dates each species

ratios

Panicum
maximum

1.22b  (a)

0.94b (b)

0.78b (c)
.69Db(cd)
.54ab(d)
.37a (e)

0

0

0
0.29a(ef)
0.25a(ef)
0

.21la Cf)

0.59b

0.152(P<0.01)
0,066(P<0.001)
0.152(P<0.01)
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for C.ciliaris var.biloela and C.gayana (P<0.05, Table
12). C.ciliaris var.biloela and C.gayana showed no
difference, either at sampling dates, or overall.

In all species, the index increased from April to Sept-
ember (P<0.01) but the rate of increase was less for
later samplings. Although leaf weight index data were
calculated at samplings later than September, these
were not included because they showed abnormal changes,
most likely due to abrupt changes in tuft spread caused
by wind or rain (diameter of leaf mass) used in the
calculation of ground area. The calculation means,
April to September, are given in Table 13.

5.2.9 Specific weight of leaves

The analysis of specific weight of leaves (Tables
14 and 15) indicated that C.ciliaris var.biloela had
a higher overall mean than C.gayana, the mean for the
latter being higher than that for P.maximum (P<0.01).
The mean of all species combined increased from April
to July (P<0.05); later changes were not significant.

5.2.10 Leaf area index

During the period April to August, P,maximum
had a higher mean leaf area index than C.ciliaris
var.biloela (P<0,01), C.gayana being intermediate
between the two (Table 16). The differences between
C.gayana and either one of the other species was
significant at the 5 per cent level only.

5.2.11 Root distribution and rooting depth.

Between species, the mean dry weight distribution
of roots in relation to soil depth, expressed as per-
centage did not differ greatly (Table 17).



Date

Apr. 18
May 6
Jun. 12
Jul. 14
Aug. 19
Sep. 24
Overall
Meansx

XLSD between species at same date

TABLE 12

Muguga 1968:

Mean log leaf

weight index (mg/cm )

Cenchrus
ciliaris,
biloela

-0.30a (a)
-0.05a (a)
0.67a (b)
0.74a(be)
0.95a (c)

1.28a (d)

0.55a

LSD between overall

LSD between dates each species

MeansX

Chloris Panicum

gayana maximum

-0.28a (a) -0.28a (a)
0.00a (b) 0.17a (b)
0.58a (c) 0.68a (c)
0.93ab(de) 1.05b(de)
1.13ab(ef) 1.16b (e)
1.32a (f) 1.53 (e)
0.61la 0.72b

0.189(P<0.05)
0.077(P<0.05)
0.253(P<0.01)
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TABLE 13

Muguga 1968: Mean leaf weight

2
index (Ly, mg/cm ), specific weight of

2
leaves (L<, mg/cm ) and leaf area

index (LA, cm2/cm 2)

Cenchrus Chloris Panicum
ciliaris, aZaPa maximum
Date biloela g
St Ls la H/ Ls la LW LS la

Apr.18 0.52 2.67 0.19 0.53 2.30 0.24 0.54 1.95 0.25
May 6 0.91 3.51 0.25 1.02 2.72 0.36 1.52 2.27 0.59
Jun.12 4.84 3.20 2.06 4.01 3.52 1.56 4.85 2.89 1.54
Jul.14 5.70 5.89 1.08 8.55 5.34 1.79 11.68 3.22 2.23
IAug.19 9.25 5.45 2.19 13.35 4.76 2.63 14.54 3.67 4.10
Sep.24 18.92 21.23 35.21

Nov.15 5.86 6.06 4.21

Mean 6.69 4.43 1.15 8.12 4.12 1.32 11.39 3.04 1.74
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TABLE 14

Muguga 1968: Mean log specific weight of leaves

2
(mg/cm )» April to November

Species
Cenchrus Chloris Panicum
ciliaris» gayana maximum
biloela
Meansx 0.553a 0.492b 0.395c

XLSD = 0.055 (P<0.01)

TABLE 15

Muguga 1968: Mean log specific weight of leaves

2
(mg/cm )» all species combined

Date Meansx

Apr.18 0.358 ) (a)
) L.S.D. 0.040 )

May 6 0.422 ) ) (b)

)

Jun.12 0.504 ) ) L.S.D. 0.049(c)
) )

Jul.14 0.669 ) ) (d)
)y L.S.D. 0.080 )

Aug.19 0.660 ) (d)
)

Nov.15 0.725 ) (d)

XP< 0.05
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TABLE 15

Muguga 1968: Mean log leaf area—indexs April to August

Species
Cenchrus Chloris Panicum
ciliaris, gayana maximum
biloela
MeansX log
0.574a 0,685ab 0.792b
(ra X 10 )
XLSD = 0.151 (P<0.01)

LSD

0.110 (P<0.05, see text)
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TABLE 17

Muguga 1968-1969: Dry weight distribution of roots in
relation to soil depth. Each percentage value is the

mean of 9 samplings (X 3 plants)

Grass species

Soil
((jfrﬁ;[h Cenchrus _ _ _
ciliaris, Chloris Panicum maximum
biloela gayana non-defoliated jdefoliated
Mean % Mean % Mean %

0- 20 53.3 57.3 51.7 49.3
20- 40 15.1 15.8 16.3 18.0
40- 60 8.3 9.3 9.8 11.6
60- 80 6.4 5.3 5.8 7.5
80-100 4.4 4.0 4.5 5.2
100-120 3.6 2.6 3.5 4.1
120-140 2.6 2.0 2.6 2.4
140-160 2.1 1.4 2.0 1.1
160-180 1.5 1.0 1.4 0.6
180-200 1.2 0.8 1.0 0.2
200-220 0.6 0.4 0.8
220-240 0.3 0.1 0.5
240-260 0.2 0.1
260-280 0.1

280-300 trace
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Considerable changes however, occurred throughout the
growth period in the percentage of roots collected in
the 0-20 cm soil layer while fluctuations in the 20-

*0 cm soil layer were small (Fig.8). In all species,

a large percentage of the root systems was initially
collected from the surface layer, followed by a decre-
asing trend until August-September. At this stage the
percentages in the 0-20 cm soil layer began to in-
crease, reached high values in November through December
and then decreased again.

Maximum rooting depth in defoliated plants of
P.maximum was 200 as compared to 250 cm in non-defol-
iated plants.

The mean horizontal (diameter) spread of roots
(Table 18) was similar in Cmgayana and P. maximum
throughout the growth period. In C.ciliaris var.
biloela, spread was small initially, but greater than
that of other species, at later samplings. Horizon-
tal spread in defoliated P.maximum plants was less than
that of non-defoliated plants.

5.2.12 Roots as percentage of total plants

Figure 9 shows that the trends in root dry mat-
ter yield as a percentage of the total plant for any
one species were in general inversely correlated to
their shoot/root ratios (Fig.6).

5.2.13 Root volumes and specific weight of roots

Root volume increases (Table 19) throughout the
growth period were similar to those obtained for root
yields except for small deviations caused by changes
in the specific weight of roots. At the March samplings
the volume ratio between C.ciliaris var.biloela and
C.gayana was 1: 0.49 and between C.ciliaris var.biloela
and P.maximum 1: 0.35 while their dry weight ratios
were 1: 0.37 and 1: 0.36.
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TABLE 18

Muguga 1968-1969; Horizontal (diameter).spread

of roots (cm); mean of three plants

Grass species

Date
Cenchrus Chloris Panicum maximum
ciliaris, gayana non-defoliated defoliated
biloela
Apr.18 29 50 55
May 6 76 108 161 37
Jun.12 152 164 183 127
Jul.14 168 252 216 157
Aug.19 200 245 221 184
Sep.24 231 260 257 188
Nov.15 265 248 251 238
Jan. 6 315 236 271 230

Mar. 1 312 262 273 260
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During the dry period, June to September, the
mean specific weight of roots increased the most in
P.maximum and the least in C.ciliaris var.biloela.
Subsequently, the mean specific weight of roots re-
mained constant in C.gayana while it continued to in-
crease in C.ciliaris var.biloela and in particular in
P . maximum.

Specific root weights decreased with increasing
root depth in samples taken from June to September,
suggesting that roots at greater depths had a higher
moisture content. At later samplings, the trends were
irregular and higher specific weights were occasion-
ally recorded at depths well beyond the soil surface
layer.

5.3 Results - Study II

A summary of the dry weight data obtained at
Muguga and Kedong, 1967-1968, is given in Figs.10
and 11 (values less than 0.1 gm have been omitted).

5.3.1 Root yields

The root system of the grasses increased in dry
matter content until the plants reached maturity in
February 1968. During the period February to July,
however, root growth rates showed a marked decrease
in most species (Figs.10 and 11) suggesting that max-
imum root development coincided with the maturation of
the grasses.

The following differences (P<0.05) in mean root
dry matter yields were obtained (Fig.12) At Muguga,
E.superba grew less than all other species; C.gayana
yielded more than both T,triandra and C.ciliaris var.
mbalambala; and C.ciliaris var.biloela more than the
latter. At Kedong, E.superba grew less than all other
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Fig. 10 Dry weights of 1. Cenchrus ciliaris var.biloela, 2.Cenchrus ciliaris
var.mbalambala, 3. Chloris gayana, 4. Eragrostis superba, 5. Panicum maximum and

6. Themeda triandra planted at Muguga in April 1967 and sampled in: a) May, b) July,

c) September, d) November, 1967 and in e) February and f) June-July, 1968. Dry weights
less than 0.1 gm are not shown. Diagrammatic presentation of results has been
simplified by giving total weights below the line rather than above
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Fig. 11 Dry weights of: 1. Cenchrus ciliaris var.biloela, 2. Cenchrus ciliaris var.
mbalambala, 3. Chloris gayana, 4. Eragrostis superba, 5. Panicum maximum and 6. The-
meda triandra planted at Kedong in April 1967 and sampled in: a) May, b) July, c)
October, d) December, 1967 and in e) February and f) May, 1968. Dry weights less
than 0.1 gm are not shown. Diagrammatic presentation of results has been simpli-
fied by giving total plant weights below the line rather than above.
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LSD (P< 0.05)

+0 .263 +0.271 +0. 270
MUGUGA KEDONG MUGUGA KEDONG MUGUGA KEDONG

2.5

GRAMS

I'N

2.0

WEIGHT

15

DRY

LOG

1.0

LU

0.2 123456 123456 123456 123456 123456 123456

ROOT LEAF SHOOT

Fig. 12 Summary of dry weight analyses, 1967-1968:

1* ienchrus ciliaris var.biloela, 2. Cenchrus ciliaris
var.mbalambala, 3. Chloris gayana, 4. Eragrostis sup-
erba, 5. Panicum maximum and 6. Themeda triandra.
individual species means differ at the 5 per cent
level when one mean is not overlapped by the LSD of
another.
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species; otherwise no differences were obtained.
No significant differences were obtained between
Muguga and Kedong for any species.

5.3.2 Leaf and shoot yields

Excluding rhizomes the differences obtained
(P<0.05) in mean leaf and mean shoot dry matter yields
(Fig.12) are summarized: at Muguga P.maximum and C.
gayana yielded more than C.ciliaris var. mbalambala,
E.superba and T,triandra; C.ciliaris var.biloela had
a higher mean leaf yield than T.triandra and a higher
mean shoot yield than C.ciliaris var.mbalambala. At
Kedong E.superba yielded less than all other species
(except perhaps C.gayana in mean leaf yield); P.maxi-
mum had a higher mean leaf yield than C.ciliaris var.
biloela and C.gayana; and C.gayana, P.maximum and
T.triandra gave a higher mean shoot yield than C.cili-
aris var.biloela. Mean leaf and shoot yields were higher
in T.triandra under the Kedong conditions.

Shoot growth development is shown in Fig.13, where
means of combined Muguga and Kedong shoot yield data
are plotted. At the February 1968 sampling, the
mean dry weight of shoots in the two C.ciliaris vari-
eties had exceeded that of C,gayana,which had been
higher at the earlier samplings.

5.3.3 Leaf/root and shoot/root ratios

When determining shoot/root ratios, the dry
weights of rhizomes were included in the shoot fraction.
During the four last samplings, July 1967 to February
1968, the rhizomes constituted an average of 21 per
cent of the total shoot weight in C.ciliaris var.
biloela at Muguga and 30 per cent at Kedong. The

corresponding figures for C,ciliaris var. mbalambala
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WEIGHT

Fig. 13 Combined Muguga and Kedong:
weight of shoots.

Mean dry
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were 4 per cent and 8 per cent.

Each grass species showed very similar leaf/root
and shoot/root ratio trends under both experimental cond-
itions (Figs. 14 and 15). Striking differences (P<0.05)
were obtained between the mean ratios of the species
(Fig. 16, Table 20). Due consideration, however, must
be given to the extremely high leaf/root and shoot/root
ratios obtained in E.superba at Muguga in November for
although the above ground parts increased from Sep-
tember to November, root yields decreased (Fig.lo).

At Muguga, P.maximum and E.superba had higher ratios
than all other grasses and E.superba a higher shoot/
root ratio than P.maximum. C.gayana had a higher
shoot/root ratio than the two C.ciliaris varieties and
a higher leaf/root and shoot/root ratio than T.triandra.
At Kedong P.maximum had higher leaf/root and shoot/
root ratios than all other species. E.superba and
C.gayana had higher leaf/root and shoot/root ratios
than both C.ciliaris varieties and higher leaf/root
ratios than T.triandra; C.gayana had a higher shoot/
root ratio than E.superba and T.triandra. Higher leaf/
root and shoot/root ratios were obtained in P.maximum
at Kedong and in E.superba at Muguga; and higher shoot/
root ratios in C.gayana and T.triandra at Kedong.

With respect to the overall changes in leaf/root
and shoot/root ratios throughout the development of
the grasses from planting to maturation, the following
differences (FID.05) were found (Table 21). Both ra-
tios increased from July to December and then decreased;
the leaf/root ratio in February 1968 decreased to a
value less than that obtained in May and July 1967.
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leaf/root ratio trends.
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Mean shoot/root ratio trends.
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LSD (P< 0.0 5)

+=0.350 +0.979
MUGUGA KEDONG MUGUGA KEDONG
9 -

o

NCAN OA
N

123456 123456 123456 123456
LEAF/ROOT SHOOT/ROOT

Fig. 16 Summary of ratio analyses, 1967-1968:

1. Cenchrus ciliaris var.biloela, 2. Cenchrus ciliaris
var.mbalambala, 3. Chloris gayana, 4. Eragrostis sup-
erba, 5. Panicum maximum and 6. Themeda triandra. In-
dividual species means differ at the 5 per cent level
when one mean is not overlapped by the LSD of another.
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Kedong 1967-1968: Mean

Cenchrus
ciliaris,
biloela

0.888

0.713

3.319

2.675

Cenchrus
ciliaris,
mbalambala

1.023

0.930

2.795

3.461

leaf/root and shoot/root ratios

Chloris
gayana

1.116

1.389

4.660

6.357

Eragrostis
superba

2.098

1.478

7.593

4.746

Panicum
maximum

1.956

2.540

6.034

7.814

Themeda
triandra

0.679

0.992

3.194

4.387
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TABLE 21

Combined Muguga and Kedong 1967-1968: Analysis of

leaf/root and shoot/root ratio trends

. Leaf/root ratio L.S.D. (P<.05)
Period means
May v Jul. 1.144 v 1.147 0.187
Jul. v Sep. 1.147 v 1.616X 0.190
Sep. v Dec. 1.616 v 1.99 3X 0.224
Dec. v Feb, 1.993 v 0.820X 0.257
May v Feb. 1.144 v 0,820X 0.226
Shoot/root ratio
means L.S.D. (P<0.05
May v Jul. 2.762 v 3.274 0.525
Jul. v Sep. 3.274 v 5.707X 0.531
Sep. v Dec, 5.707 v 8.278X 0.637
Dec. v Feb. 8.278 v 6.367X 0.718

xMeans significantly different (PCO0.05)
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5.3.4 Sward versus single plants

Shoot/root ratios in swards and single plants
approximated in values. In C.ciliaris var.mbalambala
the shoot/root ratio was slightly higher under sward
conditions while in P.maximum both ratios were simi-
lar (Table 22).

In the 28 month old sward plots root excavations
to 3 m depths indicated that C.ciliaris var.mbalambala
yielded approximately 7,000 kg/ha root dry matter com-
pared to 3,300 kg/ha for P.maximum.

5.3.5 Leaf/stem ratio

Combined mean leaf/stem ratios for Muguga and
Kedong are given in Table 23, and they suggest that
the two C.ciliaris varieties, E.superba and P.maximum
have a higher leaf/stem ratio than C.gayana and T.tri-
andra.

5.3.6 Roots as percentage of total plants

The trends in root dry matter yield as a per-
centage of total plant for any one species were in
general inversely correlated to their shoot/root ra-
tios; the values of these are given in Table 24.

The trends for individual species were irregular.
However, the sampling means for all species and loca-
tions combined give a good indication of events during
initial establishment of the grasses under the condi-
tions of the experiment. The means suggest that the
roots as a percentage of the total, decrease from May
to December, increase slightly from December to Feb-
ruary during which time the grasses mature, and then
decrease slightly following the long rains and re-
newed growth in March-April.
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TABLE 22

Muguga 1969: Shoot/root ratios for plants grown in

swards and for single plants, 28 months from planting

Ratios
Species
Single plant
Sward samples Mean samples

Cenchrus

ciliaris 2.60 2.74 3.03 2.79 2.01 2.21 2.75 2.32
mbalambala

Pajnicum 5503 4.97 5.16 5.05 1570 5.06 4.84 5.20

maximum

TABLE 23

Combined Muguga and Kedong 1967-1968: Mean leaf/stem

ratios
S . Leaf/stem ratio
pecies mean
Chenchrus ciliaris, biloela 0.53
Cenchrus ciliaris, mbalambala 0.60
Chloris gayana 0.33
Eragrostis superba 0.61
Panicum maximum 0.56

Themeda triandra 0.38
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5.3.7 Root distribution

The dry weight distribution of the various
species (April 1967 to May-July 1968) is indicated
in Table 25.

At Kedong, all species had a higher mean percent-
age of their root systems in the 0-20 cm soil layers;
very high percentages for these layers were recorded
for E.superba and T.triandra. These two species also
had higher root yields at Kedong, which indicates even
greater root densities. Previous analyses, however,
of mean root yields over the period April 1967 to
February 1968 did not indicate significant differences
between locations. The data obtained when figures for
all species are combined (Table 25) show that at Ke-
dong, on a dry weight basis, there was at least 10%
more roots in the 0-20 cm soil layer than at Muguga,
although C.gayana and P.maximum individually had smal-
ler mean yields.

Rooting depths measured by excavations (Table 25)
may not indicate the maximum depth attained since it
was impossible to follow and excavate the smallest roots
at the distal end of the systems. The depths, however,
serve as a basis for comparison and they suggest that
all the grasses had a shallower root system at Kedong.
At Muguga, C.ciliaris var.biloela, C.gayana and P.maxi-
mum roots were followed to 280 cm depths, E.superba
to 220 cm and C.ciliaris var.mbalambala and T.triandra
to 180 cm. At Kedong, C.ciliaris var.biloela and C.gay-
ana penetrated to 180 cm, E,superba to 160 cm, P.maxi-
mum and T.triandra to 140 cm and C.ciliaris var.mbal-
ambala to 120 cm soil depths.

Maximum horizontal spread of roots at any sam-
pling date revealed only small differences between
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Dry weigiit distribution of roots In relation to Boil depth. Each percentage value

1b the mean of six samples taken between May 1967 and July 1968

Graeo species

SOiémdePth CenchBLﬁoecli;iariS, Cen;hbgi;mcblallliaarla, Era~rostie superba Panicum maximum Thcmeda triandru .’;A;eianspecies
Mean $ Mean # Mean % Mean % Mean % Mean $
Muguga Kedong Muguga Kedong Muguga Kedong Muguga Kodorg Muguga Kedong Muguga Kedong Muguga Kedong

0-20 52.1 56.5 55.7 58.1 67.2 68.5 53.0 72.2 50.8 58.3 45.6 71.1 54.1 64.1
20-40 18.6 18.8 16.3 17.9 12.8 16.2 20.9 17.1 13.9 22.6 21.2 15.1 17.3 18.0
40-60 12.2 11.7 10.9 13.5 5.8 7.3 9.8 7.6 8.2 9.9 14.8 8.6 10.3 9.8
60-80 7.5 5.9 7.1 6.2 4.0 3.3 5.7 2.6 8.1 5.1 11.1 2.2 7.3 4.2
80-100 3.4 3.2 4.2 3.1 2.9 1.5 4.0 0.4 6.2 3.8 4.0 1.5 4.1 2.2

100-120 2.3 2.6 3.1 1.3* 2.0 1.1 3.4 0.2 3.8 1.1* 1.6 1.0 2.7 1.2

120-140 1.0 0.8 1.3 1.0 1.5 1.9 0.1 2.9 Trace 1.3 0.6 1.6 0.5

140-160 0.8 0.5 0.6 1.1 0.5 0.5 0.1 1.9 0.1 0.8 0.2

160-180 0.4 0.2 0.9 0.9 0.1 0.4 1.5 0.6 0.8 0.1

180-200 0.4 0.5 0.3 1.1 0.4

200-220 0.8 0.4 0_1 0.7 0.3

220-240 0.2 0.7 0.5 0.2

240-260 0.3 0.3 0.2 0.1

260-280 0.2 0.3 0.1 0.1

Mean dry

weight in 255.46 314.00 135.93 182.14 148.40 59.91 26.80 43.00 113.55 79.15 57.61 77.43 117.96 125.94

gm

ecompact layer
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species or locations (Table 26). The mean diameter

for all species combined was 255 cm at Muguga and 249 cm
at Kedong.

5.3.8 Gypsum resistance block readings

The gypsum resistance block readings in the
C.ciliaris var.biloela sward plot at Muguga (Fig.17)
show that the whole soil profile was saturated with
water following the long rains (April-May: 795 mm)
in 1967 (Table 1). By the end of July at least half
the available water had been extracted from the sur-
face layer by the grasses; evaporation losses from
bare soil being small (Fig.18). By the middle of
October most of the available soil water was used to
150 cm depth and heavy uptake was occurring between
150 and 240 cm. The short rains (October-December:
227 mm) wetted the surface layer of the soil but had
no noticeable effect below 150 cm. Following the short
rains, ending in the first part of December, the soil
was drying out rapidly and for approximately three
weeks, prior to the onset of the long rains in the
middle of February 1968, the entire soil profile to
480 cm depth had reached wilting point. The long rains
(February to May: 804 mm), which began approximately
four weeks earlier than normal (Table 1), rewetted
the soil profile, the surface layer first in the lat-
ter part of February and down to 480 cm depth by the
beginning of May.

It would appear that the roots must have pene-
trated below the depth where resistance readings were
affected. Though not strictly accurate, minimum
rooting for each grass was estimated on the basis
of the readings obtained (Table 27). In C.ciliaris
var.biloela, relatively high readings obtained at
480 cm soil depth suggested that the grass had rooted
to 6 m.
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TABLE 26

Horizontal (diameter)

spread of root systems (cm), 1967-1968

Species Muguga Kedong
Cenchrus ciliaris, biloela 295 291
Cenchrus ciliaris, mbalambala 245 245
Chloris gayana 285 242
Eragrostic superba 220 215
Panicum maximum 245 260
Themeda triandra 240 241

Mean 255 249
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Fig. 17 Muguga : Soil moisture record as shown by resistance units under
Cenchrus ciliaris var.biloela sward plot.
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Fig. 18 Muguga: Soil moisture record as shown by resistance units under
control plot (bare ground).
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TABLE 27

Rooting depths (cm) as estimated from gypsum

resistance readings beneath single plants at

both sites and beneath swards at Muguga

Species

Cenchrus ciliaris, biloela
Cenchrus ciliaris, mbalambala
Chloris gayana

Eragrostis superba

Panicum maximum

Themeda triandra

Muguga

Resis tance
readings

Sward Single

600
550
600
440
600

240

320

340

320

200

320

240

Kedong

Resitance
readings

Single

500
240
440
220
350
200
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This corresponded to a mean growth rate of more than
2 cm per day. Due to heavier short rains (October-
December: 374 mm) and also to rains in January and
February 1969 (115 mm), the high water deficit in the
soil profile obtained in the previous year was not
repeated.

Resistance block readings in C.ciliaris var.mbal-
ambala, C.gayana and P.maximum sward plots showed simi-
lar trends to those described for C.ciliaris var. bil-
oela. In C.ciliaris var.mbalambala water extraction
was not so pronounced between the 290 and 480 cm soil
depths, suggesting that the grass did not root quite
as deeply as the biloela variety. In E.superba, the
readings indicated that wilting point was reached in
early February at 240 cm soil depth; minimum rooting
depth was estimated as 440 cm. T.triandra extracted
water from above 60 cm during July to October 1967
(Fig.19). After the short rains, wilting point was
not quite reached at 60 cm, and readings were little
affected at 240 cm.

Die data from resistance blocks placed around
single plants at Muguga generally indicated shallower
root systems than in the sward plots. In C.ciliaris
var.biloela (Fig.20), wilting point was attained only
at 30 cm soil depth during February 1968 while the
rooting depth was approximately 320 cm. Comparing
the other species with C.ciliaris var.biloela, C.gay-
ana was similar, and P.maximum had higher readings
although rooting depth was equal. C.ciliaris var.
mbalambala differed in having less pronounced water
use in 1967. Readings during the latter part of 1968,
however, were higher and rooting depth was estimated
as 340 cm. E.superba and T.triandra had much lower
readings in all layers and their roots only reached
200 and 240 cm soil depth respectively. In T.triandra
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Fig. 19 Muguga: Soil moisture record as shown by resistance units under
Themeda triandra sward plot.
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the water use pattern was essentially the same as that
obtained in the sward plot (Fig.19).

At Kedong, readings were only taken around single
plants. The C.ciliaris var.biloela graph (Fig.21) shows
that the long rains, April to May (>428 mm, Table 1)

did not saturate the soil profile completely. Rainfall
dates at Kedong and Muguga were essentially the same:
this was reflected in similar water use patterns at

the two sites. Resistance readings in C.ciliaris var.
biloela, July 1967 to February 1968, were generally
higher than those obtained around single plants at
Muguga. The short rains, October to December 1968

(234 mm) wetted the profile to 60 cm soil depth only
and the soil reached wilting point to 300 cm the follow-
ing January; rooting depth was about 500 cm. The long
rains, February to May 1968 (593 mm) again did not sa-
turate the soil profile entirely so that the resistance
values recorded between 150 and 300 cm depths increased
rapidly during September to October and subsequently
remained high indicating wilting point had been reached
in these layers. During this period the short rains
followed by intermittent showers in January and Febru-
ary 1969 resulted in wide fluctuations in reading values
between the 30 and 120 cm soil depths.

Only C.ciliaris var.biloela showed extremely
high readings in the deeper layers from October 1968.
C.gayana extracted water to 390 cm i March 1968, but
there was no clear indication that wilting point was
reached beyond 30 cm. Similar results were obtained
for P.maximum, where rooting depth was estimated as
350 cm. C.ciliaris var.mbalambala penetrated to approxi-
mately 2U0 cm and readings were generally lower than
in C.ciliaris var.biloela. Wilting point was reached
at 120 cm soil depth in E.superba during February 1968:,
its roots penetrated to about 220 cm. The lowest readings
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were obtained with T.triandra at Kedong, where wilting
point was reached at 30 cm in February 1968; rooting
depth was estimated as 200 cm.

5.3.9 Root morphology

The mean nodal root diameter in each grass species
was similar at Muguga and Kedong except for E.superba
and T.triandra in both of which the number of measure-
ments from Kedong was few. in general, the grasses
did not show any consistent changes in root diameter
on a soil depth basis. Nodal roots of C.ciliaris var.
biloela averaged 1.6010.26 mm diameter (400 measure-
ments), and their consistency was firm but they bent
easily without breaking. At 14 months of age, the root
cortex was still intact with no visible signs of de-
terioration. The colour of the mature root was strong
brown (7.5 YR 5/6, Munsell 1949), but long, fleshy,
mostly unbranched, faintly pinkish roots were occasion-
ally detected. These may have branched at a later sta-
ge. The branching of nodal roots was sparse (Fig.22)
compared with P.maximum (Fig.23). First order later-
al roots often reached 15 cm in length while second
order lateral seldom exceeded 3-4 mm  Nodal roots of
C.ciliaris var.mbalambala were similar except that their
mean diameter was 1.2370.32 nmm (240 measurements).

In C.gayana, mean nodal root diameter was 1.27+0.30

(343 measurements). Roots with intact cortex appeared
softer than similar roots of C.ciliaris. Three months
after planting, however, except for short sections
(10-15 cm) behind their root tips, several roots ei-
ther had lost their cortex entirely or it remained as

a thin torn sheath. Mature root clour was brownish-
yellow (10 YR 6/8); a few fleshy, whitish, sparsely
branched roots were observed occasionally. Branching
was more extensive than that observed in C.ciliaris

but less extensive than in P.maximum. First order
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Fig. 22 Muguga: Vertical section showing the root

after planting.
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lateral roots sometimes exceeded 30 cm while second
order were usually less than 3 cm.

Mean nodal diameter in E.superba was 1.37 = 0.31
mm (261 measurements); root colour was dark reddish
grey (5 YR 4/2) becoming slightly lighter with increa-
sing depth. Roots without cortex were observed but
to a lesser degree than in C.gayana. Especially in the
upper 20 cm soil layer, the entire surface of each ro-
ot was covered with mucilaginous layer to which soil
particles adhered. Branching was more pronounced than
in C.ciliaris but slightly less than in P.maximum.
The length of first order lateral roots reached 20 cm
and second order laterals 2-3 nm

Nodal roots of P.maximum had the smallest dia-
meter (0.71 + 0.17 mm, 388 measurements) of the spe-
cies studied. Their cortex had sloughed off approxi-
mately three months after planting except for 10 to
15 cm sections behind the root tips; the roots were
very brittle. Roots with intact cortex were reddish
yellow (7.5 YR 8/6); the roots without cortex were
creamy white. Fleshy roots occurred but they were
few in number. P.maximum had the most extensively
branched nodal roots of all the grasses (Fig.23).
Because of the density of first order laterals, which
were often 30 to 40 cm in length, root diameter meas-
urements were difficult. Second order laterals were
seldom more than 2 mm.

T.triandra nodal roots averaged 0.87 = 0.21 mm
in diameter (260 measurements); their colour was red-
dish brown (5 YR 5/4). By approximately 4 months from
planting several roots had lost their cortex, although
this was still intact behind the root tips. A muci-
laginous layer was present but, in contrast to E.sup-
erba, it was found mainly in the proximity of the root

tips at greater depths. Branching was similar to that
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of C.gayana, first order laterals reached 25 cm and
second order laterals 1-2 nm
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CHAPTER VI

DISCUSSION

6.1 Yields: Muguga Versus Kedong

With the exception of T.triandra, all species
performed similarly at Muguga and Kedong and in spite
of substantial ecological differences in growth habi-
tats the mean yields were not affected. Muguga samp-
lings were always made prior to Kedong; this may have
introduced a possible source of error in yield compar-
isons between the sites. It is clear from Fig. 12
that the time interval between samplings had no effect
on the results.

This apparently anomalous result may be explained
by considering climate, soil data and experimental pro-
cedure. The evaporative demand on the plants at Muguga
and Kedong was similar for although higher mean air
tempeiatures were recorded at Kedong, the Penman esti-
mate of potential evaporation (Table 1) was approxima-
tely the same at both sites. Soils and rainfall, how-
ever, showed greater dissimilarities. The water hold-
ing capacity of the Kedong soil to a depth of 195 cm
(Table 2) was much higher than that of the Muguga soil.
The shallower root systems at Kedong (Table 25) and
resistance readings (Fig. 21) which demonstrated that
the Kedong soil was far from saturated by the seasonal
rains in April-May 1968 (Table 1), suggest that the
water supply available to the grasses must have been
less than at Muguga (further discussion later). Also,
chemical analyses (Table 3) indicated that the Kedong
soil was inferior to the Muguga soil. This evidence
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implies that the Muguga soil was more adequate for
plant growth. Spacing the plants, however, removed
competition between roots and it is possible that
grass growth at Kedong was compensated for by a rela-
tively greater lateral nutrient and water absorption.

6.2 Root Yields

At Muguga and Kedong (1967-1968) maximum root
yields were obtained approximately 10 months from
planting (Figs. 10 and 11) coinciding with the matur-
ation of the grasses. This was confirmed during the
following season (1968-1969) at Muguga where, however,
C.ciliaris var.biloela was an exception.

The reduced root yields (Table 7), rooting depth
(Table 17) and spread (Table 18) in defoliated P.maxi-
mum plants as compared to non-defoliated plants are
of significance. Many workers, Nedrow (1937), Jacques
(1937), Weaver and Darland (1947), Jameson and Huss
(1959) and Humphreys (1967) have observed that defol-
iation causes reduced root growth and consequently a
depletion in the underground reserves (Weinmann 1944
and 1948). The importance of underground reserves in
pastures has been questioned by May (1960). He claimed
that further work was required to establish the exact
role played by reserves in regrowth, and suggests that
"accumulates” is probably a better word than "reserves".
In deciduous trees, for example, sufficient food exists
in young twigs to allow for the development of several
leaves in the spring without the utilization of food
that is stored in branches, trunks and roots (Curtis
and Clark 1950). Recently, Kozlowski and Keller (1966)
found a marked depletion of carbohydrates from the stem
and roots of woody plants accompanying new shoot growth.
In addition, Olofinboba (1969) found that carbohydra-
tes accumulated at leaf fall in the xylem of Antiaris
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africana became depleted at new flush. For grasses,
Baker and Garwood (1961) claimed that there was an as-
sociation between regrowth and declining carbohydrate
content in the stubble. On the other hand, Davidson
and Milthorpe (1965) concluded from their work with
Dactylis glomerata that carbohydrate reserves alone
could not meet the demand for new growth and losses

by respiration after severe defoliation and that other
fractions, possibly proteins, were remobilized. David-
son (1969) reported a significant positive correlation
between root weight and percentage watersoluble car-
bohydrates in Lolium perenne. He suggested that a high
concentration of carbohydrates in autumn is associated
with rapid root growth so that the concentration of
carbohydrates in the roots may not really be a measure
of carbohydrate reserves. Work on Medicago sativa,
however, indicated that a bidirectional movement of
organic compounds between the root and the shoot took
place after defoliation (Hodgkinson 1968). It appeared
that carbohydrate reserves in the root contributed to
new shoot growth until new leaves began exporting photo-
synthate.

In summary, present knowledge indicates that sea-
sonal changes occur in carbohydrate content of stems
and roots. 3ecause depletion of these substances usu-
ally coincides with the onset of new growth it is sug-
gested that the carbohydrates at least partly act as
reserves.

In Rajasthan, Dabadghao et al. (1962) found that
several grasses, among them C.ciliaris, reached maximum
rooting depth within 9 months of growth, an observation
in agreement with the present data. Dabadghao et al.
believed that forage utilization should be possible
during the establishment year. The adverse effects
of defoliation on growth indicated above, however,



94

imply that under semi-arid and arid conditions any

treatment during the establishment year causing re-
duced root growth and rooting depth and a depletion
in the underground reserves must be disadvantageous,
especially if growth conditions during the following
year are poor.

On a single plant basis, the grasses differed
greatly in mean root dry matter yields. The overall
results indicated that C.ciliaris var.biloela and C.
gayana had high yields followed closely by C.ciliaris
var.mbalambala (Table 4, Fig.12). Intermediate yields
were obtained for P.maximum and T.triandra while E.su-
perba was inferior. Although root yields from single
plants do not have much meaning, root excavations in
28 month old sward plots to 3 m depth showe&0 that C™
ciliaris var.mbalambala had produced 7,000 kg/ha root
dry matter, compared to 3,300 kg/ha for P.maximum,

Grass roots are not harvested and root yields
per se are therefore of no economic interest. It is
generally accepted that grass roots contribute to the
development of a good soil structure. Moreover, the
overall ameliorative influence of grass roots is mani-
fested in many ways (Russell 1961). Over a longer
period of time, root matter will influence soil or-
ganic matter; soil fertility and the water holding
capacity of the soil being improved. Since many East
African soils have a low organic matter content it is
believed that grasses producing high root yields are
to be preferred.

6.3 Leaf and Shoot Yields

At Muguga and Kedong (1967-1968), P.maximum and
C.gayana were superior to other species in mean leaf
and shoot yields (Fig.12). The mean shoot yield data
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given in Fig.13 (for Muguga and Kedong combined) sug-
gest that the two C.ciliaris varieties at the February
sampling had exceeded C.gayana. At Muguga (1968-1969),
P.maximum and C.gayana had higher mean shoot yields
than C.ciliaris var.biloela; there were significant
differences in mean leaf yields between all species,
with P.maximum giving the highest yield (Tables 5 and
6). These differences, however, could not be demon-
strated clearly on an individual sampling date basis.
Leaf and shoot yield differences between C.gayana and
C.ciliaris var.biloela were not significant at the last
three samplings. At the March sampling, there was no
significant differences between any of the species.
Also, mean leaf weight index differed between P.maxi-
mum and C.ciliaris var.biloela only (Table 12).

These results suggest that above ground yield differ-
ences decreased at the last samplings. This agrees
with Naveh and Anderson (1966) who, from their cutting
trials in northern Tanzania, implied that while C.cili-
aris had a slower establishment rate than C.gayana, it
would ultimately outyield the latter. Later work
(Andercon and Naveh 1968) showed that yield differetnces
between C.gayana and C.ciliaris in a 30 months period
from sowing were small, but C.ciliaris was capable

of more sustained production during dry periods. From
intensive carrying capacity studies under semi-arid
conditions in Kenya, Pereira et al. (1961) suggested
C.ciliaris to be better than C.gayana.

\

6.4 Leaf/root and Shoot/root Ratios

Plants adapted to dry climates have been classified
in various ways (Parker 1968). According to Levitt
et al. (1960) every plant adapted to a dry climate
(xerophyte) must be drought resistant, for survival
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is conditional to growth and development. In Levitt's
classification, xerophytism was divided into two cate-
gories. The ability to stay alive (drought resistance)
and the ability to grow and develop. Drought resistance
was subdivided into the ability to prevent reduction

in water content (drought avoidance) and the ability

to survive reduction in water content (drought tole-
rance). Drought avoidance was further divided into
three categories, the ability to obtain a large amount
of water during drought (water spenders: drought ev-
ading), the ability to complete life cycle before ex-
treme drought (ephemerals: drought escaping) and the
ability to reduce water loss to a minimum (water savers:
drought enduring).

In the above classification, drought avoiding
plants would probably be most suitable as pasture
plants because factors responsible for drought avoi-
dance help to maintain the optium water content for
growth, while factors favouring drought tolerance per-
mit survival but growth would be restricted. Where
rainfall is seasonal a high and prolonged production
of green material can only be achieved if sufficient
amounts of water can be supplied by the roots to the
transpiring and photosynthesizing shoot. Deep rooting
is believed to be an advantage to the growth and sur-
vival of a plant where water reserves are available
at considerable depths (Burton et al. 1954, Oppen-
heimer 1960, May and Milthorpe 1962). Plants having
a shallow but dense root system, may also be drought
resistant and Oppenheimer (1960) suggest that an incr-
eased secondary and tertiary ramification of such a
root system enables a better utilization of soil water
if it becomes immobilized in the wilting range of soil
moisture. Hudson, commenting on the paper of Troughton
and Whittington (1968), on the other hand, pointed out
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that a plant with a well developed root system may
quickly exhaust the supply of available soil moisture
and eventually die. This had been observed in one grass
variety growing under low rainfall conditions. When
selecting grasses for dry conditions, therefore, it

is essential to know the environment for which selec-
tion is being made and preferably carry out trials be-
fore any recommendation is made. Under East African
conditions it is suggested that grasses having low
shoot/root and leaf/root ratios are usually better
equipped to survive the dry periods between the sea-
sonal rains although it is realized that a high root
yield is not necessarily correlated with extensive

root distribution and water uptake efficiency. In these
respects, the C.ciliaris varieties and T.triandra
(Tables 9 and 10, Fig.16) proved superior to other
grasses having low mean ratios. An intermediate ratio
was obtained in C.gayana while P.maximum and E.superba
had high ratios. This finding confirms the observation
made by Owen and Brzostowski (1966) in their pasture
trials in central Tanzania (mean annual rainfall 550
mm) whe”e C.ciliaris performed well while C.gayana
suffered greatly during a drought year.

At Muguga and Kedong (1967-1968) most species
attained maximum ratios before December (Figs.14 and
15) but the analysis of ratio trends, species and lo-
cations combined (Table 21), showed that maximum val-
ues were obtained in December. This was the result
of the very high ratios attained in December by P.
maximum and Emsuperba. Very low ratios were obtained
at the February sampling, and again most grasses yiel-
ded higher ratios at the May-July sampling following
the seasonal rains.

In the more intensive work at Muguga (1968-1969)
the shoot/root ratios in P.maximum and C.gayana
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(Fig. 6) increased initially, reached high values
during September to November, decreased markedly from
November to January and then increased again. A similar
trend was observed for the leaf/root ratio in P.maximum.
Ratios in C.ciliaris var.biloela, however, did not alter
significantly throughout the growth period although they
showed a decreasing trend.

In general, the results on shoot/root ratios at
Muguga suggest that two samplings confined to the Sept-
ember-November period using C.ciliaris var.biloela as
an indicator plant, would indicate whether or not a
grass has a favourable shoot/root ratio. This supposes
that the same experimental procedure is followed. It is
possible that this technique could be applied with equal
success to other habitats.

Seasonal changes in shoot/root ratio in grasses
(in some cases related to specific conditions) have
been observed by several workers. Weaver and Himmel
(1929), Roberts and Struckmeyer (1946) and Troughton
(1960) found that shoot/root ratios increased at the
time of flowering. Troughton also noted that a lower
ratio was obtained in plants grown under moisture stress
as compared to adequate water supply, while decreased
light intensity had the opposite effect. Ozanne et al.
(1965) found that the ratios increased with increasing
maturity, and MacColl and Cooper (1967) observed that
the shoot/root ratios increased from spring to winter
when the grasses were grown under glasshouse conditions.
The growth of the shoot relative to that of the root
appears to be controlled genetically (Troughton and
Whittington 1968). Furthermore, Eagles (1967) found
that increasing temperature resulted in increasing
shoot/root ratios in a tetraploid population of
Dactylis glomerata from Norway while the ratio de-
creased in a diploid population from Portugal
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when grown in controlled-environment rooms. In Lo-
lium perenne, Troughton (1961) observed that increas-
ing temperature (10°C - 21°C) resulted in decreasing
shoot/root ratios. It is therefore apparant that some
exceptions exist to the statement of Brouwer (1966)
that the shoot root ratio generally increases with in-
creasing temperature. In the present investigation it
was difficult to relate shoot/root ratio changes to
any specific conditions. The shoot/root ratio in C.
ciliaris var. biloela, however, differed from the other
grasses, especially at Muguga (1968-1969). Except for
a slight initial increase, its shoot/root ratio showed
a steadily decreasing trend which was maintained through
flower formation, through temperature increase and
through decreasing soil moisture availability.

Comparisons between shoot/root ratios in swards
and those of spaced plants (Table 22) indicate that
these approximate in value. This implies that both
the results of, and conclusions drawn from, spaced
plants are directly applicable to sward conditions.

6.5 Specific Weight of Leaves

A great volume of work on specific weight of
leaves has shown that the ratio is influenced by light
and temperature. In Lolium perenne, Mitchell (1953)
found that specific weight of leaves increased with
increase in light intensity or decrease in air tem-
perature. Mitchell concluded that the speed and pat-
tern of morphological development of plants as a whole
was determined by contemporary rather than previous
light and temperature conditions and that a readjust-
ment could occur within a week. Similar influences
of light and temperature on specific weight of leaves
were recorded in Helianthus annuus by Blackman et al.
(1955), and Hunt and Cooper (1967) found that specific
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weight of leaves in grasses grown under heated glass-
house conditions was higher in May, a time coinciding
with high light intensity and low temperature, than

in September when light intensity was lower and temp-
erature higher. At Muguga (1968-1969) specific weight
of leaves increased from April to July (Table 14).
Assuming that the results obtained in Britain are ap-
plicable to East Africa, the effect of the 3°C drop

in mean air temperature from April to May (Table 1)
must have been of greater significance than reduced
light, for although light intensity is believed to be
much the same during sunshine, radiation decreased from
406 gm/cals/cmzlday to 291 gm/cals/cmzlday during the
above period (E.A.A.F.R.0. 1969), mainly due to in-
creased cloud cover. Following July, total light
(radiation) sunshine hours and temperature increased
and in November they were much the same as in April,
but there was no further increase in the specific
weight of leaves. The possibility, however, that the
increased soil moisture tension from June to October
and the increased flower and seed formation from July
to November may have had certain influences on specific
weight of leaves, cannot be excluded.

6.6 Root Distribution - Water use

Roots present in the 0-20 cm soil layer changed
proportions throughout the growth period at Muguga
(Fig.8). These changes were most probably influenced
by water availability; low percentages nearly coin-
cided with high resistance readings (Fig.17) related
to low rainfall during the period of measurement
(Fig.2). The resistance blocks, however, were placed
below the 0-20 cm soil layer and could not give a meas-
urement for this layer. Wilting point was probably
reached much earlier than was recorded by the resist-
ance blocks. The root percentages indicate that great
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error's may be made if conclusions are drawn from the
relative amount of roots present in the soil surface
layers on the basis of a single sampling.

Results given in Table 27 indicate clearly that
under these conditions grasses root deeper when grow-
ing in competition. This is contrary to the findings
of Pavlychenko (1942) who from Nebraska reported,
deeper rooting in spaced plants compared with that of
plants grown in a sward. Ozanne et al. (1965) found
that a fivefold increase in seeding rate of grasses,
legumes and herbs, had no significant effect on over-
all rooting depth in 126 days old plants.

Neither the resistance readings nor the jet-wash
root sampling could give accurate information on the
rooting depths of these grasses. The gypsum resistance
blocks are intensitive to changes in moisture potential
under conditions of high soil moisture and when initial
changes in resistance readings occur, the soil sur-
rounding the blocks is depleted by approximately half
of its available soil moisture (see 3.5,2). A small
number of roots, highly active in extracting water,
may therefore have been present at the distal end of
the root systems without affecting the block readings.

To calculate the water used by plants, relation-
ships between transpiration (E”) and the Penman esti-
mate of potential evaporation (Eq, given in Table 1)
have been found useful; in well-watered Kikuyu grass
(Pennisetum clandestinum) at Muguga, consistent
values of Et/EQ = 0.75 were obtained (Glover and Fors-
gate 1964). Similar values have been determined for
P.maximum and Cynodon dactylon (Hosegood 1963). Using
this vrelationship to calculate potential transpiration,
it can be deduced from Table 1 that transpirational los
ses from grasses growing at Muguga may be as much as
5 mm per day. As available soil moisture becomes limi-
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ting, water movement from deeper layers into the root
zone may be of importance. Van Bavel et al." (1968)
demonstrated upward movement of water to the root zone
at rates up to 4 mm per day for up to 12 days after
irrigation. There was, however, an indication in their
graphs that this rate was decreasing after this period.
The total amount of water that could be transported

in this way was therefore, although highly significant,
strictly limited by the observed decrease, through
several orders of magnitude, of soil moisture cond-
uctivity through relatively small decreases in moisture
content. At Perkerra in Kenya, Pereira (1958) observed
that in spite of the large quantity of water available
in the soil profile up to about 180 cm, maize failed

to mature because roots could not grow fast enough to
occupy the profile where water was available. This
would indicate that upward movement of water by
capillarity was insufficient to meet the demand of the
maize crop.

In the present study, if the bulk supply of water

to the root zone was by capillary flow, a very steep
gradient of moisture content between the root zone and

the water filled soil layers below should have been
observed. The resitance readings did not show such a
phenomenom. In early February 1968 very little, if

any, available water was left in the soil underneath
C.ciliaris var.biloela at Muguga (Fig.17) to 480 cm
depth. The sward, however, remained green and there
was no indication of any drought effects. During the
next three weeks before the rains that fell in the latter
part of February, transpirational losses, if maximal,
were about 100 mm (5 mm per day). Most of this water
must have been extracted from the soil below 480 cm
depth. With an available water holding capacity of
25 mm per 30 cm soil depth (Table 2), all available
water between 480 and 600 soil depth would have
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been extracted during this period. It seems reason-
able, therefore, to suggest that the roots must have
penetrated to 6 mdepth for although transpirational
losses may have been smaller, it is doubtful that a
root system in this very uniform and deep soil would
end abruptly and use all available water to the same
depth. The resistance readings suggest a rather diff
erent situation. Figs. 19 and 20 show that the res-
istance readings changed from 5.8 to 2.6 over a soil
profile of at least 150 cm depth. Rooting depths of
all grasses at Muguga and Kedong were estimated in a
similar way (Table 27). At Kedong, the procedure was
somewhat simpler, since roots did not penetrate as
deep as at Muguga, the resistance readings gave a
more direct indication of rooting depths.

Although the root excavations were carried out
with care, it was not possible to follow and collect
the very fine roots at the distal end of the root
systems and it was not practical to remove roots from
depths greater than 3 m It was thought, however,
that the roots collected formed the major part of
the roots (Table 25).

Root depths in excavated plants (Table 25) ind-
icated that grasses rooted deeper at Muguga, but res-
istance reading data did not agree with these obs-
ervations. As discussed earlier, however, the Kedong
soil was far from saturated by the seasonal rains
in April-May and measurable changes in soil moisture
would therefore be more easily attained at Kedong as
compared to Muguga. The results do indicate, however
that the grasses can be placed in two groups: those
that are deep rooting (both C.ciliaris varieties,,
C.gayana and P.maximum), and those which are shallow
rooting (E.superba and T.triandra).
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Deep rooting grasses have the advantage of being
able to absorb water from great depths during periods
of drought. Soil moisture resistance readings sug-
gested that several of the grasses studied rooted to
depths of about 6 m at Muguga. After the long rains
in April-May 1967, the soil at Muguga was saturated
with water (Fig.17), holding about 500 mmof avail-
able water to a depth of 6 m (Dagg 1968). Before the
long rains which began in the latter part of February
1968, the C.ciliaris varieties, C.gayana, and P.maxi-
mum had used all available water to 6 min addition
to the 340 mm of rain which fell between the long
rains in 1967 and 1968. During this time interval,
the evaporational demand was 1180 mm (Table 1), gi-
ving an Et/EQ value of 0.71. This value, was only
slightly lower than the one obtained by Glover and
Forsgate (1964) and Hosegood (1963). Evidently the
grasses maintained near-potential rates of trans-
piration until all available water to 6 msoil depth
was extracted.

The mean annual potential evaporation for 12
years of records including 1968 (E.A.A.F.R.0., 1969)
was 1705 mm giving an average potential transpiration
of 1279 mm per year (1705 x 0.75). This is more than
the average rainfall of 1013 mm (Table 1), indicating
that modulus potential growth rates can seldom be at-
tained. Large soil moisture deficits are therefore
likely to develop by the start of the rainy season,
especially before the long rains. To compensate for
a deficit of 500 mmwithin a period of two months, a
rainfall of about 660 nmm is required, allowing 160 mm
for evapotranspiration losses. The seasonal rains do
not normally compensate for this loss but the long
rains in 1967 and 1968 were much higher than normal
indicating that through drainage and some contribu-
tion to ground water had occurred.



Even greater soil moisture deficits occur before
the long rains at Kedong, where the rainfall pattern
is much the same as for Muguga. This results in a
more pronounced seasonal growth. The mean annual
potential evaporation (7 years of records) was 1747
mm (Woodhead 1968), giving an average potential tran-
spiration of 1310 mm (using the same E /Eq value as
for Muguga). The mean annual rainfall is 805 mm.

Data on mean annual rainfall, potential evapo-
ration and transpiration for Kedong and Muguga allow
for a comparison to be made of the two areas in terms
of expected growing seasons. If drought occured in
only one period during the year, grasses could pro-
bably grow for about 8" months at Kedong in contrast
to an expected 10 month growing period at Muguga.

During the experimental period, April 1967
through February 1968, the differences between rain-
fall and transpiration was 323 mm at Kedong; the
long rains did not penetrate much below 2 msoil
depth. At Muguga, rainfall exceeded potential trans-
piration. Yields did not differ between Muguga and
Kedong. It was suggested that the spaced plants at
Kedong must have had a relatively greater lateral
absorption of water although the horizontal spread
of roots was much the same (Table 26). This assump-
tion could not be substantiated since water losses
from the soils were not measured.

The combined Muguga and Kedong shoot yields
(Fig.13) suggested that E.superba and T.triandra were
less productive than other grasses. In T.triandra,
yield increments were initially much the same as in
the other grasses, but from July to November, incre-
ments were less. The low yields of E.superba and T.
triandra in particular could be a result of having
less available water within their root range due to
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a shallower root system.

The loss of water through surface run-off has
not been considered; it was assumed to be neglig-
ible in the experimental plots (Pereira et al. 1967).
Nevertheless, run-off cause serious reduction in yield
in areas such as Muguga and Kedong where rainfall
limits growth and heavy seasonal rains occur. Sound
management practice should, however, be able to prevent

run-off, and thus preclude an associated loss of pro-
ductivity .

The above discussion demonstrates the important
part played by the root system in the adaption of
grasses to semi-arid conditions with seasonal rain-
fall. Deep rooting grasses are necessary to exploit
the annual recharge of the soil moisture reserves from
the seasonal rains, thereby making the growth season
as long as possible. This presupposes more than mere
survival. In comparison with shallow rooting grasses,
deep rooting grasses should be capable of transforming
an increased water uptake into greater yield of dry
matter during a given period. Although fluctuation
in the water table is to be expected when deep rooting
grasses are used, the greater water use must not result
in a net loss of ground water reserves. At Muguga,
it is believed that the rainfall is adequate to meet
the above requirement. At Kedong, further studies
on the water use of these grasses in swards are re-
guired before any suggestion can be made. It is well
known, however, that T.triandra can tolerate very
dry conditions, and Bogdan and Pratt (1967) regarded
E.superba as a safe grass for use under moderately
dry conditions. Although all grasses had a higher
percentage of their root systems in the surface
layers at Kedong (Table 25), E.superba and T.triandra
had the highest. Since these two grasses had higher
mean root yields at Kedong, although not significantly
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different from Muguga, it follows that the root den-
sity was much higher in the surface layer, maximum
spread of roots being much the same (Table 26). From
studies on T.triandra in South Africa, Goossens and
Stapelberg (1933) suggested that the heavy concentra-
tion of roots in the surface soil layer enabled this
species to make the fullest use of all light showers
of rain, and to compete favourably with other deeper
rooting grasses. Murray and Glover (1935) came to

a similar conclusion. The present study supports
this hypothesis and indicates that E.superba also
has this quality. E.superba has the disadvantage of
high shoot/root and leaf/root ratios but is probably
more deep rooting than T.triandra.

Competition is one of the underlying principles
in plant communities and Donald (1963) defines com-
petition in such a way that it covers all living or-
ganisms: "Competition occurs when each of two or mo-
re organisms seeks the measure it wants of any par-
ticular factor or thing, and when the immediate sup-
ply of the factor or thing is below the combined de-
mand of the organisms". T.triandra often forms large
pure stands although other grasses may be present in
the vicinity. Possibly this grass in some competitive
way withstands intrusion from other grasses, and ob-
servations in T.triandra grasslands at Kedong seem to
verify this suggestion. Where firebrakes were made,
using a disc plough, other grasses (C.gayana in parti-
cular) invaded the firebrakes and formed dense stands,
displacing T.triandra. A possible explanation for
other grasses being unable to compete with T.triandra
is that the species uses the soil moisture in the
surface layers so effectively that other grasses are
unable to establish themselves. T.triandra, there-
fore, would seem to have a greater ability to survive
under conditions of low intermittent rainfall, and
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shallow soil. It is also possible that the high den-
sity of T.triandra roots in the soil surface at Kedong
acted as a mechanical barrier to the penetration of

the soil profile by the seedling roots of other species.
Rhodes (1968) reports on a similar phenomenom in Lol-
ium perenne. Another explanation for the success of
T.triandra could be that it has a more effective nutrient
absorbing root system. Parsons et al. (1953) give a
good example of such competition. They found that
Agrostis alba and Poa pratensis took up potassium

so readily that Dactylis glomerata, Medicago sativa

and Bromus inermis were eliminated from a mixed popu-
lation .

6.7 Root Morphology

Diameter of nodal roots between 0 and 80 cm soil
depth was not influenced by the different growth con-
ditions at Muguga and Kedong. Marked differences,
however, were found between species. C.ciliaris var.
biloela had the largest diameter (1.60 mm followed
by E.superba (1.37 mm), C.gayana (1.27 mm), C.ciliaris
var.mbalambala (1.23 mm), T.triandra (0.87 mm and
P.maximum (0.71 mm). Many of these grasses had large
diameter roots when compared with other species.
Pavlychenko (1942) recorded diameters between 0.19 and
1.1 mm for ten grass species; Crider (1945) listed
root diameters ranging from 0.43 to 1.11 mm for nine-
week old plants of twelve grass species grown in pots:
Coupland and Johnson (1965), studying root development
of native grassland in Saskatchewan, reported root dia-
meters from 0.2 to 1.0 nm Large root diameters, how-
ever, have been observed previously in grasses growing
under wet conditions in the grass prairies of the USA
where the coarsest roots of Spartina michauxiana mea-
sured 3 to 4 nmm across (Weaver 1926).
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In P.maximum roots, the cortex was sloughed off
relatively early except for short sections behind the
root tips. This was also observed in C.gayana, E.sup-
erba and T.triandra, although to a lesser extent. In
the two C.ciliaris varieties, the cortex was intact,
without any sign of deterioration, 14 months from plan-
ting. These observations seem to agree with the data
obtained on specific weight of roots (Table 19).

Throughout the growth period, mean specific weight of
roots was higher in P.maximum than in C.ciliaris var.
biloela; C.gayana was intermediate.

The cortex may play an important role in the up-
take of nutrients. Earlier, it was thought that nu-
trients were absorbed mainly in younger tissue a short
distance from the root tip (Steward et al. 1942). Re-
cent experiments with barley in solution culture, how -
ever, suggest a different situation (Clarkson et al.
1968). In older roots, at least 40 cm from the root
tip where the endodermis was heavily thickened, phos-
phate was absorbed and translocated as readily as in
the young tissue, providing the cortex remained in-
tact. Much less is known about other ions, but it
seems that the pattern of potassium uptake is comparable
to that for phosphate (Clarkson and Sanderson, cited in
Russell 1970). If the same situation is generally true
for plants growing in soil, C.ciliaris would have a
great advantage over most of the other grasses inclu-
ded in this work.

On the basis of persistance of the cortex,
Goossens and Stapelberg (1933) classified grasses in
two groups: those having a soft, early deciduous cor-
tex and those having a more or less hard persistent
cortex. Group one included grasses of the dry re-
gions with xerophytic roots; group two consisted of
grasses of the moist regions with mesophytic roots.
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In this classification, C.ciliaris would seem to belong
to group two'. However, this work has indicated that
C.ciliaris is well adapted to drier regions.

Roots with a mucilagenous layer were observed in
E.superba, especially in the soil surface layer, and
in T.triandra at greater depth. Similar mucilagenous
layers have been described bv Price (1911), Warming
(1925), Goossens and Stapelberg (1933) and Arber (1934)
but opinions differ as to how they are formed. The
sheath, including the mucilage and soil particles,
remains on the roots as long as the cortex and Warming
(1925) believed that the mucilage protected against
a loss of water from the roots into soil when the lat-
ter became dried out. Goossens (1936), however, thought
that it aided in the absorption of water.

6.8 Tentative Conclusions

Above ground yields in C.gayana and P.maximum
exceeded those of the two C.ciliaris varieties under
the relatively good rainfall conditions of these ex-
periments . The differences, however, tended to decrease
for the xater stages of growth. On a dry matter basis,
a highly balanced shoot and root development was ob-
served in the two C.ciliaris varieties, while in the
other two species, shoot growth was much more rapid
during the first 7 months of growth. Assuming that
comparative shoot and root growth would be similar un-
der less favourable moisture conditions, it is probable
that above ground yield differences would be smaller,
even during early stages of growth. Under conditions
of moisture stress, it is likely that yields would be
reduced earlier in species with high shoot/root ratios.
Under severe dry conditions C.gayana and P.maximum
would not be able to survive, even if they succeded in
establishing themselves. This is supported by the



observations of Pereira et al. (1961) and Owen and
Brzostowski (1966).

Regeneration, vegetatively or genetically, is a
most important factor to be considered when growth
may be limited by low or uncertain rainfall. It is
postulated that a well adapted grass should have the
ability to build up a reserve of seeds in the soil,
that is, the seeds must not only maintain their via-
bility but a proportion of them should remain dormant
even when moisture conditions are favourable for ger-
mination. T.triandra is, ecologically, a highly suc-
cessful species probably due, in part, to the species
ability to build up such a seed reserve. In this work
both C.ciliaris varieties showed poor germination.
Brzostowski and Owen (1966), however, found that seeds
of this grass germinated readily provided mature
seeds were stored for 12 to 18 months after harvest.
This suggests that C.ciliaris may be able to store
viable seeds over a prolonged period of time and that
its establishment is safeguarded even when growth con-
ditions are poor for periods up to Is years. Freshly
harvested seeds of both Cmgayana and P.maximum ger-
minate readily and it is probable that with these gras
ses no significant seed reserves remain following a
good rain.

Observations showed that C.ciliaris var.biloela
in particular, and also var.mbalambala, had extensive
rhizome systems of great regenerative value. Also,
most of the rhizomes were located well below the soil
surface, which is of great significance, because the
use of fire is generally accepted as a tool for era-
dicating undesireable vegetation.

Specht (1957) emphasized that interception of
rainfall by vegetation is a major factor in any study
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of the water balance of an ecosystem. Stem flow or
foliar drip can be of considerable importance in arid
plant communities and has a great influence on distri-
bution of incoming moisture. Glover (1950) found that
a number of Somaliland plants had developed extensive
shallow lateral root systems as an adaptation to shal-
low penetration of rain water after sporadic showers.
In East Africa, Glover and Gwynne (1962) showed that
the maize plant was capable of intercepting light sho-
wers of rain and concentrating water in considerable
amounts near the base of its stem. A similar phenom-
enon! was described for several grassland communities,
including T,triandra in Kenya (Glover et al. 1962),
and for Agropyron spicatum in British Columbia (Nda-
wula-Senyimba 1969).

The aerial part of grasses may therefore be con-
sidered as a catchment area which collects rain water
and delivers it to the soil at the base of the grasses
where it accumulates in amounts greater than those avail
able from bare ground. This supposes that the grasses
are distributed singly or in clumps; this is a com-
mon type of distribution in drier range regions. Where
rain falls upon a uniform closed canopy, no single plant
is able to obtain such additional water.

It has been suggested that E.superba and T.triandra
because of their high concentration of roots in the
soil surface layer, are capable of utilizing light sho-
wers of rain more effectively than other grasses. Un-
doubtedly, the catchment effect can be included. Also,
the mucilagenous root layer observed in E.superba in
the top soil may enhance the absorption of small amounts
of water.

When studying T.triandra grasslands in East Africa,
Heady (1966) found that this grass grew on a variety
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of soils and did not appear to be closely correlated
to rainfall conditions. He also observed that where
T.triandra was occurring in abundance, organic matter
to a depth of 20 to 50 cm was constantly higher than
where the grass was scarce or absent. Although Heady
thought that the range of organic matter was a result
of differences in the abundance of T.triandra rather
than causing it, the findings in this work may sug-
gest the latter.

The success of T.triandra grasslands is undoubt-
edly the result of a variety of factors. Four of the
more important of these include. 1) The relatively
shallow root system, which enables the grass to grow
equally good on both shallow and deep soils; 2) on
deep soils it can compete with more deep rooting gras-
ses providing rainfall is intermittent, because of
its ability to utilize light showers of rain more
effectively; 3) the grass has a favourable shoot/
root ratio, and 4) its establishment is safeguarded
by seed reserves in the soil.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

In East Africa where rangelands are character-
ized by a complex of ecological factors, management
is equally varied and the preference for any one
grass may differ over comparatively small areas. The
main factor limiting growth is rainfall. Most of the
rangelands in Kenya have two rainy seasons a year but
large areas of Uganda and Tanzania have only one.
Under such conditions of seasonal rains it is very
important to find the grass species that will, for
each different growth habitat, most effectively ex-
ploit and utilize the annual recharge of the soil pro-
file.

Under the conditions described for the experi-
ments, leaf and shoot yields alone would tend to fa-'
vour P.maximum as a preferred rangeland grass. How-

»

ever, when the high root yields and their possible long

term effect on soil fertility and soil water holding
capacity are considered, the two C.ciliaris varieties
and C.gayana would seem to be better than P, maximum.

In many of the East African soils, organic
matter content is low and it is believed that the in-
fluence different grasses may have on the soils should
be investigated. This research could easily be com-
bined with long term pasture trials.

In more arid conditions, above ground yields,
leaf/root and shoot/root ratios, and rooting depth
(providing the soils are deep) are factors to be con-
sidered. In these respects, the two C.ciliaris varie-
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ties proved superior to all other grasses.

If, however, the soils are shallow it is poss-
ible that grasses like T.triandra, having low shoot/
root ratios and shallow root systems, would be pre-
ferable although there is no experimental evidence to
suggest that C.ciliaris varieties which have deep root
systems would not do equally well under shallow soil
conditions.

In this discussion it has been suggested that
T.triandra and the two Cmciliaris varieties, due to
their intrinsic seed germination properties, are bet-
ter equipped to reseed the area successfully following
prolonged periods of drought than any of the other
grasses studied.

These results indicate that future work on im-
proving the rangelands should consider the relationship
of above to below ground growth of grasses. This work
has shown that such studies can be simplified. Conmt+
parisons between shoot/root ratios in swards and
those of spaced plants suggest that conclusions drawn
from spaced plants are directly applicable to sward
conditions. Also, relative differences between shoot/
root ratios of perennial grasses can be obtained from
spaced plants grown at Muguga, and possibly other lo-
cations having similar growth conditions, through two
samplings confined to the September-November period,
providing the same experimental procedure is followed,
and using C.ciliaris var.biloela as a standard. By
using the jet-wash method for root excavation, the dis-
tribution of the roots in the soil profile could be
determined and studies on root morphology could be
carried out. An indication of minimum rooting depth
can be obtained in swards with the aid of gypsum re-
sistance blocks placed at regular intervals to at least



116

6 mdepth.

During the establishment period of grasses on
ranges in semi-arid and arid regions, which lasts ap-
proximately 10 months after planting, grazing should
be avoided or kept to a minimum. This would allow the
grasses to build up their root systems and underground
reserves with consequent high subsequent primary and
secondary productivity levels.

Knowledge of the many grass varieties in East
Africa is scant. A research programme to compare
and evaluate the more important grass varieties would
certainly provide further valuable data for the over-
all improvement of East African rangelands.
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APPENDIX

EXAMPLE OF STATISTICAL METHOD AND CALCULATION

Shoot/root ratios, Muguga and Kedong 1967-1968

Study 11

To indicate the procedure used in the statis-
tical treatment of the data presented in this thesis,
the analysis of the shoot/root ratios, obtained at
Muguga and Kedong, May 1967 to February 1968, is
given as an example. The shoot/root ratios are sta-
ted in Table 1. It was assumed (Chapter 4) that the
variability between the ratios shown within the dou-
ble lines in the table indicates a true representa-
tion of the total records including T.triandra; thus
the standard error obtained through the calculations
shown in Tables 2 and 3 was used to draw conclusions
from the whole set of data.

To determine differences within groups that
proved significant in Table 3, the least significant
differences (LSD) test was employed as follows:

t = tabulated "t" value
LSD = t whprG 52:_ mean square for error

n = number of observations
Example 1.

Comparing shoot/root ratios between C.ciliaris
var.biloela = 2.675 and C.gayana = 6.357 at Kedong.



130

(Table 1).

t = 2.086 (tabulated "t" value at the 5% level):

sN= 0.711205 (mean square for error, Table 3).

n*= 8 (number of observations in C.ciliaris var.
biloela).

n2= 7 (number of observations in C.gayana).

LSD = 0.910

The differences between the means given above is

larger than the LSD value obtained indicating that at

the 5% level, C.gayana had a higher mean shoot/root

ratio than C.ciliaris var.biloela.

Example 2.

July

Comparing ages, for example May = 2.762 versus
= 3.274 (Table 1).

t and 52 are the same as in example 1.

n"= 22 (number of observations in May, all
species and locations).

n2= 23 (number of observations in July).

LSD = 0,525.

This shows that the ratios at the two dates did

not differ at the 5% level since the LSD value ob-
tained was slightly larger than the difference between

the May and July ratios.

For each analysis of variance, only the species

having the same number of observations (nl and n2)

overall or for a particular comparison would yield
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the same LSD. This gave rise to several LSD values
within each analysis. Using the shoot/root ratio
analysis as an example, these were:

LSD (PCO.0S) comparing shoot/root ratio means:

1. Between species at Kedong

(a) Two of C.ciliaris var.biloela, C.ciliaris var

mbalambala, E.superba, P.maximum. LSD = 0.880
(b) ©One of (a) versus C.gayana, LSD = 0.910
(c) ©One of (a) versus T.triandra, LSD = 0.950
(d) C.gayana versus T.triandra, LSD = 0.979

2. Between species at Muguga

(a) Two of C.ciliaris var.biloela, C.ciliaris var.

mbalambala, E.superba, P.maximum, LSD = 0.880
(b) Two of C.gayana, P.maximum,

T.triandra, LSD = 0.940
(c) One of (a) versus (b), LSD = 0.910

3. Between same species at Kedong and Muguga

(a) C.ciliaris var.biloela, var.mbalambala,

E.superba, LSD = 0.880
(b) C.gayana, LSD = 0.940
(c) P.maximum, LSD = 0.910
(d) T.triandra, LsD = 0.979
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Between ages, all species and locations

Hay versus July,

May versus September

May versus December or February,
July versus September,

July versus December or February,
September versus December or
February,

December versus February

LSD

LSD

LSD

LSD

LSD

LSD

LSD

combined

0.525

0.537

=0.631

0.531

0.626

0.637

0.718



Shoot/root ratios obtained at Muguga and Kedong May 1967 - February 1968

May Jul - Sep. Dec. Feb.
Species
Species Location Plant Plant Plant Plant Plant Mean
1 2 1 2 1 2 1 1
Cenchrus ciliaris , Muguga 4.04 4.16 2.21 1.98 3.07 5.57 2.90 2.62 3.319
biloela Kedong 1.67 2.23 2.21 2.16 2.56 3.89 3.12 3.56 2.675
Cenchrus ciliaris , Muguga 2.02 2.28 1.61 2.83 1.86 5.50 3.60 2.66 2.795
mbalambala Kedong 2.33 1.74 2.57 2.32 4.28 3.29 3.88 7.28 3.461
Chloris gayana Muguga 1.57 2.95 4.18 3.33 9.82 6.25 4.52 4.660
Kedong 2.27 5.54 7.00 4.82 9.16 7.96 7.75 6.357
Eragrostis Muguga 2.58 3.21 4.98 3.55 4.80 8.62 21.70 11.30 7.593
superba Kedong 2.97 0.96 1.82 1.62 4.43 7.30 11.44 7.43 4.746
Panicum maximum Muguga 4.35 4.39 4.78 5.03 7.36 9.31 7.02 6.034
Kedong 2.57 2.57 4.57 5.77 9.94 1190 14.68 10.51 7.814
Themeda triandra Muguga 2.63 1.12 1.74 2.53 2.77 6.28 5.29 3.194
Kedong 1.74 3.10 5.21 5.99 8.21 6.46 4.387

Date mean: 2.762 3. 274 5. 707 8.278 6.367

€eT
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TABLE 2

Uncorrected sums of squares

for shoot/root ratios

Total
Places (P)
Ages (A)
Species (S)
P x A

P x S

A X S

Px AXx S

Correction factor

471.646600
396.262250
399.449780
421.372275
401.701500
437.936050
434.725850
457.422500

395.263690
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TABLE 3

Analysis of variance for shoot/root ratios

Terms

Places (P)
Ages (A)
Species (S)
Px A

Px S

A X S

Px A XS

Error

Total

XXXSignificant at the 0.1%
xxSignificant at the

Significant at the

Degrees of
freedom

20

39

Sums of
squares

0.998560
4.186090
26.108585
1.253160
15.565215
9.167485
4.879715

14.224100

76.382910

Mean
squares

0.998560
4.186090
6.527146
1.253160
3.891304
2.291871
1.219929

0.711205

level

1% level

50 level

F(calc)

1.40
5.89X

9.18XXX
1.76
5.4 7XX
3.22X

1.72



