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ABSTRACT:

The effects of collar diameter and lifting periodnoshoot biomass production of Teak (Tectona
grandis Linn. F) stumps were investigated duringett2006 dry season on the research farm of
Kwame Nkrumah University of Science and Technolodg§yumasi, Ghana. The lifting period is
time when planting of stumps is delayed. A 3x5 splot factorial experiment in randomized
complete block design was used. The main aim waddtermine suitable methods of converting
teak seedlings into stumps and evaluate the conseges of delaying planting of teak stumps to
enhance high amount of teak shoot production thusidaess the persistent problem of poor
sprouting and low biomass productivity in the eadyages of planted teak in large-scale planta-
tion development in Ghana. Collar diameter of stumpand time as well as the interaction of
collar diameter and period of delay of planting styps and the combined effects of these factors
had significant effect on number of shoots per pldthe highest number of teak shoots was ob-
tained from teak stumps of collar diameter of 2.2t planted immediately after harvesting. For
teak stumps of collar diameter of 2.75 cm if plamgi is delayed for 4 weeks the number of shoots
reduces to 25 % of its value if planted immediatelyeak stumps stored in the open air when
planting is delayed beyond 15 weeks may not prodshozots.
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INTRODUCTION mainly on the use of teak stumps as planting
Teak (Tectonagrandi§ a valuable timber is a materials. These stumps are obtained from
large deciduous tree of the family of Verbenapruning the upper stem portion and also roots
ceae. Teak thrives well in Ghana and has beeasf bare-rooted seedlings raised on seed beds
extensively planted in Ghana as an exotic tre€Smith, 1986).These stumps are examples of
species, in the moist and dry semi-deciduoubardwood stem cutting planting materials.
forests and the savannah woodlands. Teak idardwood stem cutting is one of the low cost
used extensively for timber, electricity and teleimeans of large-scale plant propagation (Erez
phone poles, fuelwood and other products. and Yablowitz, 1981). Stumps are also cheap to
prepare, not easily perishable and can be trans-
The establishment of teak plantations relieported over long distances (Hartmat al,
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1993). However, in most cases transport diffiameter, lifting period and their joint effect is
culties and other handling problems can delagrucial for the success of the plantation pro-
the planting of teak. The delay in planting ofgram in Ghana, especially for fuelwood, check-
stumps can also be caused by acute shortageinf§ erosion in hilly areas and other environ-
labour at the peak of planting of agriculturalmental amelioration programs for which scanty
crops particularly during weekends, taboo daysiformation exist. The evaluation of the nature
and funeral festival periods. Usually, the size obf the relationship between shoot biomass
teak stumps planted in Ghana range betweegrowth and period of delay of planting of teak
0.5 to 5.0 cm collar diameter, even though itsstumps help determine the extent to which de-
effects on growth has not been well establisheday in planting of uprooted and pruned teak
seedlings can affect their survival and growth
Several studies have indicated that the sprouperformance for specific seedling sizes.
ing and growth of stem cuttings are influenced
by large number of interacting factors formingThe main goal of this study is to contribute to
complex relationships. The rooting ability of the assessment of reduction in growth perform-
hardwood stumps depends on the carbohydratasce of teak stumps when there is delay in lift-
stored within their tissues (Leakey, 2004)ing and planting of the stumps and also the ex-
which are also positively correlated with thetent to which the loss in growth performance is
size of cuttings (Boatenet al, 2003). The de- affected by stump collar diameter. The specific
lay in lifting plant stocks for planting is injuri- objectives of the study were to investigate the
ous to good sprouting and growth of stumpslependence of the quantity of shoot biomass of
due to the stumps not being able to capture sdiéak stumps on root collar diameter and period
mineral water and nutrients for enhanced phoef delay in planting and determine the initial
tosynthesis and growth (Jenkinson, 1980). Therends in the number of shoots per plot over
sole dependence of these live stumps on thetime.
carbohydrates reserves for respiration and
maintenance imply that the net carbohydrates! ATERIALSAND METHODS
within their tissues decrease over time withouStudy Area
replenishment, which subsequently reduce theifhe study was carried out at the demonstration
rooting ability and growth. farm of the Faculty of Renewable Natural Re-
sources of Kwame Nkrumah University of Sci-
Low transplanting success and survival ofnce and Technology (KNUST), Kumasi. The
stumps is also due to excessive desiccation dusrea is located within the Moist Semi-
ing period between harvesting of stumps andeciduous South-east Subtype forest zone (Hall
planting period (Hartmamet al, 1997). There and Swaine,1981).The farm lies on longitude
are physiological differences in desiccation06° 43' N and latitude 01° 36" W. The mean
tolerance between species which affect the lifannual rainfall ranges between 1300 mm and
span of these stumps. Other important factor§600 mm while the mean daily temperature
also affect net water balance in stem cuttingeanges between 22.0° C and 31.1° C (Hall and
between harvesting and planting period includSwaine,1981). The soils belong to the Asuasi
ing transpiration rate, air temperature, sunlighseries, classified as foreSthrosols(Sarkodie-
intensity, relative humidity and degree of stumpAddo et al, 2006).
lignification (Hartmanet al, 1997; Englertet
al., 1993). The net water balance in stump®reparation and transplanting of planting
stored in the open air therefore decreases overaterials
time. The determination of the extent of de-Three hundredsix-month old teak seedlings
pendence of shoot biomass production andith root collar diameters in a category of 0.75
growth of teak stumps on seedling collar di<m, 1.5 cm and 2.75 cm were obtained from a
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watered seed bed of a nursery. The seedlingRESULTS

were then cut at a constant height of 10 cnNumber of teak shoots according to diame-
above root collar using a sharp medium-sizedier and lifting period

cutlass and a one-meter ruler. Two rectangularhe mean number of shoots per plot for various
blocks each containing 15 plots were used. Ostump diameters and lifting perioésshown in
each plot 10 teak stumps were transplanted atTaable 1. The mean number of shoots for each

spacing of 30 x 30 cm. of the 15 treatment combinations was calcu-
lated over 2 blocks and 8 weeks values. Stumps
Experimental Design of collar diameter of 2.75 cm had the highest

The randomised complete block desigmmean number of shoots per plot of 27.0 as com-
(RCBD) in a factorial split-plot experiment was pared to other stumps of different collar diame-
used. The main plot factors were collar diameters. Also stumps planted on the same day of
ter of seedling stumps (D) and period of delayprooting yielded the highest mean number of
in planting or lifting period (P). Time of data shoots per plot of 25.7, even though the period
collection (T) was used as sub-plot factor. Thef delay in planting was marginally significant
collar diameters of seedling stumps were 0.7at p < 0.1. Stumps of collar diameter of 2.75 cm
cm (D), 1.5 cm (B) and 2.75 cm (B). The and planted immediately after harvesting had
periods of delay in planting (P) werenBeks the largest number of shoots per plot of 33.8.
(Py), 1 week (B), 2 weeks (B), 3 weeks (B

and 4 weeks . To mimic the usual storage The mean number of shoots per plot follows a
practices by tree planters in Ghana, the stumpear relation with stump collar diameter with
were stored under the shade of scattered treesefficient of correlation (B being 99.8 %
and covered slightly with some dead leavegFig. 1).

before planting, except for immediate planting

(P,). The number of shoots on sprouted stumpStatistical analysis (ANOVA)

per plot were obtained and used as shoots bidhe analysis of variance (ANOVA) of split-plot

mass. experiment in randomized complete block de-
sign with collar diameter of stump (D) and pe-
DATA ANALYSIS riod of delay in planting (P) as the main-plot

SAS was used. Comparisons of means werefactors and time (T) o f assessment as sub-plot
based on Duncan’s multiple range test (gactor was used. The response variable meas-
<0.05). ured for each plot was the number of shoots per

Table 1: Comparisons of number of teak shoots per plot for different ssump diameters and
lifting periods

Collar diameter (D) Mean of P
treatments
Period of delay in planting 0.75cm 1.5cm 2.75¢cm
(D1 (D2 (D3)
0 weeks (P 22.5%¢ 20.9% 33.8% 25.7¢
1 week (B) 18.3%° 23.4%° 29.4° 23.7¢
2 weeks (B 16.42 23.1%° 22.6%¢ 20.7¢
3 weeks (B 18.1%° 21.4% 24.0° 21.2¢
4 weeks (B 18.2%° 19.9%° 25.4%° 21.1¢
Mean of D treatments 187 21.8Y 27.0%

Letters x, y and z have been used to compare caleans; letter g have been used to compare row snédso letters a,
b, c, d and e have been used to compare collaret@mand period of lifting of stumps cell means.
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plot at the end of every week over a period of significant at p< 0.05, all the other factors: col-
eight weeks. lar diameter, lifting period and collar diameter
interaction and time of data collection and also
The analysis of variancef the experiment on all the two factors and their interaction with
number of shoots per plot is indicated in Tabldime were significant for shoots. However, lift-
2. The ANOVA shows that apart from theing period was marginally significant (p<0.1).
block and lifting period effects which were notTherefore time, collar diameter and lifting pe-
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Fig. 1: Effect of collar diameter on mean number of shoots on teak stumps

Table 2: Analysis of variance for number of shoots per plot

Sour ces of Sum of Degr ees of Mean sum F-ratio
Variation Squares Freedom of squares

Blocks 22.207 1 22.207 0.285ns
Period (P) 902.794 4 225.699 2.902 ns
Diameter (D) 2844.361 2 1422.180 18.284**=
PD interaction 890.681 8 579.729 7.453*
Error (a) 1088.981 14 77.784

Whole plot 5749.023 29

Time (T) 1428.598 7 204.085 37.839**
PT interaction 395.006 28 97.371 18.054***
DT interaction 373.439 14 331.886 61.535%**
PDT interaction 261.519 56 126.721 23.495%**
Error (b) 566.313 105 5.393

Total 8773.898 239

Note: *** ** and * indicates significant at 0.1, % and 5 % level of significance respectively;ndic¢ates not significant.
Period (P) is marginally significant at (p< 10 %)
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X

riod and collar diameter interaction are veryy = . .
important factors influencing the shoot biomass ~ 0-0061x” + 0.001¢ x + 0.049Z
production of teak stumps.

R? =57.02 % and p<0.05 (1)
I nter dependence of number of shoots, lifting
period and collar diameter Equation (1) is an example of theciprocal
Figure 2 shows the mean number of shoots penodel(Meadet al, 1993) with an optimal level
plot as affected by lifting period and collar di-
ameter. The mean number of shoots per pland of a general form oy =
was highest for stumps of collar diameter of
2.75 cm and lowest for stumps of collar diamewherek, , k; andk; are constants was the best
ter of 0.75 cm over all periods of storage ofrelationship for fitting the mean number of
stumps. Collar diameter is linearly related toshoots per plot and time.
the number of shoots per plot with a negative
slope for stumps of both collar diameter of 0.75igure 3 shows the models for the trend of
cm and 2.75 cm. However, the relationshipnean shoots per plot for the time of assessment
between period of storage and mean number &r the three collar diameters of planted teak
shoot per plot for stumps of collar diameter ofstumps. Thaeciprocal modelwith an optimal
1.5 cm is quadratic and after 1.7 weeks of stoflevel is excellent in fitting the response curves
age of stumps the number of shoot per plot davith R? ranging between 48.71 % and 59.42 %.

X
2
k, + kyx +k,x

creases. The model for stumps with collar diameter of
2.75 cm peaks with the earliest time of 2.7
Trend analysis weeks with the highest mean maximum value

The relationship between the mean number a¥f 36 shoots per plot. Also, the model for

shoots per plot and time over an eight-weektumps with collar diameter of 0.75 cm peaks

period is shown by the equation: with the latest time of 3.2 weeks with the low-
est mean maximum value of 21.7 shoots per
plot.

y:—E.8813x+20.N I
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Fig. 2: Relationship between period of storage and mean num-
ber of shoots per plot for teak stumps of various collar diame-
ters (D1, D2 and D3)
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Fig. 3: Mean number of shoots on teak stumps per plot over time
as affected by collar diameter (D).

Figure 4 shows the trend of mean number dinearly with increasing period of delay in
shoots per plot with time for the five periods ofplanting. The respective number of shoots per
delay in planting of teak stumps. Thecipro- plot for immediate, 1 week, 2 weeks, 3 weeks
cal modelwith an optimal level is also very and 4 weeks of delay in planting were 32.2,
good in fitting the response curves. The mode80.1, 27.4, 24.7 and 24.2. The resultant model
fittings were suitable to the data with Ralues for predicting the maximum number of shoots
of the models fit of the curves ranging betweemer plot ) from period of delay in plantind?}
54.28 % and 73.88 %. The peak levels of maxiisy = 31.988 - 2.132P (2)
mum mean number of shoots per plot decreasehere R* = 96.62 % andb < 0.05

35

P1

. N
Ps

. I

Mean number of shoats

o 2 ) =1 8 10
Time (wWeeks)

Fig. 4. Mean number of shoots on teak stumps for various peri-
ods (P) of storage during planting of the ssumps over eight weeks

Journal of Science and Technology © KNUST Decemi2ér11



Effect of Collar Diameter... 27

From Equation (2) when the storage period iproportional to the cuttings’ carbohydrate re-
15 weeks, there is no biomass shoot productioserves and the degree of lignification or the
amount of woodiness also correlates positively
DISCUSSION with collar diameter of the stumps (Hartmetn
The quantity of photosynthate, principally inal., 1993). Consequently, for a specific species
the form of carbohydrate reserves, in a stumpuch as teak larger stumps of collar diameter of
exerts great influence in the propagation of th.75 cm have longer successful storage dura-
stump and the subsequent shoots biomass priien and will produce higher shoots biomass
duction (Boatenget al, 2003). Carbohydrates than stumps with smaller collar diameter of
reserves are positively correlated with the siz€.75 cm (Fig. 3).
of cuttings (Boatenget al, 2003). Thus small
stumps have insufficient carbohydrate reservehe reduction of ability of stumps to produce
needed to enhance sprouting and nourish develppreciable amount of biomass due to delay in
oping shoots and roots. Therefore, the relativelplanting is of much concern to tree growers.
high number of shoots for stumps of collar di-The period of delay in planting of stumps may
ameter 2.75 cm could be due to large amount @fffect cutting quality by reducing rooting ca-
carbohydrate reserves (Table 1 and Fig. 1).  pacity (Hartmanet al, 1993). Smith (1986)
also observed that stumps quickly lose capacity
Respiration rate per gram of dry matter deto root when planting of the stumps is delayed
creases linearly with increasing degree oflue to squandering of water and carbohydrates
stump lignification or level of woodiness of the especially when the air is dry and warm. The
stumps (Leakey, 2004). The decrease in respiesults in Table 1 and Fig. 1 in which teak
ration is due to the presence of high amount aftumps stored for longer period produce lower
non-respiring lignified tissues with low pres-number of shoots conform to Hartmanh al
ence of nitrogen. Carbohydrate has less influg1993)’s observation. According to Hartmah
ence on sprouting and rooting of the stumpal. (1993), low survival of stumps is due mainly
than nitrogen as reported by Hartmahal, to excessive desiccation during post-production
(1993). Therefore, small-sized stumps of 0.7%andling. Other important factors which cause
cm collar diameter have greater overall rate ofleterioration in the capability of stumps for
respiration than large-sized stumps of 2.75 cmarious collar diameters to produce shoots in
collar diameter (Leakey, 2004). Thus smallthe tropics include high air temperatures, high
sized stumps have smaller net positive carboinradiance and low relative humidity (Hartman
balance than Ilarge-sized stumps (Leakeyt al, 1993). These factors combine to cause
2004). The trend is reflected in the significantlydewilting of the stumps stored in open air with
higher number of shoots per plot for large-sizedhin debris cover over several weeks. For in-
stumps than for smaller stumps. The resultstance, cuttings which have not rooted are par-
from the study also conform to observationgdicularly vulnerable to water stress since rehy-
from several studies (Limpiyaprapapt al, dration of the tissues is very difficult (Hartman
1996; Wanget al, 1997; and Palanisamy andet al, 1993). Cuttings which are affected by
Kumar, 1997). drought due to delay in planting are also prone
to pathogen attacks, disease and pest problems
If stumps are not planted early they progresteading to reduction in rooting and subse-
sively deplete their carbohydrate reserves ovequently low production of shoot biomass
time due to maintenance and respiration. AcfRajagopal and Andersen, 1980).
cording to Hartmaret al (1993), for a specific
species, effective storage of seedling cutting®ne of the important reasons hampering the
varies from few days to several months. Sucrooting and shoot biomass production of
cessful storage of seedling cuttings is directlystumps when the stumps are not planted early is
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also lack of supply of essential soil resourcegroviding land and support. We appreciate the

including dissolved salts, carbon dioxide, min-assistance of field measurements of the work

eral elements and water needed to produce hidgly Mr Joseph Owusu.

amounts of photosynthates to increase carbohy-

drates reserves in the stumps over tim&EFERENCES
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