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2.3. DETAILS OF THE WORKS CARRIED OUT
2.3.1. Acacia nilotica

2.3.1.1. Pod collectio:n and seed extraction

Pods were collected during 1999 and 2000 from Kottathara (Seed zone
KIL-3, Sub-zone Palakkad). The mature grey coloured pods were collected from
the tree by manual shaking using a long pele with a hook. The pods were

collected in polythene bags and traﬁsported to the laboratory on the same day.
Experiment 1: Pod dehiscence and extraction of seeds

The following six treatments were employed: .
~ T1: Air-drying in the laboratory for 48 hours
T2: Oven-drying at 35°C for 48 hours
T3: Oven-drying of water sprayed pods at 35°C for 48 hours
T4: Oven-drying at 45°C for 48 hours
T5: Oven—dfying of water sprayed pods at 45°C for 48 hours
T6: Oven-drying of water sprayed pods at 45°C for 24 hours and repeating

this process of water spray and drying once again.

Germination studies were carried oul using the seeds extracted by the above

methods.
Experiment 2: Seed extraction using seed scarifier

Pods were oven-dried at 43°C for 4 hours and seeds exiracted in an
electricaly operated seed scarifier (Agrosaw sample seed scarifier) the drum of
which has sand paper. The scarifier was worked for 2 to 3 minutes. The seeds
were separated from the chaff using a 5 mm sieve. Extracted seeds were

examined for sound and damaged ones and the pods for unreleased seeds.
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Pod and seed characteristics

Pods collected from different localities (Kottathara, Meenakshipuram,

Walayar and Palakkad) of the Sub-zone Palakkad of Zone KL-2 in 1999 April

were measured for length, width, number of locules and sound seeds per pod, as

well as percentage of deformed and discoloured seeds.

Seed dimensions such as length, width, thickness, and seed weight were
also determined. After extraction, sound seeds were selected and the insect-
attacked and empty seeds were discarded. For- experiments on drying, seed
extraction and pre-treatments, seeds collected from Kottathara (Zone- KL-3, Sub-

zone Palakkad) were utilised.
2.3.1.2. Method of drying and processing

Pod samples were sun-dried for 28-32°C and oven-dried at 45°C and the
time when the pods became brittle enough for extraction using a seed scarifier
was noted. Each of the treatments had 800 g of pods in four replicates of 44-56
pods. Pods were examined for dryness periodically until they became completely |
dry. Moisture content (MC%) of pods after sun-drying and oven-drying were
determined foilowing Willan (1985).

Seeds from pods dried by both the drying methods were extracted using a
seed scarifier. Weight and number of seeds obtained from one kg of pods were

recorded. Extracted seeds were grouped into sound, damaged and seeds in pod

pieces.
2.3.1.3. Method of pod drying and pre-sowing seed treatments

Experiment 1: Pods were sun-dried (T1) and oven-dried at 45°C for 2 days (T2)
and seeds exiracied using a seed scarifier. Percent moisture content (MC%) of
seeds, after drying was determined. Extracted seeds were subjected to pre-sowing
treatments such as soé.king in boiled water for 5 minutes (T'1) and scarifying with
“conc. sulphuric acid for 1 hour followed by soaking in 0.2% KNO; fdr 5 minutes
(T2). Untreaied seeds served as control. (T3). For each test, a total of 400 seeds in

four replicates were sown in rolled germination towels, which were kept in



beakers containing water in the laboratory condition. Germination was recorded
for 20 days.

Experiment 2: Seasd samples were sun-dried (T1) for 2 days, cven-dried (T2) for
two days, and dried in well-lit ventilated room (T3) for 2 days. Seeds were
extracted using a motorised seed scarifier as mentioned earlier. Moisture content
percentage (MC%) of seeds obtained by different methods was determined. Seeds
* were pre-treated with conc. H,SO4 (T2) for one hour and washed well aﬁd soaked
in 0.2% KNO; (100 ml/100 seeds) solution for 5 minutes, A total of 200 seeds,
equally distributed, in four replicates, were sown for each test in roiléd

germination towels and germination was recorded for 20 days.
2.3.1.4. Media and germination

Pods were oven-dried at 45°C for 4 hours and seeds extracted using a seed
scarifier, Extracted seeds were subjected to conc. Hy SOq4 (98%) treatment for 10
(T1), 20 (T2), 30 (T3) and 40 (T4) minutes and also in boiled water for 5-10
minutes (T5). The seeds were sown in rolled towel (M1) and quartz sand (M2) of
0.05mm-0.8mm size following ISTA rule (1993). The rolled towel was kept in
beakers filled with water in the laboratory condition. Sand was taken in plastic
germination trays and maintained in the nursery. Each treatment had 45 seeds in
3 replicates. Moisture percentage of seeds at the time of sowing was determined
following ISTA (1993). Germination was noted daily for 25 days. After 25 days,

ungerminated seeds were examined for soundness.
2.3.1.5. Light and germination

Pods were sun-dried and the seeds extracted. Seeds were pre-treated with
conc. Hiy SOy (T2) for one hour and soaked in KNO; 0.2% for 5 minutes. The
seeds were kept for germination in a nursery shed, with transiucent roof at
various light conditions viz., full (L1), partial (L2) and nil (zero) (L3). Light
incident on germinating seeds were measured in terms of photosyntheti-cai]y
active radiation (PAR) using light sensor. Seeds were sown on moistened
germination paper placed in trays. Full light was provided by covering the tray
with fransparent polvihene sheet of 150 gauge. Partial light was provided by

covering a translucent polythene sheet and total darkness was provided by

bl



covering with black polythene sheet. Four replicates each with 50 seeds were
taken for the test. Germination was noted for 20 days. After 20 days,

ungenminated seeds were examined for soundness.
2.3.1.6. Pre-sowing treatment and germination

Test No. 1: Seeds were extracted manually 40 days after collection. Extracted
seeds were subjected to the following pre-sowing treatments viz., HaSOq4 (95%)
for 5 minutes (T1}, H>SO4 for 10 minutes (T2), H;SO, for 30 minutes (T3), hot
water (80°C) for 5 minutes (T4), boiled water for 3 minutes (T5) and soaking in
tap water for 48 hours (T6); untreated seeds (T7) served as control. Completely
randomized design was followed for the experiment. For each treatment a total of
100 seeds in 4 replicates were taken in rolled germination towel. Rolled towels
were kept in beakers containing water in laboratory condition. Germination was

recorded for 20 days.

Test No. 2: Seeds exfracted from pods, which were stored for 125 days, were
subjected to the following pre—treatm.ents.
T1. KNO; (0.2%):
Seeds were soaked in KNO; (0.2%) solution for 5 minutes (500 mi of
0.2% KNO3 was used for saturating the germination paper at the
beginning of the test and distilled water was Added thereafter for
moistening)
T2. GA; (0.05%):
Seeds were soaked in GA; (0.05%) solution for 5 minutes (400 ml of
0.05% GA; was used for saturating the germination paper at the
beginning -of the test and distilled water was added thereafter for
moistening). | |
T3: Soaking in thiourea (2%) for 12 hours
T4: Soaking in water for 48 hours
T5: H,S0, treatment for 30 minuies
Té6: Boiled water treatment for 3 hours

T7: Boiled water for 3 minutes



TR:

Boiled water treatment + KNQj (0.2%)

Boiled water treated seeds were kept in germination paper saturated

with 500 ml of 0.2 % KNO:. Distilled water was added thereafter for

moistening;

T9: Boiled water treatment (3 minutes) + GA3 (0.05%)

Boiled water treated seeds were kept in germination paper saturated

~ with 500 ml of 0.05% GA;. Distilled water was added thereafter for

moistening

T10: Soaking of boiled water treated seeds in Thiourea (2%) for 12 hours

T11: Untreated seeds (control).

For centrol and treatments T1 to T7 a total of 100 seeds in 4 replicates
were used. For treatments T8 to T10, 92 seeds in 4 replicates were
used. The moisture percentage of seeds at the time of sowing was 16.7.
Seeds were sown in rolled germination towels and kept in beakers
confaining water in the laboratory condition. -Germination was

recorded everyday for 20 days.

Test No. 3: Seeds procured from Institute of Forest Genetics and Tree Breeding

(IFGTB), Coimbatore in January 2000 were subjected to the following pre-

sowing treatments.

T1:
T2:
T3:
T4:
T5:
Té:

T7:

T8:

H, SO, treatment for 30 minutes

H; SO, treatment for 1hour

Hot water treatment for 5 minutes

Boiled water treatment for Sminutes

Soaking in KNO; (0.2%, 100m1/100 seeds} solution for 5 minutes

H280, treatment for 30 minutes followed by soakmg in KNQO; {0.2%,

100ml/100 seeds) solution for 5 mmutes

H,SO, treatment for one hour followed by soaking in KNO; (0.2%,

100ml/ 100 seeds) solution for 5 minutes

Soaking in water for 48 hours

-1



T9: Untreated seeds (coﬁtrol).

Completely randomized design was followed for the experiment. A total
of 400 seeds were taken for each test in 4 replicates. Seeds were sown in
vermiculite and kept in the nursery condition. Germination was recorded for 23

days. Ungerminated seeds were examined for soundness.

Test No. 4: Pods were air-dried and seeds were extracted using a seed scarifier.

Extracted seeds were subjected to the following pre-sowing treatments.
Tl:' H,S0O, (98%) treatment for lhour (control); Seeds treated with H.SO;
for 1Thour were subjected to the following pre-sowing treatments
T2: Soaked in KNO; (0.2%, 100ml/100 seeds) solution for 5 minutes
- T3: Soaked in KNO; (0.2%, IOCmU 100 seeds) solution for 15 minutes
T4: Soaked in KNO; (0.2%, 100mi/100 seeds) séiution for 25 minutes
For each test a total of 200 seeds were taken in 4 replicates. Seeds were
sown in moistened germination towel. Rolled disks were placed in
beakers containing water in laboratory condition. Germination was
recorded for 22 days. Ungerminated seeds were examined for soundness
by cutting test.
Test No. 5: Seeds were extracted from air-dried pods using a seed scarifier. Seeds
were Ereated with Hz SO, (98%) for one hour and subjected to the following pre-
sowing treatments
T1: Soaked in KNO; 0.2% (100 ml/100 seeds) soiution for 5 minutes
(control)
T2: Soaked in KNO; 0.4% (100 mI/100 seeds) séluﬁon for 5 minutes
T3:. Soaked in KNO; 0.6% (100 ml/100 seeds) solution for 5 minutes
T4: Soaked in KNO; 0.8% (100 ml/100 seeds) solution for 5 minutes
T5: Soaked in KNO; 1% (100 ml/100 seeds) solution for 5 minutes
The experiment was laid out in completely randomized design using 200
seeds equally distributed in 4 replicates. Seeds were sown in moistened

germination towel, Rolled towels were placed in beakers containing water in



laboratory condition. Germination was noted for 22 days. Ungerminated seeds

were analysed.

Test No. 6: Seeds were extracted from sun—dried pods using a seed scarifier and
subjected to the following pre-sowing treatments:
T1: H;S80; treatment for lhour;

T2: HaSOq treatment for 1 hour followed by soaking in KNO; (O 2%,

100m1/100 seeds) solutxon for 5 minutes;

T3: H;SO04 treatment for I hour followed by soaking in thiourea (2%,

100 ml/100 seeds) solution for 5 minutes.

For each test, a fotal of 200 seeds were taken in 4 replicates. Sceds were
sowil in moistened germination towel. Rolled towels were placed in beakers

containing water-in laboratory condition. Germination was recorded for 22 days.
2.3.2. Albizia lebbeck

2.3.2.1. Pod collection and seed extraction .

Mature pods were collected from the trees with a long pole fixed with a
hook. The pods were collected in gunny bags and transported to the laboratory

one day after collection. Pods were collected in the years 1998 and 1999,
For the dehiscence and extraction of seeds five different methods were followed.

El: Air-drying in the laboratory for 48 hours
E2: Oven-drying at 35°C for 48 hours
E3: Oven-drying at 45°C for 48 hours
E4: Oven-drying of water sprayed pods at 45°C for 48 hours

E5: Oven-drying of water sprayed pods at 45°C for 24 hours and this
process repeated for 24 hours

Pods were dried in aluminum trays under the above conditions. After the
drying period, the pods were observed for complete, partial and lack of
dehiscence. In complete_dehiscence, the pods split open along sutures and
released seeds from the pod; in some cases seeds remained attached. In partial

dehiscence the pods split open along one of the two sutures facilitating the



removal of the seeds. The percentage moisture content of seeds soon afier

dehiscence was measured by following the procedure described in Willan (1985).
2.3.2.2. Method of extraction and germination

The seeds extracted by different methods were tested for germination on
paper substrate (rolled towel method), after treating the seeds with conc. H,SO.
for 25 minutes, and boiled water for 10 minutes. The experiment followed
completely randomized design with 400 seeds equally distributed in 4 replicates,
except for the extraction method E2 and ES. For E2 and ES there was a shortage
of seeds and therefore 48 seeds were used in 4 replicates. Germination was noted

everyday for 20 days.
Pod characteristics

Pod length, width, number of sound seeds per pod and pods per kg of

different samples collected from different locations were determined.

Seed characteristics

Seed length, width, thickness and number of seeds per kg and per litre as
well as percentage of sound seeds was determined using the seeds collected from

different locations. Weight of 1000 seeds was also determined.
2.3.2.3. Pre-sowing treatment and germination

Test No. 1: Mature pods were collected from a single tree during the year 1998
from Olamattom (Seed zone K1.-2, Sub-zone Munnar). Pods were sun-doed and
seeds. were extracted. Seeds were subjected to three pre- sowing treatments viz.,
conc. H,SO, treatment for 30 minutes (T1), hot water treatment for 5-10 minutes
(T2), mechanical scarification and nicking with a needle (T3); untreated seeds
(T4) served as control.

For each treatment, a total of 100 seeds were taken in 4 replicates and

sown in germination towels. Rolled towels were kept in beakers containing water

in the laboratory conditior. Germination was noted for 20 days.

Test No. 2: The pods were collected from Kuzhalmandam from a single tree

(Seed zone KIL-3, Sub-zene Falakkad) during the last week of January1999. Seads



were extracted from pods manually and they were subjected to conc. H,SO,
treatment for different periods viz., 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 and 60
minutes (T1 to T12) with an interval of 5 minutes. After the pre-sowing treatment,
the seeds were washed well in tap water and kept for germination in rolled
germination towels. Rolled towels were vertically placed in beakers containing
. water in the ]aboratory conditicn. For each test, 100 seeds were taken in 4
replicates. Germination was noted for 25 days. Percentage of seedlings with

primary leaves was also counted for 25 days.
2.3.2.4. Effect of source and pre-sowing treatment on germination

‘Test No. 1: Pods were coilected from four different sources (Olamattom,
- Pottithanni, Chandranagar and Kuzhalmandam), during the different periods of
the same harvesting season in the year 1998. Seeds were extracted from pods
manually by breaking the pods open. Seeds were kept for germination without
any pre-sowing treaiment. For each test 100 seeds were taken in four replicates.
" Seeds were sown in rolled germination towels and kept in beakers containing

water in the laboratory condition. Germination was noted for 15 days.

Test No. 2: After three months storage, the above seedlogs were subjected to
various pre- sowfng treatments, viz., boiled water treatment for 5-10 minutes (T1)
and conc. H,S0,; 95% (T2) for 10-15 minutes. Sulphuric acid treated seeds were
washed and soaked in water for lhour; untreated (T3) seeds served as control. For
each treatment, 100 seeds in 4 replicates were taken. Seeds were sown in rolled
germination towels and kept in beaker containing water in the Iaboratory

condition. Germination was recorded for 15 days.

2.3.2.5. Media and germination

Pods were collected during tite year 1999 from Kuzhalmandam (Seed zone
KL-3, Sub-zone Palakkad) during the last week of February 1999. Seeds were
.extracted from pods manualily znd sown on different media viz., top of paper
(M1), between paper (M2), rolled towel (M3), quartz sand (M4) and vermiculite
(M5) (ISTA, 1993). The experiment was conducted using untreated seeds (T1)

and also seeds treated with con. H-SO, for 25 minutes (T2) f"ollowing completely



randomized design. Each treatrnents combination had 400 seeds equally

distributed in four replicates.
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aluminium trays (30 x 30cm) covered with transparent polythene sheet. The

medium was maintained moist by spraying water.

M2. Between paper: Germination paper was kept on inveried tray kept in a larger
tray containing water. The germination towe] was kepi hanging into the water to
facilitate water absorption. Seeds were sown on the paper and covered fully by
another moistened germination paper, which extended in to the water in the tray.

The whole set up was covered with polythene sheet to reduce the moisture loss.

M3, Rolled towel: Seeds were sown in germination towels, rolled and kept in

beakers containing water. Towels were further rolled in polythene sheet.

M4. Quartz sand: Quartz sand 0.05 mm-0.8 mm as mentioned in ISTA rules,
{1993) was taken in plastic germination trays and moistened to 50% of its water

ietention capacity.

MS. Vermiculite: Vermiculite was taken in plastic germination trays and

moistened to 50% of its water retention capacity.

All the germination media were kept in the nursery condition {(under
translucent roof). In each media, treated as well as untreated seeds were sown.
The experiment followed completely randomized design. For each treatment 400

* seeds were taken in 4 replicates. Germination was recorded for 20 days.
2.3.2.6. Effect of different source and media on germination

Pods were collected from 11 different sources viz., 51 (Kuzhalmandam-
KAl-1}, 82 (Kuzhalmandam-itAl-3a). S3 (Kuzhalmandam-KAl-3b), S4 |
(Kuzhalmandam-KAl-4), S5 (Karimutty-KAI-10) S6 (Champakl;ac_fl_-CAI-M) 57
(Pottithanni-PAl-1), S8 (Kotmthara-KAl-1) 89_ (Kottathara-KAl-2) S10
(Meenaksipuram-MAIl-1) and 811 (Meenaksipuram-MAI-2) -during different
penods of the same harvesting season. Seeds were pre-treated with con. H.SO,
for 25 minutes (T2). Both treated and unireared (T1) seeds were kept for
germination. For each test 400 seeds were taken in 4 replicates. Percent moisture

12



content of seeds was also noted following the procedure described in Willan,
(1985). Seeds were sown in rolled towel MDD and-kept in beakers containing
water in the laboratofy condition. Seeds were also sown in quartz sand (M2).
Quartz sand was used according ISTA rules (1993). Sand was‘weﬁed to 50% of
its water retention capacity. Germination was noted for 20 days. Emergence of

first pair 6f leaves was the germination criterion.
2.3.2.7. Effect of ight on germination

Pods were collected from two different sources, (Source-1) Champakkad

(Seed zone KL-2, Sub-zone-Munnar) and (Source-2) Kuzhalmandam (Seed zone
KL-3, Sub-zone 'Paiakkad} during the year 1999 March, February respectively.
~-Seeds were extracted manually. Seeds were pre- treated with con. HoSO4 (T1) for
25 minutes. Untreated (T2) seeds were also kept for germination. Seeds were
sown on t'op of paper kept in trays (30 ¢m x 30 cm) and kept in nursery conditions
providing different light conditions viz., full (L1), partial (L2) and nil (L3). Full
light was provided by covering the trays with transparent polythene sheet. Light
itensity in terms of PAR was measured. Partial light was provided by covering
the trays with translucent polythene sheet. Nil light condition was provided by

-covering with black polythene sheet.

"All the experiments were carried out in nursery {translucent roof)
condition. For each test a total of 400 seeds were taken in 4 replicates.

Germination was noted every day for 20 days.



2.3.3. Dalbergia sissoides

2.3.3.1. Pod collection and seed extraction

~Test No. 1: Pods were collected in the years 1999 and 2000. They were collectéd
in cotton bags and transported to the laboratory on the same day. For the

dehiscence and extraction of seeds the following experiments were done.
Test No.1: For the dehiscence, the pods were dried in the following methods.
T1: Air-drying in laboratory fof 48 hours
T2: Oven-drying at 35°C for 48 hours
T3: Oven-drying at 45°C for 48 hours |
T4 O\}en-drying of water sprayed pods at 45°C for 48 ho_urs

T5: Oven-drying of water sprayed pods at 45°C for 24 hours and repeating
this process for another 24 hours

T6. Oven-drying at 50°C till the pods became brittle

Test No. 2: The following treatments were given to the pods and sees extracted

using a seed scarifier.
T1: Air-drying for 2 days
T2: Oven-drying at 35°C for 48 hours
T3: Oven-drying at 45°C for 48 hours
T4: Oven-drying of water sprayed pods at 45°C for 48 hours

T5: Oven-drying of water spraved pods at 45°C for 24 hours and repeating

this process for another 24hours
T6. Oven-drying at 50°C till the pods became briitle

~ Test No. 3: Extraction using a metal grating: Brittle pods were dried by sun
and oven-drying methods and rubbed on a metal grating prepared out of
galvanised iron sheet. Percentage of seeds released by this method was

determined.

Test No. 4: Extraction using a motorised seed scarifier: Freshly collecied sods

(D1).as well as pods dried at 50°C (D2) for three hours were subjected to
id



extraction using a seed scarifier. The drum of the machine had a lining with sand .
paper. The pods were put into the drum and the machine was worked on for 1 to
1.5 minutes. For both the drying methods 200-300 g pods were taken in three
replicates for each locality. After extraction, the sample was analysed for sound,

damaged and unreleased seeds.
Method of extraction and seed purity

Purity percentage of the seeds extracted using metal sieve and seed

scarifier were determined by the procedures given in ISTA (1993).
Pod and seed characteristics

Pod lengih, width, thickness, number of seeds per ped and pods per kg as
— well as-seed length, width, thickness, seeds per kg and weight of 1000 seeds

(ISTA, 1993) were determined for samples collected from different localities.
2.3.2.2. Methods of drying and germination

Pods were collected in the year 2000 February from different localities (Seed
zone KL-3, Sub-zone Palakkad). Seeds were extracted from one sample of pods
soon after collection (E1). Other sample was dried in oven (50°C) for 3-4 hours
(E2). in both cases, seeds were extracted using a seed scarifier. Extracted seeds
were kept for germination in rolled towel and placed in beakers containing water
in laboratory condition. A total of 400 seeds in 4 replicates Were used for the test.

Germination was noted every day for 6 days. ‘
2.3.3.3. Germination of seeds with pods intact and after extraction

Pods were collected in the year 1999 from Dhoni (Seed zone KL-3, Sub-
zone Palakkad) and Wayanad (Seed zone KL-3, Sub-zone Wayanad). Entire pod,
pod pieces and seeds were kept for germination in rolled towel and kept in _
beakeafs containing water in laboratory condition. A total of 100 entire pods were
taken in 4 replicates, a total of 400 pod pieces and 400 seeds were taken in 4

replicates for the test. Germination was recorded for 15 days.



2.3.3.4. Locality and germination

Pods were collected in the year 2000 from different localities (Sholayur,
Panthanthode and Peruvaripallam) of Seed zone KL-3 and Sub-zone Palakkad.
Seeds were extracted uéing a seed scarifier. They were sown in rolled towel and
kept in beakers containing water in laboratory condition. A total of 400 seeds in 4

rei)—licates were taken for each test. Germination was noted for 10 days.
2.3.3.5. Media and germination

Pods were collected in the year 2000 from thrée different localities (L1:
.. Panthanthode, L2: Peruvaripallam and L3: Sholayur) of Seed zone KL-3 and Sub-
zone Palakkad. Seeds were extracted using a seed scarifier. They were kept for
germination in different media viz., top of paper (M), between paper (M2),
rolled towel (M3), sand (M4) and vermiculite (MS_) in laberatory condition. A

total of 400 seeds in 4 replicates were taken for each test. Germination was noted

for 10 days.
2.3.3.6. Light and germination

Test No. 1: Pods were collected in 2600 from Sholayur and Panthanthode (Seed
zone KL-3, Sub-zone Palakkad) from single trees. Seeds were extracted using
seed scarifier. They were kept for germination in nursery as well as in laboratory
at different light conditions viz., partial (L1) and zero light (L.2).  Germination

- was noted for 10 days.

Test No. 2: Pods were collected in the year 2000 from Pantﬁanthode (Seed zone
K1-3, Sub-zone Palakkad). Pods were collected from a single tree (Source 1) and
pods collected from two trees were mixed {Source 2). Seeds were extracted using
a seed scarifier and kept for germination in nursery under different light
conditions viz., full (L1), partial (L2) and nil {zero) (L3). Seeds were sown on
moistened germination paper kept in trays. Full light was provided by transparent
polythene sheet, partial light by transhicent polythene sheet and zero light by
black polythene sheet. For each test, 400 seeds in 4 replicates were used.

Germination was noted for 10 days.
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2.3.3.7. Effect of seed size on germination

Pods were collected from Kuppadi (Seed zone KL-3, Sub-zone Wayanad)
during the last week of February 1999 and seeds were exiracted manuaiiy. Seeds
were grouped into three categories viz., small (S1), large (S2) and deformed (S3).
Moisture content and weight of 400 seeds small and large seeds were determined.
A total of 400 small as well as large seeds were kept for germination in four
replicates, while all deformed seeds were kept for germination together. After
sowing the seeds rolled towels were placed in beakers comtaining water in the

laboratory condition. Germination was noted for 12 days.
2.3.4. Neolamarckia cadamba

© 2.3.4.1. Fruit collection and processing

Yellow mature fruits were collected during 1998 and 1999 from
Kanimangalam (Seed zone KL-2, Sub-zone Malayattur. Fruits were collected
from small trees by manual shaking the trees, mostly from ground. Fruits were
collected in gunny bags and polythene bags and transported to the laboratory
within two days after collection. Fruits were divided into three lots. First lot was
kept for sun-drying, second group for oven-drying and the third lot was allowed to
rot for 3-4 days. Sun-dried and oven-dried fruits with brittle capsules were rubbed
on a metal grater and the released seeds were separated by sieving through a 0.5
mm mesh (Chacko, 1981). Rotten fruits were crushed in water and seeds were
separated from the slurry by repeated decantation. Slurry wa.s sun-dried and pure

seeds were separated using a 0.5 mm sieve.

Fruit characteristics

Fruit length and diameter were determined using vernier calipers, and the
number of capsules per fruit was determined by detaching the capsules from
single fruits and counting. Number of seeds per capsule was determined by taking
out the seeds from capsules and air-drying. Capéule length, capsule width,
peduncie diameter and weight of seeds obtained from 1 kg fruit after different
methods of extraction were determined. For each test & 1o 10 samples were used

in 2 to 3 replicates.



Seed _characteristics

Seed dimensions such as seed length and seed width were determined with

<L, Lale AT - R, W, : A+ U Tarrae £ £ygmm ot
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500-+). Weight of 1000 seeds (ISTA, 1993) and seeds per kg were determined.

alid

o

2.3.4.2. Method of extraction and germination

Fruits collected from Dhoni (Seed zone KL-3, Sub-zone Palakkad) natural
fofest during the first week of November 1998, were subjected to three different
methods of extraction viz., sun-drying (E1), oven-drying (E2) and wet methods
(E3). '

El. Sun-drying: In this method, the fruits were sun-dried till the capsules became
* brittle. Dried fruits were rubbed on a metal grater. Fruits broke into small pieces
releasing segq;g___f'rgﬂn};the capsules. Chaff was removed by winnowiﬁg and seeds

sieved through a sieve of 0.5 mm mesh size.

E2. Oven-drying: Fruits were oven-dried at 50°C till they became brittle. From

dried fruits, seeds were extracted as in sun-drying.

E3. Wet method: Fruits were kept in trays and allowed to rot for 2-3 days, the
rotten fruits were crushed with hands in a bucket of water. The floater and sinker
seeds were separated by filtering through filter paper. The seeds were sun-dried.

Chaff was removed by winnowing.

Seeds_, were sown on three different media viz., roiled towel (M1),
polyurethane sheet (M2) and sand (M3). Rolled towel was saturated with distilled
water. Polyurethane sheet was completely wetted with water by squeézing out the
air. Quartz sand of size 0.05 mm-0.8 mm was used according to ISTA rules 1993.

Sand was saturated with. 50% of its water retention capacity.

The experiment was conducted in the laboratory condition. For each test a
total of 800 seeds were used in 4 replicates. Germination was noted every day for

45 days.
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2.4.2.3. Seed moisture content and purity

Seed moisture content and purity percentage was determined in

PR NN

2.4.2.4. Effect of season of collection and media on germination

Fruits were collected during three periods of the same harvesting season
(September, October and November) from a single tree from Dhoni natural forest
(Seed zone KL-3, Sub-zone Palakkad) during the year 1998. Fruits were allowéd
to sun-dry until they became brittle for extraction using a metal sieve. Extractéd
séeds were sown on different media viz., rolled towei (M1}, polyurethane sheet
(M2) and sand (M3). Paper substrate was saturated with distiiled water and kept
"in beakers cbnfaining water in laboratory condition. Polyurethane sheet was
completely wetted with water by squeezing out the air. Sand was used according
to ISTA rules. Sand was wetted to 50% of its water retention capacity. The latter
 two media v‘vere kept in -th'e‘nursery condition. For each test 800 seeds were taken

in 4 replicates. Germination was noted everyday for 45 days.
2.3.4.5. Light and germination

- Freshly fallen fruits were coilected from Nellikkuthu (Seed zone KL-3,
Sub zone - Nilambur) during the first week of September 1999 and were
transported to laboratory and heaped were left for 4 days for partial rotting. The
partially rotten fruits were squeezed with hands in water and seeds extracted were

separated by decantation and filtering. The seeds were air-dried.

The seeds were sown in Petri-dishes maintained at three light conditions
viz., full light (L1), partial light (L2} and zero light (L3). Covering the Petri-
dishes with black polythene sheet provided zero light condition white polythene
sheet provided partial light condition and glass Petri-dishes without any covering
admitted full light. Simple random design was followed for the experiment. Each
treatment had 800 seeds with 200 seeds in each of the 4 replicates. The
experiment was conducted both in the laboratory {(£1) and nursery (E2). Seed

genninatioh was noted every day for 45 days.



2.3.4.6. Fruit colour and germination

Freshly fallen fruits were collected from Dhoni (Seed zone KI-3, Sub-
zone Palakkad) narural forest during the third week of August 1999. Fruits were
grquped into different categories viz., very light green (Ci), light green (C2),
cactus green (C3), greenish yellow (C4), golden yellow (C5) and yellowish brown
(C6). Seeds were extracted by squeezing the capsules. Colour of the seeds was
also noted. Seeds were air-dried at room temperature for an hour and samples of
four repliéates of 200 seeds were taken for germination on polyurethane sheet of
27 x 27 cm saturated with tap water and placed in trays (30cm x 30cm). The
polythene sheef was rmaintained moist. Seedling emergence was noted for 45

days.
2.3.5. Tectona grandis

2.3.5.1. Fruit collection and processing

Fruits were collected in the years 1998 and 1999. Mature fruits were
harvested from the trees by shaking the branches using a long pole fitted with a
hook. Drupes were allowed to fail on plastic sheets spread around the tree. The
ground was swept clean before collection. Fruits were collected in jute bags and
were transported to the laboratory one day after collection. The calyx was

removed by half-filling a bag and vigorously shaking and rubbing.
Fruit characteristics

Fruit dimensions such as thickness and diameter with calyx and without
calyx, number of locules, number of sound seeds per fruit and number of empty
locules per fruit were determined by cutting test. Percentage of sound seeds in a
sample, number of seeds per kilogram, seeds per litre and weight of 1000 seeds

were determined.
2.3.5.2. Influence of sub-zone and tree variation on germination

Fruits were collected in the vear 1998 from single trees in three different
Sub-zones (Konni, Munnar, Nilambur and Palakkad). Seeds were cleaned off

calyx and kept for germination in vermiculizs medivm. Four hundred seeds were
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taken in 4 replicates in each test. Experiment was kept in the nursery shed

provided with translucent roof. Germination was noted every day for 45 days.

-~

2.3.5.3. Source variation and germination

Seeds collected durihg 1998-99 from five different areas in Kerala were
sown in vermiculite medium. For each source, seeds were taken in 4 replicates.
The moisture content of seeds at the time of sowing was determined following the
procedure described in Willan (i9$5). Germination was noted every day for 45

days.
2.3.6. Seed pathological studies for all the five spe_cieS

1. Selection of trees

Stands of Acacia nilotica, Albizia lebbeck, Dalbergia sissoides,
Neolamarckia cadamba and Tectona grandis in various localities belonging fo
different agro-climatic zones in the State were selected for the study. Ten trees of
each species wereiselesied in each stand, marked and observations on girth at
breast height (gbh) of 1.37 m and height recorded. Phenological details on
flowering, fruiting and seed maturation were recorded and seed crop assessment

carried out.
2., Collection of seeds

Seeds/fruits were collected during 1998 and 1999 seeding seasons from |
the selected stands of respective tree species. Seeds collected from individual
trees in a locality were mixed together and composite samples made. Seed/fruit
characteristics, pod size, seed size, seed number per pod, number of locules, ete.
were studied. Seed samples were brought to the laboratory, purified, seed weight
and moisture levels were assessed. Seeds were sun- or air-dred to reduce the
moisture content to 10-15% and stored. Composite samples of each tree species

from each locality were stored separately in cloth bags at 25 + 2°C.,
3. Laboratory studies

Working sample from each composite sample was drawn and seeds were
Srther categorized into different groups of apparently healthy, discoloured,

deformed and biodeteriorated. Status of fungal and insect infestations was
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assessed by dry seed examination method using stereoscopic binoculars. The
’ percentage of discoIoured; poorly filled, shrunken and deteriorated seeds in each
sample was assessed separately. Seed moisture content was measured by oven-
drying method. Weight of sceds from each category as well as from pooled

sample was determined separately (ISTA, 1985).
‘4. Seed pre-treatment

To overcome the seed coat dormancy and thereby enhancing the
germination potential of seeds, various treatments were carried out. These

_ Include:
i} cold water soak - soaking the seeds in water at room temperature for 24 hours.

-~ i) hot'water soak - soaking the seeds in boiling water and keeping them until the

water cools down.

iii) acid treatment - soaking the seeds in concentrated sulphuric acid for 5 to 20

min. and washing thoroughly with water.
5. Seed health testing

Spermoplane microflora was assessed by employing standard blotter
technique (ISTA, 1976). Both sterilized and non-sterilized secds were screened.
Agar plate method (ISTA, 1985) was employed to detect the seed-borne fungi and
bacteria. Working sample of 200 to 400 seeds of each species was drawn from
each composite sample and tested. Seeds were plated at equal distance in sterile
ﬁlastic dishes (90-140 mm dia) lined with three moistened germination paper
discs (blotter). Both surface sterilized and non- sterilized -seeds were tested.
Surface sterilization was carried out with 0.01% mercuric chloride for 2 min
followed by thorough washing with sterile water. The number of seeds incubated
per Petri-dish varied with the size of the seeds. The set ups were incubated at 25 +
2°C in a seed germmator fitted with fluorescent lights adjusted at 12 hr dark and
llcfht cycles. The incubated Petri-dishes were removed from the seed germinator
after 12 days and observations on germination, microbial association, infection on
emerging seedlings, etc. recorded. Identification of spermoplane micraorganisms
was attempted up to generic level or species level in certain czses. Percent

incidence of each microorganism was calculated using the following formula.

ba
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% incidence = number of seeds recorded with an organism x 100

total number of seeds examined

Potato dextose agar medium was used for assessing the spermoplane
microflora by agar plate method. Seeds, surface sterilized with 0.01% mercuric
chloride and then washed with sterile water, were plated on PDA medium in
Petri-dishes and incubated for 7 to 10 days. Microbial colonies developing from

the seeds were isolated, purified and identified.

To assess the effect of spermoplane microorganisms (sorﬁe of which may
also be seed-borne) on the germinability of seeds, growing-on test wﬁs carried
out. Steam sterilized perlite {at 1.0 kg/ cm’® for two hours) was used as the
~ medium. Plastic trays (60 x 30 x 20 cm) were filled with sterilized perlite and the
seeds of respective tree species were sown, watered and maintained. Observations
on seedling emergence, incidence of disease on seedlings, eic. were recorded up
to-30 to 45 days of emergence. The diseased parts from the seedlings were plated

aseptically on PDA medium and causal organisms isolated, and identified.

6. Seed dressing

Fungicides viz., Thiride (hexathir), Bavistin (carbendazim), Captan
(hexacap), were evaluated for their efficacy as seed dressing chemicals. Cleaned
seeds of each species were treated with fungicides at the rate of 2 g/kg of seeds in
polythene bags (18 x 12 cm) and stored for three weeks. The treated seeds were

tested employing blotter method.
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2.4. Results and Discussion

2.4.1. Acacia nilotica
Seed collection areas

Acacia nilotica seed trees are available in Zone 2 (KL-2) and Zone 3 (KL-3)
whereas they are absent in Zone 1 (KL-1). In Zone 2 seed trees are located at
Champakkad, in Munnar Sub-zone. In Zone 3, seed trees were located at Walayar,
Naikkapadi, Kottathara, Vandithavalam and Meenakshipuram in Palakkad Sub-
zone. They are distributed in the dry deciduous forests (Chinnar and Attapadi) up
to 600 m.s.l. Mostly they occur only as isolated trees {Agali, Champakkad and
-”ﬂfiéénékshipuram), or in small of small patches in cultivated lands (Walayar and
Meenakshipuram) wastelands (Kottathara), and railway embankmenté (Walayar).
Tallest tree in the study area had a height 19.9m [at Meenakshipuram (MAn-19)].
Maximum girth measured was 206 cm for a tree at Walayar (KPLAn-3). Details of
height and gbh are given in Table 1.

Table 1. A. nilotica seed collection areas in Kerala

- Seed Sub-zone Locality Tree No. GBH Height
| zone | {cm) (m)
KL-2 Munnar | Champaikad CAn-1 i14 13
‘ CAn-2 164 18
' - CAn-3 147 17
KL-3 Palakkad Walayar WAnR-1 158 15

WAR-2 94.5 12

WAn-3 59 08

WAR-4 1205 | 15

WAR-5 120 4

WAn-6 121 14

WAR-7 112 i5

WAR-8 1145 15

WAR-9 1215 |13

WAn-10 123 i4
| Kanalpiriv - KPLAn-1 35 06
KPLAR-2A1 | 98 i2
KPLAn-2A2 | 94 > -

KPLAR-3 206 15

i KPLAn-4 155 11

| KPLAR-5 127 12

i KPLAD-2A1 @ 14] i8

i KPLAG-6A2 7 160 -

KPRAn-1 . 3% 08

KPRAD-I .« i3 i3

. KPRAp-3A1 @ 21 0s




"KPRAnR-3A2 | 34 -

KPRAn-4 60 9
NAn-1 Al 97 15
NAn-1A2 72 -
D NAn-2 © 54 06
KAn-3 117 12
KAn-4 63 8
KAn-5 57 08
KAn-6 27 08
KAn-7 162 10
Naikkarpadi KAn-8 39 08
KAn-9 82 07
. KAn-10 68 09
Kottathara KAn-11A1 o0 12
KAn-11A2 65 -
KAn-12 74 F12
KAn-13 88 11
KAn-14 70 11
KAn-15 94 it

KAn-16A1 42.5 11
KAn-16A2 49.5 -

KAn-17 125 11
KAn-18 51 o7
KAn-19 96.5 10
KAn-20 72 07

VAn-1A1 165 16
VAn-1A2 152 09

VAn-2 90 16
MAn-3 107 9
MAn-4 126 14
MAR-S 55 16
MAR-6A1 73 11
MAn-6A2 50
P Vandithavalam MAn-7A1 86 iz
MAn-7AZ 69
MAn-8 122 16
Meenakshipuram MAn-9 107 13
MAn-10 85 11
MAn-11 97 i0
MAn-12 &7 16
MAn-13A1 | 193 " 14
MAnD-13A2 | 87
MAn-14 68 14
MAn-16 159 20
MAn-17 53 10
MAn-18 75 .14
MAn-19 79 20
MAn-20 87 13

*Al and A2 refers to two stems arising from the base

CAn-1: Champakkad Acacia nilotica number |; WAn-1: Walayar Acacia nilotica number 1;KPLAn-1: Kanapiriv left Acacia
nilotica number 1;KPRAn-1: Kanai pifiv rght Aecacia nilorica number 1; NAn-1: Naikarpadi Acacia aiforica number 1;
KAn-1: Kottathara Acacia niletica number 1: VAn-1: Vandithavalam deacia nilotica number 1: MAn-1: Meenakshipuram
Acacia niletica number | :
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Phenology of flowering and fruiting

The flowering season varies within and between localities. Flowering was

observed almost throughout the year. Pods are available during March-May.

However major seed collection period is April. Maximum friiting was observed at

Kottathara (Zone-3, Palakkad Sub-zone), in the year 1999 and 2000. The details of

flowering, fruit crop assessment and fruit collection period are given in Table 2.

Table 2. Flowering and fruiting of A. nilotica in different areas

Seed crop

Zone | Seed Locality Year | Flowering Fruit collection
Sub- period period
zone
¢ KL-Z : Munpar : Champakkad 1998 | May April Poor
{ KI.-3 : Palakkad ; Walayar 1998 | February, March, April Poar
oo May, July
March, April
1999 | January Poor
Meenakshipuram 1998 | March, May, | March, April Poor
1999 | June
Kottathara 1998 | May, July, | March-April Poor
September, April
November
1999 | April April Average
2000 | April May Good -
May




2.4.1.1. Pod collection and seed extraction

Colleetion

The pods (Plate I) were collected from the tree by manual shaking using a fong
pole with a hook when they were grey in colour. Pods falling on ground were
mostly eaten away by cattle as observed in Kottathara, Walayar and

Meenakshipuram.

Seed extraction:

Experiment 1: Seed extraction by different pod drying methods
Dehiscence was substantially improved in all the oven-drying treatments (Table 3).
Oven-dry'ing combined with water spraying improved dehiscence probably due to
the uneven drying of the pod surface. However none of the treatments could

improve the dehiscence. The decrease in the germination in oven-drying extraction

methods needs further investigation.

Table 3. Percentage pod dehiscence, seed moisutre content and germination
percentage of A. rilotica dried under different conditions

Treatment | Extraction % of dehiscence after 2 daysof | MC% of % of
Nao. method drying seeds sbon | germination
Full ; Partial | Total ; Nil after at 40 days
: (Full dehiscence after
+Parial} sowing
El Drying in the | L5 9.1 80.6 1 194 21.44 26
laboratery for 24h
E2 Oven-drying at 35°C 0 97.5 975 2.5 8.9 5
for 24h .
E3 . | Oven-drying at 45°C | 1.2 8339 9041 { 9.5 15.81 20
for 24h
E4 Oven-drying of water | 2.41 92.9 9531 4.7 15.02 17.5
sprayed pods at 45°C '
: for 24h : !
E3 "Oven-drying water | 0! 975 9751 2.5 13.83 15
sprayed pods at 45°C : '
for 24 hours and this ]
process repeated for | .
24k




Experiment 2: Seed extraction using seed scarifier (Agrosaw seed scarifier)

As none of the drying methods resulted in complete dehiscence of pods within a
short period, it was felt necessary to try a mechanical method for easy extraction of
seeds. For this, a motorised seed scarifier (Plate 2), with drum lined with sand
péper, was employed. As the machine was operated for 2-3 minutes the brittle pods
broke into pieces releasing the seeds (Plate 3). The seeds were separated from -the
chaff using a 5 mm sieve.

~-Samples were drawn from the extracted seeds and examined- for physical damage.
Only up to 2% of them were damaged in the process. The trial was repeated for
three to four times and the result was found excellent, needing no formal
experiment to confirm. However, a small fraction (%) of the seeds remained

unreleased which could be extracted by repeating the process.

Pod charcteristics
Pods measure 13-17 cm in length, 1.6-1.8 cm in width and contains 6-8 seeds. One
thousand seeds weighed 140 -160 g. Details are given in Table 4.

Table 4. Pod charcteristics of 4. nilotica from .different localities of the State

Seed/Pod characteristics (mean) Localities
Kottathara ;| Meenakshipuram Palakkad ! Walayar

Length of pod (cm) 15.00 14.49 14,57 15.89
Width of pod {cm) 17.00 1.67 1.64 1.80
No. of locules ; - 7.00 ] 6.80 6.60
No. of seeds per pod 8 6.80 6.80 6.40

| % discoloured and deformed seeds ;| ~-- 50.00 50.00 45.00
Wt. of 1000seeds (g) {160 140.50 | 150.20 140.80

. Number of seeds per kg pod ;1325 - -- ; --

I 2 Moistire content . 5.60 7.6 I 6.80

-- data not available




Seed characteristics

Seeds measure 0.81-0.92 cm in length, 0.6-0.73 c¢m in width and 0.29-0.32 cm in

thickness. One kilogram contains 5900-6300 seeds. Detaiis are given in Table 5.

Table 5. Seed characteristics of 4. nilotica

Mean

Tree number Seed - Seed Seed Seeds\kg
length width thickness
(em) ~ {cm) (cm)

AAn-18 0.85 0.69 .31 -
{0.118) {0.034) (0.069) N

AAN-6 0.81 0.69 029 5900-6500
(0.058) (0.0413) | (0.060)

'__ AAR-8 0.81 0.67 0.03 —

(0.057) (0.065) {0.085)

AAn-8a 0.92 0.73 0.32 —
(0.0352) | (0.049) (0.023)

AAn-13 0.84 0.704 0.31 --
(0.073)  1'(0.0743) | (0.042)

— data not available

{figures in parenthesis S.E. of mean value)

2.4.1.2. Method of drying and processing

Pods dried by oven method (45°C) took 48 hours to became brittle whereas pods
dried in sﬁnlight took only 12 hours to become brittle. Details of seed extraction

are given in Table 6.

Table 6. Output and moisture content of 4.
. nilotica seeds after different extraction

methods )
Sun-dry ! Oven-dry
Quantity of seed obtained from | 201.4 222.85
. 1 kg pod (g)
i Number of seeds/kg pod 1325 1375
% of damaged seeds 107 10.08
% of unreleased seeds 4.54 10.32
% of sound seeds 54.38 87.92
MC% of sound seeds £ 26,11 : 23.50

Considering the output of sound seeds obtained, sun-drying the pods for 2 days is

the easiest and efficient method.
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2.4.1.3. Methods of drying and germination

Experiment 1: Method of drying is important in germination of Acacia nilotica
seeds. Seeds extracted after oven-drying gave 64% germination in 20 days after
sowing without any pre-sowing treatment, whereas seeds extracted from sun-dried
pods gave only 48% germination. The MC% of seeds extracted from oven-dried
pods was 25%, whereas seeds extracted from sun-dried pods were 11.8%.
Maximum germination (68%) was obtained for sun-dried seeds {reated with H,S0,

for 1 hour followed by KNO; (0.2%) solution for 5 minutes. The details of

germmatlon are given in Figure 1.

Figure 1. Germination of A.nilotica seeds
extracted from pods dried by

) different methods
—&— Sun-dried seeds,
untreated
80 .
—8— Oven-dried seeds,
70 4 untreated ‘
R .
< —r— Sun-dried seeds,
2 50 1 boiled water
g 40 treated
E 30 Ovlen-dried seeds,
= boiled water !
3040 F weated
i0 4 —¥— Sun-dried seeds,
0 H2504 + KNO3
= i i j ! treated
1 4 7 W 13 16 19 .
. —&— Oven-dried seeds,
Days after sowing H2504 + KNO3
treated

Experiment 2: Seeds dried in oven at 45°C gave 66% germination in 20 days after
sowing without any pre- sowing treatment, whereas sun-dried and air-dried seeds -
gave 42% and 30% percent germination respectively. MC% of sun-dried seeds was

19%, oven-dried seeds 20%, and air-dried seeds 20.5%, the difference being
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negligible. But pods dried at 45°C in oven environment gave maximum
germination. Perhaps the temperature of 45°C has an enhancing effect on
germmination of 4. niflotica seeds. Pre-treated seeds in all the methods gave
maximum germination. The maximum germination was obtained for air-dried
seeds after the pre-sowing treatment (H,SO; + KNOs). The details are given in
Figure 2.

Figure 2.Germination percentage of A. nilotica seeds extracted
by drying the pods by ditferent methods

—&— Sun-dried seeds, controt
—&— Oven-dried seeds, contrel

—— Air-dried seeds, contral

—— Sun-sried seeds, H2504+ |
KNO3 weated

—— Oven-dried sceds, H2504 |{
= KINO3J treated
—8— pirdried seeds, H2504+ |
ENO3 treated ‘

Ciermination percentage

2 4 6 % 0 12 14 16 18 20
Days after sowing

2.4.1.4, Media and germination

For the germination of 4. nilotica seceds, paper substrate is the better medium
compared to sand probably because of the adequacy of meisture supply in-

germination paper than in quartz sand. The details are given in Table 7.



Table 7. Effect of media on germination

: Treatment : Pre-sowing . % germination ar - Numbper of days:@ % ungerminated |
| code treatment ; days  after : taken for | healthy seeds
: | sowing commencement
; germination
Rolled | Quartz | Rolled | Quartz | Rolled | Quartz
towel sand towel sand towel sand
P TL H; S0, i5.56 8.88 4 8 + 1 20.00 46.66
{10 mimites) : :
T2 H. 30, 3111 | 8.88 3 8 40.00 40.00
: (20 minutes) ]
P T3 H,; S0, 20.00 4.44 3 1 40.00 40.00
(30 minutes} !
: T4 H; 80, 2444 12667 13 7 1250 | 44.44
{40 minutes) :
i T5 Boiled water i7.78 4.44 4 7 35.55 37.77
| T6 Control 37.7 2889 14 [ | 28,00 | 3i.il

2.4.1.5. Light and germination

Photosynthetically active radiation (PAR) provided for different light conditions is
given in Table.8. '

Table 8. Details regarding the light conditions provided for the experiment

Type of covering i Quantity of Photosynthetically
Active Radiation
(micromole /m’/s)

Laboratory | Nursery | Open
shed | ground
Nil 8 216 1619
Transparent sheet | 6 197 1535
Translucent sheet | 4 13% 1095
Black polythene 0 0 0
sheet

Of the three light conditions tested, 4. nilotica seeds gave maximum germination
(96%) in partial light condition. Seedlings remained yellow in colour till they were
exposed to sunlight. When exposed to sunlight, cotyledonary leaves gradually
turned green. Zero light is the next best for germination. Full light had an

inhibitory effect on germination. The detai’s are given in Figure 3.
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Figure 3. Effect of light on germinatioh of 4. nilotica seeds
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2.4.1.6. Pre-sowing treatment and germination

Test No. 1: Pre-treatment with boiled water gave the best results (77%). HaSO4
treatment for 10 minutes and 30 minutes gave 64% germination. This supports an
-carlier observation that boiling water is the best method of pre-sowing treatment

for 4. nilotica seeds (FRI, 1983). Details are given in Table 9.

_Table 9. Effect of pre- sowing treatment on germination of A. nilotica

seeds
% of germination at | Number of days
Treatment | Pre sowing treatment 20 days after | taken for
code germination commencement
of germination
Tl H,S50, (5 minutes) 490 1
T2 H, SO; (10 minutes) 64 2
T3 H, SO, (30 minutes) 64 2
T4 Hot water (5 minutes) 43 3
T5 Boiled water (3 minutes) | 77 3
T6 Soaking in tap water | 28 5
(48hkours)
T7 Control ' 44 13

Test No. 2: Maximum germination {51%) was obtained for seeds treated with con.
H-Sos for I hour and then soaked in KNO; (0.2%) for 5 minutes, whereas

Sulzhurie acid alone treatment could give only 28% germination. This shows the
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positive role of KNO3 0.2% promoting germination of sulphuric acid-treated seeds.

The details of germination are given in Table 10.

Table 10. Effect of pre-sowing treatment on germination of 4. nilotica seeds

Treatment | Pre sowing treatment % of | Number days | % of

code. germination | taken for | ungerminated
at 20 . days | commencing | healthy seeds
after sowing | germination

T1 H, SO, (95-%) 30.minutes 13.5 7 19.75

T2 H, 80, (95%) | hour 28 3 11.25

T3 Hot water (5 minutes) 46 8 3.25

T4 Boiled water (3 minutes) 40.25 8 0.25

TS KNO, (0.2%) 5 minutes 21 8 23.5

T6 H; 80, (95 %) 30 minutes + | 20.5 7 18.75

KNO, (0.2%) 5 minutes
1T7 H, SO, (95 %) 1 hour + KNO; | 51.25 7 9.75
B {0.2%) 5 minutes
T8 Soaking in water for 48 hours 19.75 6 25.25
T9 i Control 17.5 7 34.75

Test No.3: Prolonging the duration of KNO; (0.2%) treatment did not enhance the

germination percentage on the other hand it lowered the germination percentage.

The details are given in Figure 4.

Figure 4, Effect of duration of KNO; (0.2%) treatment on
germination of 4. nilotica seeds
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Earlier, Palani et al. (1995) reported that seeds treated with sulphuric acid for one
hour and soaked in 2% KNO; solution for 24 hours can enhance germination to
85%. From the above tests it is evident that only 0.2% solution of KNO; is needed

and the treatment period can be reduced to 5 minutes instead of 24 hours.

Test No. 4: This particular test was done to further confirm the effect of various
concentrations of KNO; solution in promoting germination of A. nilotica seeds.
However,r increase in concentration has little effecf on seed genninati;jn (Figure. 5)
confirming our earlier finding in favour of 0.2% KNOj; solution.

Figure 5. Effect of different concentrations of KNO;
on germination of Acacia nilotica seeds
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Test No. 5: Results obtained from this test showed no advantage of using Thiourea
2% over 0.2% KNOj solution in improving germination. The details are presented .

in Figure 6.
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Figure 6. Effect of different pre-sowing
treatments on germination of A.
nilotica
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2.4.1.7. Seed pathology of A. nilotica

Seed/fruit characteristics and dry seed examination

A. nilotica seeds collected from Meenakshipuram, Palakkad and Walayar were
found infésted with spermoplane microbrganisms and. the percentagé of
discqloured and deformed seeds was around 50 (Table 4). The fruit/seed
characteristics varied considerably. Seed weight (weight of 100 seeds) recorded
for the pooled sample from each locality ranged from 14.5 to 15.2 g. Per cent
moisture content also ranged from 5.6-7.6. Dry seed examination recorded fungél
fructifications, sclerotia, mycelial mats, etc. especially on discoloured, shrivelled,
‘and deformed seeds. Seedlots from Meenakshipuram dnd Palakkad reccrded high

percent discoloured and deformed seeds.
Seed microflora

Seeds of A. nilotica harboured a rich microflora comprising 18 fungal genera,
mycelia sterilia, bacteria and actinomycetes. Seedlot from Palakkad recorded
sxzhest number of spermoplane microbes (22) while those from Meenakshipuram

recorded the least (12) (Table [1-13). Seeds that were not surface sterilized (blotter
37



method) recordec{ maximum number of microbes as well as their high percent
incidence. Among storage fungi Aspergillus spp., Penicillium spp. and
Trichoderma spp. were the predominant ones. Beitrania sp., Boryodiplodia
theobromae, Colletotrichum gloeosporioides, Coniella sp., Drechslera sp.,
Fusarium sp. and Phoma sp. were the important field fungi recorded on seeds from
all the three localities. Surface sterilization of seeds with 0.01% mercuric chloride
excluded most of the spermoplane microorganisms and their number was reduced
to 5-7 and the percent incidence was very less (Table 11-13). For example, in seed
samples from Meenakshipuiam, surface sterilizaton excluded all the storage fungi,
except Aspergillus spp. from the seeds (Table 12). Similarly in seed samples from
~Walayar only four fungi, viz. Aspergillus niger, Chaetomium sp., Drechslera sp.,
and Trichoderma sp. were encountered after the surface sterilization. Though,
bacteria were present in all the three samples, their intensity of infection and
percent incidence could be reduced by the treatment. Similarly, cold water, hot
water, and sulphuric acid treatments performed in order to enhance the
germinability of seeds, also excluded most spermoplane microflora from all the

three seed samples tested.

Agar plate method, in which surface sterilized seeds were plated on potato dextrose

agar medium yielded comparatively a few spermoplane microbes. Field fungi like

Fusarium sp., Coniella sp. Beltrania sp., Curvularia sp., Phoma sp., etc. were

detected using this method. In blotter test and agar plate method, seeds severely

infested with Fusarium spp. exhibited seed rot and the seedlings emerging from
| such seeds became infected with the fungus. |

Growing - on test

Seeds collected from Meenakshipuram were utilized for growing-on test. Seedling
emergence started 4 to 8 days after sowing in sterile perlite medium and continued
up to 12 days. Most -of the seedlings emerged within 8-10 davs. Percent

germination was found lower (65%) than those obtained in blotter teste
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Table 11, Spermoplane microorganisms detected from seeds of 4. nilotica (1998 Walayar
seedlot) by blotter and agar methods and their percent incidence

Pen o ! Blotter mathod I Agar plate !
D No Microorganism : o4 ingidence . method '
: NS5* §§ . CW | HW A i “incidence

! i\ Alernaria sp. - . ; 4

3 .+ Aspergillus sp. g 4

3 Aspergillus niger 4 27 8 6 10

4 Beltrania sp. . 5 . 2

5 Botrvodiplodia theobromae 2

6 Chaetonium sp. 6 14

7 Colletotrichum gloeosporioides i

8 Coniella sp. ] 4

9 Curvularia sp. 2 2

10 Dreschslera sp. 5 1 :

14 Fusarium sp. ) 8 8 12

12 Mucorsp. 9 - 6

13 Paecilomyces sp. 6

§4 ! Peniciilium sp. 7 14

15 | Pestaloiia sp. 1

16 Phoma sp. 5
17 Trickoderma sp. 5 8 2 6
P18 Verticillium sp. 1 pi .

1% Sterile mycelium (black) 5 ) 8

29 Sterile mycelium (white} 4

21 Bacteria 10 22 10 12 &

22 Actinomycetes 1 19

¥NSS: Non-surface sterilized; SS: Surface sterilized; CW: Cold water treatment;

HW: Hot water treatment; A: Sulpharic acid treatment : ‘

Table 12. Spermoplane microorganisms detected from seeds of A. nilotica (1998
Meenakshipuram seedlot) by blotter and agar methods and their
percent incidence

EBlotter method

SL. Microorganism % incidence

No. NSS* S8 i CW HW (A

1 Alternaria sp. - - 1 3.00 .

2 Aspergillus sp. 7.00 600 1200 8.00 3.00

3 Aspergillus niger 14.50

4 Curvularia sp. 3.00

5 Fusarium sp. 1400 500 ;400

6 Mucor sp. 0.50 )

7 Paecilomyces sp. 0.25 16.00

8 Penicillium sp. 8.75

9 Phoma sp. 2.00

1C Trichoderra sp. 1.25 1.00 2.00

11 i Verticillium sp. 2.00

12 i Sterite mycelium (black) 3.00

L3 i Sterile mycelium (white) 3.00 400 7.00

14 Bacteria 16.00 10.00 § 13.00 | 14.00 12.00

15 Agtinomycetes 23.00 :2.00 10.00 i

*NSS: Non-surface sterilized; SS: Surface sterilized; CW: Cold water treatment;
HW: Hot water treatment; A: Sulphuric acid treatment
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Table 13, Spermoplane microorganisms detected from seeds of A. nifotica (1998 Palakkad
seedlot) by blotter and agar methods and their per cent incidence

ME ! Blotter method | Agar  plate
P No. Microorganism i % incidence ; method
(NSS* | §S | CW : HW | A | %incidence
1 Alternaria sp. ! 2.00 2.00 | 4.00
2 Aspergillus sp. 17.00 1 4.00 200 !
3 Aspergillus niger 300 ) C o UE00
4 Beltrania sp. 5.00 2.00
5 Bipolaris sp. 3.00
6 Chaetomium sp. _ 16.00 . 4.00 5.00
7 Cephalosporium sp. 1.50
8 Cercospora sp. 1.50 :
9 Curvularia sp. 1.00 5.00 3.00
10 | Cladosporium sp. 1.50 '
11 Dreschslera sp. 373
12 Fusarium sp. 0.50
113, Ghiocladium sp. 1 7.00 4 50 3.00 3.00 7.00
14 Mucor sp. _ 1.25
15 Paecilomyces sp. 4.00
16 Penicillium sp. 6.75 3.50 2.00
17 Pestalotia sp. 0.50
18 Phoma sp. 4.00 -4.00
i9 Trichoderma sp. 1100 1 6.00 : 2.00 ‘1 3.00
20 Perticillium sp. 4.20 2.00
21 Sterile mycelium (white) 4.00 7.00 2.00 7.00 1200
22 | Bacteria 19.50 1 10.60 ; 10.00 : 10.00 : 6.00 { 4.00

*NSS: Non-surface sterilized; S3: Surface sterilized; CW: Cold water treatment;
HW: Hot water treatment; A: Sulphuric acid treatment
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Plate 1. Pods of A. nilotica
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Plate 3. 1. A. nilotica seeds extracted by hand 2. Seeds extracted with the help
of a seeds scarifier

1. 2.

Plate 4. 1-2 A. nilotica seeds on blotter showing different stages of biodeterioration
caused by fungi and bacteria

1. 2.




2.4.2. Albizia lebbeck

Seed collection areas

Albizia lebbeck is a large deciduous tree sparsely distributed in the dry
deciduous (eg. Chinnar) and moist deciduous (eg. Peechi) forests of Kerala. It is
cultivated in avenues (Palakkad, Kuzhalmandam and Meenakshipuram and
Nilambur) and gardens. Seed trees were identified in two Zones (KL- 2 and 3). The
details ére‘ given in Table 14. '

Table 14. Details of seed collection areas of A. lebbeck in Kerala

Seed zone | Sub-zone Locality Tree Nuriber GBH (cm} | Height (m)
KL-2 Munrar Pottithanni PAlL-1 167 23
PAI-2A1 107 23
PAI-2A2 197
i Alampetty i AAL3 63 27
AAl4 210 07
AAl-S 138 20
AALGAL 113 19
AAl-6A2 ) 100
AAl6A3 183
AAfT 163 15
Karimutty KAIL-8 152 25
KAl-9 ti6 L5
KAL-10 179 12
Champakkad CAI-11A1L 89 11
f CAI-11A2 64
! : CAl-12 134 -
; ; CAl-1 145 18
CAl-14 230 : 29
CaAl-15 250 31
Churulipetry CAl-16 116 11
Cal-i7 92 20
CAI-18A! 118 21
CAl-18A2 101
CAl-10 94 17
CAlL-20 164 21
Thrissur KFRI, Peechi © 1 KAlL 325 41
KL-3 Palakkad Meenakshipuram MAI-1 234 i6
: MAL-2 620 44
Chandra nagar CAl-1 108 11
Kuzhalmandam KAl-t 186 14
KAL-2 227 23
KAl-3 188 26
Kai-4 i65 20
KAl-5 156 14
Kottathara KAI-I 130 29
KAl-2 190 14
Malampuzha MAI-1 153 26
Mal-2 165 36
MAL-3 120 20
- MaAl4 170 19
MAL-S 181 22
Kuppadi KAI-1 b e —

KAl-1: KFRI Albizia lebbeck number] KAl-1: Kottathara Aibizin lebbeck number 1;KAL-l: Kakkupadi Albizia lebbeck
number 1; KAI-8: Karrimutty Albizia lebbeck number 8:XAl-1; Kuzhalmandam A/bizia lebbeck pumber 1; MAI-1: Meenakshi
puram Athizia lfebbeck number 1; MAI-1: Malampuzha Abizia iebbeck number 1 CAlLl: Chandranagar Aibizia lebbock
number LCALI: Chambakkad Afbizia lebbeck number 11; TA17: Churulli petty Afbizia febbeck number 17 PAl]:
Potithanni Afbizia febbeck number 1; AAL-3: Alampery 44 ferbeck number 3: KAI-1: Kuppadi Albizia febbeck number
35 *AL, AZ and A3 refers to the stems of the same tree 2nsing trom e base of the'tree; - Height and gbh not measured
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The largest tree located at Meenakshipuram had a hejght 44 m and a girth
of 6.2 m for a tree which is much more than an earlier report of 4.52 m mentioned

in FRI (1983).
Phenology of flowering and fruiting

In Kerala, A. lebbeck trees flower mainly during January to March
(Ku.zhalmandém, Kuppadi, Amballur and Peechi). But in Munnar Sub-zone
(Champakkad, Churulipetty and AI:arnpetty), Palakkad Sub-zone (Kottathara) and
Thrissur Sub-zone (Peechi), flowering was noticed in August and September also.
Tree-to-tree variation was observed within 1t-he species in flowering and fruit
ripening. Pod collection period is from November to March (Kuzhalmandam,
---C.ﬁaiﬁa;'anégar, QOlamattom and Karimutty) and from February to May (Alampetty,
Churulipetty, Karimutty and Kottathara). Details including seed crop status are

given in Table 15.
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Table 15, Phenology of flowering and fruiting of A. lebbeck in Kerala

i Seed Sub-zone : Locaiiy . Year : Flowering Fruit : Seed crop
zone : ¢ period collection
petriod i
KL-2 Munnar CGlamattom 1998 — February Good
Champalkkad 1998 August Febrmary-May | Average
February Average
Churulipetty 1598 Aungust Poor
. February-May
Karimutty 1998 August February-May | Average
Alampetty 1998 August Poor
Chalakkudi Vazhachal 1998 Jan-March March Poor
Amballur 1999 Jan-March QOctober Average
"\ Thrissur KFRI, Peechi 1998 P . Feb-May Poor
1999 i Jamuary- December i Good
; March,
August
2000 January Feb-March Average
KL-3 Palakkad Kuzhalmandam 1597 -— November Good
1998 March & July- | December Good
August July
January-
1999 March January- Good
- March
Malampuzha 1998 March Poor
January- -
Meenakshipuram 1999 March January- Average
August March
Kottathara 1998 - March Good
1599 September February Good
Wayanad Kuppadi 1598 January- . = e
1959 February — -

--- data not available _

2.4.3.1. Pod collection and seed extraction

Pods were collected by manual shaking the branches using a long stick with

15.9% complete dehiscence and 52.4% partial dehiscence.

a hook. Of the five different methods of seed extraction {Table 16) best result was

obtained for oven-drying of water sprayed pods at 45°C for 24 hours which gave
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Table 16. Details of dehiscence of pods dried by different methods-

Extraction method | % dehiscence IMC %

‘Full | Partial | Total : of pods

Ei-Drying in the laboratory : 6.1 2961 (357 88

for48 h

E2-Oven-drying at 35°C for i 11.4 | 36.4 478 149
48 h

E3-Oven-drying at 45°C for: 9.2 22.4 3.6 163
48 h

1E4-Oven-drying of water | 108 | 494 | 602 |89
sprayed pods at 45°C for 48 h

E5-Oven-drying of water! 159 524 683 197
sprayed pods at 45°C for 24
hours and this process

| repeated for 24 h i

2.4.3.2. Method of extraction and germination

Seed germination was also high in seeds extracted by oven-drying method
(Table 17). However it remained unexplained why the germination percentage was
low for H, SO4 treatment and high for boiled water treatment of seeds extracted by
oven-drying at 35°C for 2 days.

Seeds could also be extracted from pods using a motorised seed scarifier
(Agrosaw sample seed scarifier-electric). But this is inconvenient for the large-

scale extraction of seeds. The details regarding germination are given in Table 17.
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Table 17.Effect of different methods of extraction on germination of A.

lebbeck seeds
Extraction methed ermination % at 20 days ! Number of days taken for
- after sowing, for different | commencing germination
treatments
No H,; S0, | Boiled | No H> SO, | Boiled
treatment water treatment water
E1l-Drying in the | 0 97 66 - 1 1
laboratory
1 E2-Oven-drying at 35°C ' 0 178 71 - 12 3
for 2 days '
E3-Oven-drying at 45°C {1 98 65 17 1 2
for 2 days
E4-Oven-drying of water | 4 ag 63 4 1 1
sprayed pods at 45°C
for 2 days
E5-Oven-drying of water | 5 99 52 7 1 7
sprayed pods at 45°C |
for 24 hours and this
process repeated for 24
hours (total 48 hours )

Pod characteristics

Pods are 19 to 22 cm long (Priate 5), 4 to 5 cm wide, and 300 to 500 pods

~weigh a kilogram. One kg pods give 1000 to 3200 seeds. Maximum number of

seeds was obtained from pods collected from Kuzhalmandam (3212/Kg seeds).

The details are given in Table 18.

Table 18. Pod characteristics of 4. lebbeck

Locality Seed Sub-zone Mean seed Mean No. | Mean No.
zone measurements (cm) | of pods/kg of
Length Width seeds’kg
pod
_ (g)
Olamattom Ki.-2 Munnar 19 4 504 1076
Karimutty - 21 5 317 1274
Churulipetty D v c 17 4 433 2615
Chandranagar t KI-3 : Palakkad 22 5 317 2107
Kuzhalmandam i . P19 5 --- 3212

--- data not available
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Seed characteristics

There is considerable variation in seed length, width and 1000 seed weight

collected from different localities (Plate, 6). Seed length varies from 0.6 cm to 1.1

cm, width varies from 0.61 to 0.78 c¢m, thickness varies from 0.20 to 0.24 cm.

Weight of 1000 seeds varies from 97 to 147g. Details are given in Table 19a.

Table 19a. Seed characteristics.of A._lebbeck

Locality Seed Sub-zone Mean seed measurements | 1000
zone : (cm) seed
Length | Width | Thickness | weight
(&)
| Kuzhalmandam | KL-3 Palakkad - = | 0.91 0.64 0.22 1135
Chandranagar ” ' 1.10 0.66 0.22 132.8
Karimutty KL-2 Munnar 1.10 0.67- 1021 . 143.1
Churulipetty 2 » 0.62 0.66 0.24 147.2
Pottithanni » . 0.86 0.70 0.20 97.50
Champakkad s " 0.91 0.67 0.21 1228
Alampetty L . 1095 10,78 0.20 -

--- data not available

Percentage of sound seeds varies from 23 to 60. Considerable variation in

seed size and weight is reflected in the number of seeds per kg (6,250 to 12,210)

and also the number of seeds per litre (4,200 to 10,000). Details are given in Table

19b. Hocking (1993) reported number of seeds/kg varies 7,000 to 12,000 while
Lowry ef al. (1994) reported 7000 to 8000 seeds/kg (CABI, 1998).

Table 19b. Seed characteristics of A. lebbeck

Locality Seeds’kg | Seeds/litre | % of sound | MC% of | Days  elapsed
seeds in a i seed -1 between -
sample collection  and

MC%
determination

Olamatiom 8,965 7,640 53.2 12.68 19

Karimutty 8,670 | 5,961 303 |- 3

| Churulipetty 12,218 110,106 23.2 12,24 8

Chandranagar 6,251 4,258 36.2 7.73 21

Kuzhalmandam | 10,464 8,720 59.9 4,79 21

- data not available
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Table 20. Seed/fruit charaeteristics of A. febbeck collected from different localities
in the State :

Seed/fruit characteristics ! Localities i
! Chinnar ! Kuzhalmandam : Palakkad
Length of pod {cm) 119.76 23.75 (2172
Width of pod (cm) 3.79 4.53 £ 4.08
No. of locules per pod 6.50 11.80 1 5.00
No. of seeds per pod 6.00 10.60 | 8.40
% discoloured and deformed seeds 50.00 © | 52.00 60.00
“Weight of 100 seeds (g) 12.00 11.20 11.90
Weight of 100 discoloured seeds (g} | 5.79 9.50 9.80

2.4.3.3. P-ré-sowing treatment and germination

- “Test No. 1: Sulphuric acid treated seeds gave maximum ‘germination (100%),
followed by mechanical scarification (23%). Untreated seeds (control) gave only
2% germination. The details are given in Table 21.

Table 21. Effect of pre-sowing treatment on germination of A. lebbeck seeds

Pre-sowing treatment % germination at | Number of days
20 days after | taken . for
sowing commencement  of

germination

T1. H280, (30 minutes) 100 2 ’

T2. Hot water (5-10 minutes) 7 12

T3. Mechanical scarification 23 2

T4, Control 2 5

Test No. 2: For sulphuric acid treatment, 35 minutes was the best duration. Seed
germination occurred (92%) within 7 days after sowing and all the emerged
seedlings produced first pair of leaves within 25 days. Acid treatment for 50, 55
and 60 minutes gave faster germination but germinants decayed after 2 or 3 days.
Even though, primary leaves appeared in some seedlings, they were found curled.

Moreover, primary roots were not produced; instead, lateral roots were formed at-
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the base of the shoot syste'm. The details regarding germination and emergence of

primary leaf are given in Figure 7.

Figure 7. Effect of pre-sowing treatments on germination
and emergence of primary leaf in A. lebbeck
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2.4.3.4. Effect of source and pre-sowing treatments on germination

Test Nos. 1 and 2: There is considerable variation in germination of seeds
collected from the same Sub-zones. Seeds callected. from Chandranagar and
Kuzhalmandam belonging to the Sub-zone Palakkad gave 100% and 89%
germination respectively for sulphuric acid treatment, and 95% and 84%
respectively for boiling water treatment. Similarly, seed source of Olamattom,
Pottithanni, Churulipetty and Champakkkad belonging to the same Sub-zone
Munnar gave 100%, 88%, 97% and 64% germination respectively for sulphuric
acid treatment and 95%, 22%. 58% and 30% respectively for boiled water

treatment (Table 22).
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Table 22. Germination of A. lebbeck seeds after different pre-sowing

treatments

Locality | Date  of | MC% of | Germination% . at 15 !

i collection ; seed days after sowing :

H,SO, | Boiled water

Olamattom 04/02/98 21.3 100 95
Pottithanni 17/02/98 230 88 ==
Churulipetty 27/05/98 .1 21.2 97 58
Champakkad 31/08/97 27.9 64 30
Chandranagar 17/02/98 15.4 8% 95 -
Kuzhalmandam 26/05/98 | 9.45 100 84

--- indicates data not availabie

2.4.3.5. Media and germination

—mee-f the five media tn'.ed," between moist germination papers gave maximum
- germination (29.8%), followed by quartz sand (27.3%), Vermiculite (20.8%) and
Rolled towel (19.8%). Germination was poor in top of paper (2.5%). Details of

germination are given in Figure 8.

Figure 8. Effect of media on germination of A. lebbeck seeds
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2.4.3.6. Effect of seed source

There was considerable variation in germination of seeds collected from
different sources. The percent germination varied from 35 to 96 (Table 23).
Considering all the seed sources, source 10 and 11 {(Meenakshipuram, MAI-1 and

MAI-2) gave maximum-germination occurred within 4-10 days.

' Table 23, Germination of A. lebbeck seeds frem different sources

Source MC% | % cumulative - | Number of days taken |
of germination at 20 | for commencing
seed i days after sowing | germination
Rolled ¢ Quartz ; Rolled Quartz
towel sand towel sand

.. 1.81 (Kuzhalmandam- KAl-1) 12.19 94 73 5 4
" | 82 (Kuzhalmandam -KAl-3a) 15.66 83 63 7 4
33 (Kuzhalmandam- KAl-3b) 16.28 35 07 8 5
54 (Kuzhalmandam KAL-4) 13.24 g7 27 7 5
S5 (Karimutty -KAI-10) 14.56 85 66 7 3
86 {Champakkad-CAl-14) 14.41 74 65 7 4
$7 (Pottithanni- PAI-1) 12.94 86 83 7 4
S8 (Kottathara- KAL-1) 1264 1 79 56 g8 6
59 (Kottathara- KAI-2) 13.38 83 38 5 --
$10 (Meenakshipuram MAI-1} | 13.08 96 36 4 4
S11 {Meenakshipuram MAL-Z) | 11.00 95 26 4 4

—- indicates data not available

2.4.3.7. Light and germination

Table 24, Details regarding light conditions provided for the experiment

Type of covering | Quantity of Photosynthetically Active Radiation
(micromole /m%/s)
Laboratory | Nursery shed Open ground
Nil 8 216 1619
Transparent sheet | 6 197 1535
Translucent sheet | 4 138 1095
Black polythene 0 0 0
sheet

Light is not essential for germination of 4. lebbeck seeds. Full light gave
slightly better germination for both treated (light) and untreated seeds. Seeds pre-
treated with H.SQ4 from both the sources géve maximum germination irrespective
of light intensity. In source 1, (Kuzhalmandam KA]-I) germination percentage of

pre-treated seeds was 57.23, 67.5 and 72.75 for full, partial and no light conditions
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respectively. In source 2 .(Kuzhalmandam KAl-3a), germination was 76.5%, 77.5%,

80%, under full, partial and no light conditions respectively. However, Seedlings in

no light condition were vellow in colour and when exposed to light, developed

chlorophyil. Details of germination are given in Figure 9(a) and 9(b).

Figure 9(a). Effect of light on germination of seeds from

source-1
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Figure 9(b). Effect of light on germnination-of seeds
from source-2

Germination percentage

[ ]

Lh  ch

- o )
[ = = D = -

JOPN FUPIY TR W W T N |

(%)
<

6

N, A 3 2

8§ 10 12 14 1618 20

—eo— Conirol seeds in full
) 1 H7S04 treated seeds

—2&— Control seeds in no

~—2- Control seeds in

light

in partial light

tight

H2804 treated seeds

in full light

partial light

Y ;—0—H2SO4 wreatred seedSF '

in ne light o I

Davs after sowing

Ch

(98]



2.4.3.8. Seed pathology of A. lebbeck

Dry seed examination

4 lebbeck seeds collected from the three localities viz., Chinnar,
Kuzhalmandam and Palakkad were severely affected with microorganisms. The
percentage of discoloured and deformed seeds was very high and it ranged from 50
to 60 (Table 20). The fruit characteristics viz., length -and width of pod, number of
locules per pod, number of seeds per pod, etc. varied considerably (Table '20).
Percent moisture content of seeds collected from different localities ranged from
10.62 to 12.15. Severe infection of seeds inside the pod as well as germination of
intact seeds was also noticed (Plate 7). The weight of 100 seeds from the pooled
sé.ﬁﬁilés from the three localities ranged from 11.2 to 12.0 g. Dry seed examination
revealed fungal mycelial mats, fructifications, as well as imsect infestations.
Comparatively, deformed, shriveled, and infested seeds were high in seedlot from
Chinnar than those from other two localities.

Seed microflora

A rich microflora comprising of 19 fungal genera, together with
unidentified myecelia sterilia, bacteria and actinomycetes were encountered on
seeds of A. lebbeck collected from the three different agroclimatic sub-zones of the
State (Tables 25-28). Seed health test by blotter method revealed a large number of
spermoplane microbes on non-surface sterilized seeds (Plate 8). Among the
" seedlots tested, those from Palakkad recorded more number of spermoplane
microbes, which include common storage moulds, field fungi, bacteria and
actinomycetes. Among the storage moulds, Aspergillus spp., Chaetomium sp.,
R.hizopus sp., Penicllium sp., etc. were the predominant fungi. Their frequency of
occurrence ranged from 21-48%. Among the field fungi recorded on seeds,
Belwania sp., Colletotrichum gloeosporioides, Fusarium sp. and Phoma sp. are the
importarit ones and their Ipercent incidence in the seed samples from the three
localities ranged from 7 to 21. Seeds from Chinnar recorded the least number and
percent incidence of field fungi. while the seeds from Palakkad yielded more
number of field fungi as well as their percent incidence. Incidence of bacterié in.

seeds ranged from 7 to 19% in non-surface sterilized seed samples. Bacteria were
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found mostly associated with the discoloured and deformed seeds and such seeds
become completely rotten with heavy bacterial ooze. Though surface sterilizaiton
with 0.01% mercuric chloride reduced the percent incidence of the bacteria, both .
hot water and acid treatment increased the percent incidence. A high percent (32)
incidence of bacteria was recorded in hot water treatment of seedlots from Chinnar
and Kuzhalmandam. However, in general, hot water and acid treatments to break
the seed dormancy and to enhance the seed germination also reduced the number

of spermoplane fungi and their inteﬁsity.

Growing-on test

Seeds from Palakkad were used for the growing-oh test. Emergence of

seedlings started 4 to 5 days after sowing in sterile perlite medium and continued
up to 9 days. Most seedlings emerged within 5 to 7 days of sowing. Percentage
germination (73%) was found lower than that obtained by blotter method. Seedling
infection viz., cotyledon infection (bacterial), rots of radicle and plumule
(bacterial) and leaf spot caused by Fusarium sp. and Colletotrichum

gloeosporfb?ﬁés-?vf%f%‘%%’saés’véd. '

Seed pre-treatment

Seed pre-treatments viz., hot water soaking and conc. sulphuric acid
treatment (5 min) to break the seed dormancy and to enhance the germinability
indicate _thﬁtlb'o'féi e fentmenis were equally effective (Table 28). In hot water
treatment, seedlot from Palakkad gave higher percent germination (92), while
seedlot from Kuzhalmandam recorded only 60% germination. Seedlots from all the
three localities gave high percent germination in acid treatment that ranged from
94.-95% (Table 28). The results indicate that acid treatment has to be carried out to

get a maximum percent germination of 4. lebbeck seeds.



Table 25. Microorganisms detected on seeds of A. lebbeck (Kuzhalmandam 1998
seedlot) by blotter method and their percent incidence

USL Blotter method
No. Microorganisms _ % incidence
f : NSS SS | HW A
1 Aspergillus spp. 10.00 5.00 13.00 | 7.00
2 Aspergillus niger 00.50
3 Beltrania sp. 08.00 8.00 12.00
4 Chaetonmium sp. ‘ 02.00 4.00 1.00 3.00
5 Colletotrichum gloeosporioides . 00.50
6 Fusarium sp. 01.00 4.00
7 Paecilomyces sp. 00.75 1.00
3 Penicillium sp. 16.00 3.00 6.00
9 Rhizopus sp. 02.25 2.00
10 Trichoderma sp. 2.00 250 13.00
‘11 - }-Sterile mycelium (black) 00.5 1.50 .00 |
12 | Sterile mycelium (white) 01.00 0.50 { 2.00
13 Bacteria 17.00 11.00 [ 32.060 :4.00
14 | Actinomyeetes 05.50 1.00 1 3.00

*NSS: non-surface sterilized; $3: surface sterilized; HW: hot water trearment; A: sulphuric acid treatment

Table 26. Spermoplane microorganisms detected on seeds of A. lebbeck (Chinnar
1998 seedlot) by blotter and agar methods and their percent incidence

St Blotter method Agar
No. Microorganisms Yeincidence plate
NS5 5§ HW A methed
. %
- incidence
1 Aspergillus spp. 11.50 4,00 7.00 17.00
2 Aspergillus flavus 02.00 1.00 1.00
3 Aspergillus niger 11.50 2.00 10.00 14.00
4 Beltrania sp. : 03.00 1.00 (.66
5 Chaetomium gloeosporioides. 07.00 4.00 3.00
6 Colletotrichum sp. 1.33
7 Curvularia sp. 3.33
8 Fusariuin sp. 04.00 3.00
9 Penicillium sp. 06.00 1.00 6.00 6.00 5.00
10 Trichoderma sp. - 07.00 3.00 2.00 3.00
11 Sterile mycelium (black) : P 2.00 i 1.33
12 Sterile mycelium {(White) 10.00
13 | Bacteria 17.00 | 6.00 32.00 34.00 7.33
14 | Actinomycetes 04.00 1 2.00 P 2.00

*NS§: non-surface sterilized; S8: surface sterilized: HW: hot waier treatment; A: sulphuric acid treatment
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Table 27. Spermoplane microorganisms detected on seeds of Albizia
lebbeck (Palakkad 1998 seedlot) by blotter and agar plate
methods and their percent incidence

Rlotter method

sLo- Agar Plate
No. Microorganisms % incidence Method
: . NSS $$ | HW A | % incidence

1 Alternaria sp. 0.50 i ‘

|2 Aspergillus spp. 2.00 1.00 § 1.00
3 Aspergillus flavus 0.50 '
4 Beltrania sp. 1.00 1.00
5 Aspergillus niger 7.00 500 200 {100 {800
6 Bipolaris sp. 0.50
7 Cephalosporium sp. 160

+-8 - | Chaetomium sp. 3.00 2.00 12.00
9 Colietotrichum 4.25 2.00
" | gloeosporioides
10 | Curvularia sp. 10.00
11 | Drechslera sp. 1.50
12 | Fusarium sp. 1.25 1.00 4.00
13 Mucer sp. 1.00
14 | Paecilomyces sp. 1.50
15 | Penicillium sp. 2.50 2.00
16 | Phoma sp. 2.00
17 | Trichoderma sp. 2.25 200 12.00
18 | Verticillium sp. 1.00
19 ! Sterile mycelium 2.30 1.00 5.00 | 2.00
(White)
20 i Sterile mycelium 1.00 5.00 {2.00
(Black)

21 | Bacteria 7.00 600 18.00 1600 |800
22 | Actinomyctes 4.00 3.00 :3.00

*NSS: non-surface sterilized; SS: surface sterilized; HW: hot water treatment;

A: sulphuric acid treatment

Table 28. Effect of various treatments on germination of seeds of A
lebbeck collected from different localities of the state

Locality Zone Sub Percent germination

. Zone NSS 88 HW A
Kuzhalmandam KL-3 Palakkad 07.50 34.50 60.00 94.00
Palakkad KL-3 Palakkad 60.00 51.50 92.00 . 19500
Chinnar KL-2 Munnar 26.50 63.00 8080 1 94.00

*NS§S:non-surface sterilized; SS: surface sterilized: HW: hot water treatment; A: acid treatment
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Plate 5. Pods of A. lebbeck

L1: Meenakshipuram. MAL-2 (4/hizic Jebheck tree number 2):1.2: Kuzhalmandam KA
Champakkad CAl-14:L4: Kuzhalmandam KAl-+: L3: Kortathara KAL-2
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Plate 7. 1-2 A. lebbeck mature open pods showing intact seeds at various
stages of biodeterioration; 3-4 pod with germinating seed
2




Plate 8. 1. A. lebbeck mature dried pod with discoloured and deteriorated
seeds and also a germinating seed; 2, 4. lebbeck seeds on blotter
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2.4.3. Dalbergia sissoides

‘Seed collection areas

D. sissoides is a medium sized deciduous tree found in the moist deciduous
forests of Kerala especially in very moist teak forests (Karulai and Dhoni), and
mixed deciduous forests (Sholayur, Chinnar and Kuppadi). The seed trees were
identified in all the three zones (KL-1, KL-2 and KL-3). The details are given in
Table 29. The maximum tree height (37 m) was recorded for a tree at Dhoni and
maximum gbh (2.72m) was measured for a tree at Mundakkadavu.

Table 29. Seed collection areas of Dalbergia sissoides in

Kerala
Seed Zone | Sub-zome Locality Tree GBH | Heigh
No. {cm) | t{m)
KL-1 Koftayam Ezhukumannu EDs-1 - ---
EDs-2 87 20
KL-2 Malayattur Malayattur MDs-1 205 3l
Thrissur KFRI, Peechi KDs-1 175 21
KDs-2 - —
KDs-3 26 24
Chalakkudi Vettingapadam | VDs-1 T4 23
VDs-2 125 18
VDs-3 144 17
[ VDs-4 1159 19
PVDs-5 192 120
Munnar Karmutty i KDs-1 259 a0
Champalklkad CDs-2 48 15
Churulipetty CDs-3 164" | 21
CDs-4 87 17
KL-3 Palakkad Kuthiran KDs-1 171 29
KDs-2 126 28
Dhoni PDs-1 i34 24
PDs-2 208 13
PDs-3 260 37
Kakkupadi KDs-1 110 14
KDs-2 168 15
KDs-3 145 16
KDs-4 132 14

! KDs-5 196 21

KDs-6 | ---

KDs-7 189 23

Thavalam TDs-8 225 23

_ TDs-9¢ {227 123
i Pakkulam PDs-10 243 133

PDs-11 | 67 -1 12
PDs-12 | 23% |31
| PDs-13 | e
' PDs-14 | ---
| PDs-15 § -
. PDs-16 | 108 | 15
" ADs-17 | 185 24
" ADs-18 [ 180 (18
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¢ Neflikikuthu j NDs-1 98 20
i Mundakkdavu | MDs-2 g6 15
| MDs-3 85 20
| MDs-4 | 178 |18
* MDs-5 107 ;16
MDs-6 97 IR E!
MDs-7 {272 30
;. MDs-3 139 17
; I MDs-9 166 ! 30
--- data not available ‘
KDs-1: Kuthiran Dalbergia sissoides number 1; PDs-1: Puzhamgundu Dhoni Daibergia sissoides number 1; EDs-1:
Ezhukumannu Dalbergia sissoides vumberl; MDs-1:Malayattur Dalbergia sisscides number ]; CDs-2:Champakkad
Dalbergia sissoides number 2; CDs-3:Churulipetty Dalbergia sissoides number 3

Nilambur -

b
!
|
[
!

Phenology of flowering and fruiting

_ The tree is in flower during December to January in Peechi and up to
February in Kuppadi and Dheni. Seeds are available for collection in February. At
" Champakkad, mature fruits were available during April. Details are given in
Table30.

Table 30. Phenology of flowering period and fruit collection peridd of D.
sissoides in Kerala

Zong Sub-zone Locality Year | Flowering Fruit collection | Seed crop
period period .
KL-2 | Munnar champakkad 1998 | ---- April Average
1999 | --e- Nil Nil
Malayattur | Malayattur 1998 : Nil Nil Nil
I 1999 i Nil Nil Nil
- Chalakkudi @ vazhachai 1998  Nil Nil Nil
- Vettingapadam 1998 1 Nil Nij Nil
Thrissur KFRI, Peechi 1998 | Nil Nil Nil
1999 | fanuary Nil Nil
Kuthiran 1998 | Nil Nil Nil
1999 ¢ Nil | Nil Nil
KL-3 | Palakkad Kakkupadi 1998 | January- January- Poor
1999 | March March
Sholayur 1999 ¢ -—- February Average
Dheni 1998 | --—-- Nil Nil
1999 | January February Good
Nilambur Nedungayam 1998 | Nil Nil Nil
. ' 1699 | Nil Nil . Nil
Wayanad Ondayangadi 1999 i January- February Good
- February

--- data not available.

2.4.3.1. Pod collection and seed extraction

Pods (Plate 9) were collected when they were light brown in colour.

CTclaction was made by lopping off the branches. Pods, being light in weight,

should be collected early in the morning, especially to overcome the possibility of
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their getting blown away. It is essential to clear the ground before lopping off the

branches. Plastic sheets spread around the tree made the collection easier.

Test No. 1: None of the pod drying methods including sun-dry and oven-dry could

dehisce the pods, since the pods are naturally indehiscent.

Test No, 2: Pods when dried by oven-drying at 45°C for two days (T3) became
brittle for extraction using a seed scarifier. Pods oven-dried at 50°C took three
hours to become brittle. This was the lowest time required for the pods to become

brittle at this temperature.

Seed extraction using a metal grating: Rubbing on a metal grating helped the
release of only 25% of seeds in both the drying methods.
Seed extraction using a motorised seed scarifier (electric):

As the pods were dry soon after collection, seeds could be extracted using
seed scarifier without oven-drying the pods. In this method about 95%. seeds were
released. The results are given in Table 31. A

Table 31. Mean seed yield from freshly collected pods of D, sissoides

Locality Seed yield | Number of | % of | % of | % of
weight (%) | sound seeds per | sound damaged. | unreieased
ke. of pods seeds seeds seeds
Panthanthode 33 15180 96 3 1
(1 (860) (2) (2} 9]
Peruvaripallam 21 5530 88 9 3
(1) (720) ()] 0.2)
Sholayur 26 10810 - 84 5 H
(6) (2260) (6) (2) ()
Pooled Mean 1 26.67 10507 39.33 5.67 5.33
. 1(6.02) (4832) - (6.11) (3.06) (4.93)

*The figures in parenthesis indicates 8.E of mean value

If the seeds are not dry during collection, the pods can be oven-dried and
seeds extracted using seed scarifier. About 89% of seeds can be extracted by a
seed scarifier by this method. The results of seed extraction by e\..’a'z—é:'_—-'ing. is
given in Table 32.
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Table 32. Details of seed extraction of D. sissoides by even-drying

Locality : Tree - Fresh  : Oven-dry : Number | % of | % of i % “of
: number  © pod { pod of seeds | sound | damaged unreleased

* weight weight(g) seeds seeds seeds
 (g)

Panthanthode PDs 2 and . 275 269 13231.00 | 826 2.6 15.00

' PDs3 |

. ' PDs-2 215,00 ; 214.00 1258800 | 80.3 3.5 16.00

. PDs-1 232.00 1229.00 2830.00 | 96.2 1.9 2.00

Peruvaripallam | PDs-2 295.00 129200 3626.00 | 82.6, |3.6 10.00

Sholayur SDs-1 322.00 | 314.00 3089.00 1831 |47 13.00

Mean _ 1 267.80 1263.60 3072.80 | 85.0 33 11.20

* Methods of extraction and seed purity
‘Seed purity was higher when the seeds were extracted by a seed scarifier than a

metal grating. Details are given in Table 33.

Table 33. Purity of D. sissoides seeds extracted
by different methods

Method of extraction | Purity %
Rubbing on a metal grafing | 85.12 (2.474)
Seed scarifier 96.847 (1.29)

(Figures in parenthesis indicates S.E. of mean value).

Pod characteristics

Pod length, width, thickness and number of seeds per pod do not vary much
‘between localities but there is considerable variation in number of pods per kg. In
general, pod length varies from 3 to 10 cm; width, from 1 to 2 cm; thickness, from
0.1 to 0.2 em; number of seeds (Plate 10) per pod, from 1 to 6 mm; and number of

pdds per kg from 5200 to 10100, Details are given in Table 34,
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Table 34. Pod characteristics of D, sissoides

Locality i Tree | Pod | Pod | Ped Number | Number~
number | Length | Width ! thickness | of seeds ! of pods
{_(cm) {em) ¢ (cm) perpad | perkg
Range . i Range ' Range Range Range
Panthanthode PDs-2 3-8.5 1-1.3 0.1-0.16 1-5 8800-9500
& (5.08)* : (1.08) ! {0.13) (2.25) (9183)
PDs-3
" PDs-2 | 4-78 1-1.3 0.1-0.15 | -3 - 7800-8500
: ©:08) 1 (LI ! 0.12) (2.46) (8188)
" PDs-1 3.3-9 1-1.5 0.1-0.2 1-6 7500-8200
(6.07) | (1L.13) | (0.10) (3.44) (7890)
Peruvaripallam | PDs-2 4-10 [.1-1.6 { 0.1-0.18 1-5 5200-6100 B
' (7.3) (147) 1 (0.13) (2.62) (5730) *
Sholayur SDs-1 4-9 1-1.9 0.1-0.15 1-5 8600-
(5.93) 1(1.22) |(0.12) | (2.86) 10100
(9389)
Pooted mean 6.09 1.203 0.12 2.728 8062
X0.70) | %0.14) | *0.01) | *(040) | *627)

Figures in parenthesis indicates mean value
* figures indieates S.E. of pooled mean

Seed characteristics

‘There is considerable variation in weight of 1000 seeds, seeds per litre,
seeds per kg between localities. . In general, seed length varies from 5 to 7 mm;
width, from 3 to 5 mm, thickness, from 0.05 to [.2 mm; number f)f seeds per pod,
from 1 to 6; and 1000 seed weight varies from 25 to 38g. Number of seeds per litre
vafy from 19000 to 31000 and seeds per kg vary from 26200 to 45500. The details

are given in Table 35.

Table 35. Seed characteriétics of D. sissoides

Locality Tree Seed Sead Seed Weight Number of | Number of seeds
number | length width | thickness | of 1000 seeds /litre per kg
(cm) (cm) (em) seeds (g)
Panthanthode PDs- 0.5-0.63 | 0.33-0.5 | 0.05-0.1 |26 25240-29820 | 38900-39200
243 (0.56) (0.41) (0.09) (27501) {39047)
" PDs-2 0.53- 0.3-052 ;0.1-012 |25 37300-39480 | 38000-40000
0.64 {0.42) (0:10) (37853) (39586)
(0.57)
» PDs-1 0.5-0.7 :0.3-0.5 0.05-0.1 |25 28506-30666 : 40000-45500
(0.55) (0.3 {0.09) (29642.7) {43368)
Peruvaripallam | PDs-2 0.4-0.6 |03-045 {0.05-0.1 |38 27560-29480 | -26280-26300
(0.54) (0.37 (0.09) (28593) (26293)
Sholayur 1 SDs-1 1 0.5-0.74 1 0.33-0.5 ;0.1-0.12 : 28 19580-20000 ; 34000-37000
L0611 (042) i (0.10) (19985) (36024)
Over all mean 1057 1040 0.09 284 287145 36863
’ *0:03) { *0.01) *(0.00} *(4.93) *(6365.2) *(5778)

Figures in parenthesis indicates mean value: * figures indicates S.E. of pooled meun

65




Table 36. Mean pod and seed characteristics of seeds of D, «
sissoides from different localities

Seed Characteristics Localities ;
. Chinnar . Dhoni | Wayanad |
Length of pod (cm) 1 06.16 | 06.30 | 05.80
Width of pod (cm) 01.42 01.68 01.78
No. of locules per pod 03.50 04.40 05.00
No. of seeds per pod . 10320 04.00 04.60
% discoloured and deformed | 22.00 33.00 26.00
seeds

2.4.3.2. Methods of drying and gérminaﬁon

Seeds extracted from pods soon after collection (E1) as well as those
extracted after oven-drying (E2) germinated equally well with 96% germination.

The details are given in Figure 10.

Figure 10. Germination percentage of D.
sissoides seeds dried by different

methods
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Germination was better (86%) for seeds are extracted fom rods as

compared to broken pods (45%) and intact pods {23%]) (Table. 37}
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Table 37. Germination percentage of various dissemination units of D.

sissoides

Dissemination unit

Germination % 15 days
after sowing

Number of days
required for

COMMAIEncing

: _ l germination

Dhoni | Kuppadi ; Mean | Dhoni | Kuppadi
Full pod (germination % |31 15 23 5 3
based on number of seeds) :
Pod pieces (1 seed in each . 67 23 45 3 3
piece)
Seed - 86 86 .- |

.2 data not available

2.4.3.3. Locality and germination

There is not much difference in germination percenatge of seeds collected

from different localities, perhaps because the localities were nearby. Panthanthode

and Peruvaripallam gave 95.5% germination six days after sowing whereas
p g g Y g

Sholayur seeds gave 95%. The details are given in Figure 11.-

Figure 11. Germination pei’centage of D. sissoides seeds
collected from different localities
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2.4.3.4. Media and germination

Rolled towel is the best germination medium closely followed by top of
paper under laboratory condition. Vermiculite and berween paper stand next.
Quartz sand gave the least germination. The details are given in figures 12 (a), 12

(b), and 12 (c).

Figure 12(a). Germination percentage of D. sissoides seeds of
locality-1 sown in different media
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Figure 12(b). Germination percentage of D. sissoides
seeds of locality-2 sown in different
media
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Figure 12(c) Germination percentage of D. sissoides seeds of
locality-3 in different media
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2.4.3.5. Light and germination

Table 38. Details regarding the light conditions provided
for the experiment

Type of covering | Quantity of Photosynthetically Active
Radiation
{micromole /m/s)

Laboratory Nursery | Open
shed ground

Nil & 216 1619
Transparent sheet | 6 197 1535
{Full light)
Translucent sheet | 4 138 1095
(Partial light)
Black pelythene 0 0 10
sheet (Zero light)

Test No. 1: Germination percentage of seeds was not signiﬁc.a"ntly affected by the
level of light and it was good both in partial and in zero light (78%) conditions,

However seeds kept under nursery condition gave more germination than seeds
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kept under Iaboratofy condition probably because of the better temperature

conditions. The details are given in Table 39.

Table 39. Effect of light on germination of D. sissoides seeds

Laboratory. : Nursery
% germination at 10 days ! % germination at 10 days
after sowing after sowing
Shade :
Shoiayur Panthanthode | Sholayur | Panthanthode
Translucent polythene | 87.5 75.5 91.5 83.8
sheet (Partial light)
{'Black polythene sheet | 81.3 1783 86.5 82.3

(Zero light )

Test No. 2: This test further confirms the insignificant role of light on germination
of D. sissoides seeds. Seeds from two sources kept in full, partial and in zero light

conditions in the nursery gave more or less the same trend. The details are given in

Figure 13.

Figure 13. Effect of light on germination of D. sissoides seeds
from different sources
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2.4.3.6. Effect of seed size on germination

Cumulative germination percentage was high for large sized seeds.
Percentage of fungal infection was less in large sized seeds than in small sized
seeds. After 12 days seeds were analysed for heaithy and infected ones. The details

are given in Table 40.

Table 40. Table showing percent germination, infected seeds
and healthy ungerminated seeds of D. sissoides 12
days after sowing '

| Size Weight | Cumulative | %  of | % of healthy
category  of 100 | germination infected ; ungerminated
seed ' seeds (g) | Yoat 12 seeds seeds

days after '
. | sowing

Small 9.64 ¢ 89.5(480) 15.75 0.002
{n=400)
Large 12.19 84 (2.9) 10.25 0.002
(n=400) .
Deformed | 0.49 69 . 31.03 -
(n=29)

(Figures in parenthesis indicates S.E. of mean valug)
— indicates data not available

2.4.3.7. Seed pathology of D. sissoides

Seed characteristics and dry seed examination

Seeds collected from three different localities in the State viz., Chinnar,
Dhoni, and Wayanad were found to be moderately affected by spermoplane
microorganisms and insects. The seeds from each locality could be categorized
into apparently healthy, discoloured, and deformed seeds. Percentages of seeds
belonging to such categories were 78, 13 and 9 respectively in seedlot from
Chinnar, 67, 21 and 12 respectively in seedlot from Dhoni and 74, 17 and 9
respectively in seedlot from Wayanad. The average weight of 100 seeds for the

three categories were 3.00 g, 2.20 g and 1.9 g respectively for Chinnar, 3.01 2.52

[is}

[+
g, and 2.10 g respectively for seeds from Dhoni, 3.05 g, 2.92 g, and 2.71
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respectively for seeds from Wayanad. The weight of 100 seeds from the pooled

~samples from the three localities ranged from 3.00 to 3.25 'g while the moisture

content of seeds from different localities ranged from 12 to 15% {Tab
seed/fruit characteristics viz., lengih and width of pod, number of locules in each
pod, number of seeds per pod, etc. also showed considerable variation in seediots
from these three localities (Table 36). A high percentage of discoloured and
deformed seeds inside the pods indicates the possible infection by the field fungi

“during the developing stages of fruits and seeds.

Seed microflora

- -A- rich “‘microflora corﬁprising 16 fungal genera, together with mycelia
sterilia, bacteria and actinomycetes were detected on seeds of D. sissoides
collected from different localities (Tables 41-43). Most microorganisms were
encountered on unsterilized seeds in blotter tests. Among the seediots, those from
Wayanad and Dhoni, harboured more number of spermoplane microbes than the
‘seeds from Chinnar. The spermoplane microbes detected inciude the common
storage fungi, field fungi, bacteria and actinomycetes. Among the storage fungi,
Aspergillus spp., Penicilium spp. and Chaetomium sp. were the predominant ones.
The incidence of these storage fungi ranged from 38 to 69%. However, the
‘occurrence of field fungi like Alternaria sp., Curvularia sp., Drechslera sp.,
Bipolaris sp., Fusarium spp., Pestalotia sp., Phoma sp., etc. in all the three lots
ranged from 4 to 41%. Seeds from Wayanad and Dhoni were found infested by
large number of field fungi and their percentages were 41 and 34 respectively.
While seeds from Chinnar recorded only a few field fungi and their percent
incidence was less than five. As expec.ted, the fungal genera, their frequency of
occurrence as welil as intensity of infestatioh was more in unsterilized seeds from
all the three localities. Surface sterilization of the seeds with 0.01% mercuric
chloride solution considerably reduced the occurrence of the fungal genera to 1-3
and also the percent incidence to 6-10. Even though bacieria were detected on
seeds from all the three localities, their incidence was substantally reduced by
surface sterilization and also by other seed pre-treatments. Coid water, hot wéter,

and acid treatments carried cut to enhance the seed germinability, were also
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effective in excluding most of the spermoplane microflora. Seed health test
employing agar plate method could detect a large number of field fungi like
Colletotrichum gloeosporioides. Curvidaria sp., Fusarium pallidoroseum, Phoma
sp., Pestalotia sp., etc. Of these C. gloeosporicides was encountered in high
frequency on seeds from Wayanad (25%) and Dhoni (10%). The percent incidence
of Fusarium (mostly F. palh'doroseum) also ranged from 6-18 in all the seedlots.
Many of these field fungi are potential pathogens of Dalbergia sissoides seedlings
in nurseries. The results indicate that at least 2 few of these fungi which are

possibly seed-borne may play a role in deterioration of seeds in storage as well as

incidence of seedling diseases in nurseries.

Growing-on test

Seediing emergence started 5 to 7 days after sowing in the sterile perlite
medium and continued up to 16 days. Most séedlings emerged within 10 to 12
days of sowing. Percentage germination (56) was found lower than that obtained
by blotter method. Seedling infections viz., collar rot caused by Fusarium sp. and

leaf spot caused by Colletotrichum gloeosporioides were recorded.

Seed pre-treatment

" Pre-treatments of seeds viz., soaking in cold water for 24 hr, dipping' in het
water and then soaking in cold water for 24 hr to break the seed dormancy and to
enhance the seed germination indicate that both the seed pre-treatments were
equally effective in increasing the germinability of seeds of D. sissoides (Table
44). Highést percent germination of 96 was observed with cold-water treatment of

seeds from Dhoni.



Table 41. Sperinopiaiie microorganisms detected on seeds of D, sissoides {Chinnar
1998 seedlot) by blotter and agar methods and their percent incidence
S, Microorganism Blotter method Agar piae
No. % incidence method
i %incidence
NSS* | S§ HW | CW A
1 Alternaria sp. - { 8.00
2 Aspergillus sp. 12.00
3 Aspergillus niger 16.00 10.00 | 06.00 | 8.00 10.00 18.00
4 Chaetomium sp. 03.00
4 Curvularia sp. 08.00
5 Fusariunt sp. 03.00 06.00 14,00
6 Paecilomyces sp. 01.00
7 Penicillium sp. 06.00
18 - Trichoderma sp. 03.00 02.60 10400 & 8.00 08,00
9 Verticillium sp, 01.00
10 Stertle myceiium (black) : 14.00 - 14.00
11 Bacteria - 09.00 i6.00 ; 08.00 : 8.00 8.60 22.00
12 Actinomycetes ; 600 400 | 04.00

* NSS: on-surface sterilized; SS: surface sterilized; HW: hot water treatment; CW: cold water treatment; A sulphuric acid
treatrment

Table 42. Spermoplane microorganisms detected on D. sissoides seeds (Dhoni
1998 seedlot) by blotter and agar plate methods and their percent
incidence in different treatment

Sl No. | Blotter metod Agar

Microorganism % incidence plate

NSS 38 HW CW method
o
incidence

i Alrernaria sp. 04.00
2 Aspergillus spp. 03.90 06.00
3 Aspergiilus niger 15.50 08.00
4 ‘Chaetomium sp. 2.00
3 Colletotrichum gloeosporicides 03.00 16.00
6 Curvilaria sp. 04.50 (4.00
7 Dreschelera sp. 03.00
8 Fusarium sp. 08.50 6.00 06.00
9 Mucor sp. 01.30 08.00
10 Penicillium sp. (9.00 02.00
11 Des.alona Sp. 1 02.5 0400
12 i Phoma sp. ! 07.00 : 04.00
13 i Trichoderma sp. £ 07.50 6.00 6.00
14 i Trichothecium sp. { 00.75
15 | Ferticillium sp. P 0130 ]
16 : Sterile myceiium {White) L R0 i 2.00 P 0200 ;064
17 * Sterile mycelinm {black) L0600 i : L0060 g
18 . Bacteria T35 900 18D S120_ 060
19 Actinomycetes 05.00 - S 660 L 4G - 06.0 : i

*55; non-sorface sterilized; 85: surface sterilized; HW: hot water

wreatment: CW: coid water treatment
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T

Spermoplane microorganisms detected on D. sissoides seeds (Wavanad
1998 seedlot) blotter and agar plate methods and their percent
incidence in different treatments .

Table 43.

Blotter method Agar  plate

SL Micororganisms % incidence i method
No. NSS 5SS HW CW | % incidence
| Alternaria sp. 07.00 -
2 Aspergillus spp. 2.00 6.00 04.00
3 Aspergillus niger 18.00 i 06.00 | 4.00 6.00 03.00
4 Bipolaris sp. 02.00
5 Cephalosporium sp. 03.00

-6 --+-Colletotrichum sp. 05.00 25.00
7 Dreschelera sp. 06.0G | 42,00
8 Chaetomium sp. 06.00 : 06.00
9 Curvularia sp. 04.00 4.00
10 | Fusarium sp. 05.00 18.00
11 | Mucor sp. 01.00
12 | Paecilomyces sp. 04.00
13 | Penicillium sp. 08.00 4.00
14 | Pestalotia sp. 02.00
15 ! Phoma sp. 07.00 . 8.00 6.00 17.00
16 | Trichoderma sp. 12.00 1 08.00 | 6.00 |.4.00 12.00
17 i Verticillium sp. 03.00 |
18 | Sterile mycelium (black) . 08.00 - 2.00
19 | Sterile mycelium (White) | 09.00 6.00
20 | Bacteria [ 28.00 :12.00 | 6.00 14.00
21 | Actinomycetes 10.00 ; 04.00 | 4.00 4.00 2.00

Table 44. Effect of various seed pre-treatments on percent germination of
D. sissoides seeds collected from different localities in the State.

Locality Zone Sub-zone Percent germination

- . NSS | SS | HW | CW
Dhoni KL3 b L 38 | 47 . 8 1 9
Chinnar KL2 b L4 0 14 | 20 § 38
Wavanad KL3 c 54 64 1 94 | 80

*NSS: non-surface sterilized:SS: surface sterilized: HW: hot water weatment;
CW: cold water treatment
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Plate 9. Mature pods of D.

sissoides




2.4.4. Neolamarckia cadamba
Seed collection areas

In Kerala, N. cadamba grows in moist deciduous (nearly evergreen) forests of
Dhoni, Nilambur, Wayanad and Konni near and along streams. At Kannimangalam in
Malayattur Division this species is grown as a plantation crop by the Kerala Forest
Department. Seed trees were identified at all the three Zones. In Zonel, the seed trees
were identified at Aruvapalam at Koﬁni Sub-zone. In Zone 2, the seed trees were
identified at Kannimangalam in Malayattur Sub-zone and at Irinjalakkuda in Thrissur
Sub-zone. In -Zone- 3, the seed trees were identified at Mukkali and Dhoni in Palakkad
Sub-zone-and at Nellikkuthu in Nilambur Sub-zone. Tallest tree observed at Mukkali
had a height of 45m and the one with largest girth measured 328cm at Vayakkara in

Konni Sub-zone. Details of trees marked are given in Table 45.

77



Table 45. See_d collection areas of V. cadamba in Kerala

--— not available

*The distance between trees is more than 100 m except for. OAc-2 and OAc-3.

Seed- | Sub- zone Locality Tree No. GBH | Height

~Ama £ ) frmny
KL-1 | Konni - Naduvathumuzhi ; NAc-1 0223 34
E NAc-2 221 131
Vayakkara VAc-3 328 42

: VAc-4 131 21

KL-2 | Murnnar Adimali VAc-1 — men
Kannimangalam | KAc-1 - -

Malayattur KAc-2 173 34

KAc-3 139 30

KAc-4 140 27

E KAc-5 135 21

KL-3 | Palakkad Dhoni DAc-1 218 45
DAc-2 138 27

: Mukkali MAc-1 278 45

Nilambur Nellikkuthu NAc-1 257 21

NAc-2 315 43

NAc-3 230 34

NAc-4 180 27

NAe-5 200 14l

NAc-6 250 30

Wayanad Ondayangadi OAc-1 190 20

OAc-2 1A) 1167 21

OAc-3(1B) 213 29

OAc-4 187 33

OAc-5 175 121

OAc-6 151 25

OAc-7 133 29

OAc-8 170 29

OAc-9 104 18

OAc-10 124 22

OAc-11 148 119

OAc-12 104 17

OAc-13 147 124

- OAc-14 (081 |14

. OAc-13 165 22

OAc-16 - 110 17

OAc-17 ' 140 22

NAc-1 Naduvathumuzhi 4rrhoephalus chinensis number 1; VAc-1 Vayakkara 4uthoephalus chinensis number |

AAc-1 Adimali Anthoepitalus chinensis number 1; KAc-1 Kannimangalam Anrfioepiialus chinensis number 1

DAc-1 Dhoni dnthoephalus chinensis number 1; MAc-1 Mukkali dnthoephafus chinensis number 1

NAc-1 Nellikkuthu Amhoephaius chinensis number 1: OAc-1 Ondavangadi Anrhoephaius chinensis number |



Phenology of flowering and fruiting

In Kerala, flowering occurs during May-July. Fruit collection period is

generally from August-November. In Nilambur, fruits are avaiiable from early August

to October. At Kannimangalam, Wayanad and Irinjalakkuda, fruits are available from

September to November. Peak period of collection is September. Details regarding

phenology of flowering and fruit collection, fruit crop assessment is given.in Table

46.

Table 46. Phenology of flowering and fruiting of N. cadamba in Kerala

Zone | Sub-zone Locality | Year | Flowering | Fruit collection | Seed
period period crop
KL-1 | Konni Aruvapalam 1998 June-July | September- -
B October
KL-2 | Malayattur : Kannimangalam ; 1998 June-July | Mid August- Poor
October
| 1999 June-July | September- Average
: November
- Thrissur Irinjalakkuda | 1999 June-July : September- Poor
_ : November
KL-3 | Palakkad | Mukkali : 1998 June-July | Septernber- ' Poor
o Ociober
Dhoni 1997 e | November . Good
11998 | June- July | August-mid Good
' November
1 1999 " Sept-mid Good
_ November
; Nilambur Nellikkuthu 11997 ] e November Good
: 11998 | June-July | Mid  August- | Good
' October
11999 | May-June | Mid  August- | Good
- | Early October
Wayanad | Ondayangadi | 1998 ! June-July | Mid  August-; Poor
“ : October
11999 September- Poor
November -

--- niot available
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2.4.4.1. Fruit collection and seed’éxfraction

As most trees are tall and the fruits fall soon after ripening, collection from
forest floor is the most convenient method. From small trees, {ruits were cotlected
using a stick with attached sickle. Fruits were sun-dried until they became brittle and
seeds were extracted by rubbing the brittle fruits on a metal grater (Plate 11). Seeds

were separated from the chaff by sieving through a 0.5 mm sieve.

In wet method of extraction (Pl.ate 12), fruits were allowed to rot for three to
four days and rotten fruits were crushed in water and the seeds were éeparated from
the slurry by repeated pouring out process. Slurry was sun-dried and pure seeds were

-separated using a 0.5 mm sieve. Both the methods of extract@on (sun-dry and wet) are

equally good, but wet method of extraction is time taking and tedious.

Fruit characteristics

Fruits measure 3.7 cm to 5.1 cm in length and 3.6 cm to 5.3 ¢m in diameter.
Fresh weight of a fruit varies between 12 g and 72 g, number of capsules per fruit
varles between 470 and 905. Capsule length varies between 0.75 cm and 1.32 cm,
width varies from 0.25 cm to 0.35 cm. Number of seeds per capsule vary between 25

to 100. The details are given in Table 47.
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Table 47, Fruit characteristics of V. cadamiba

Sl Locality Date  of | Tree no.. Mean
No. : collection ! Fruit 1 Fruit ' Fragh ] Number E Mumber ! Capsule. ! Cangula l Dadunsle
. _ clame | length | weight  of . of seads : length :
: P ser : (em} of a capsul; per fruit {em)
H Pemy single Per fruit
fruit
(2)
i Nellikkuthu | 14/i197 | Different | 528 | 5.14 72.14 754.5 39.75 —_ — -
feees @O | (353) | (@694) | (2801
{0.20
2 - 17/10/98 | NAc-4 241 149 33.53 5715
(0.52) | (0.2) (1032) ! (108.5)
3 " T/10/98 | NAc-(1) | 436 | 445 | 1256 497.5 — — — -
mixed (0.22) (0.45) (166.1)
{017 '
4 Mukkali | 24/09/98 | MAc-l 4.16 | 4.09 3643 598
_ - 5 @23 | 047 1 (609 {188.2) :
s Dhoni [8/09/08 | Dac-l 431 143 - —
,‘ ; i (0.63) | (G45) ?
6 . L Dac2 473 | 396 e D — — .
1055y | (063)
7 . 2211098 | DAc-l 406 | 407 20.78 0.75 0.25 [ 2.05
024y 1 (017 ©13) 0030 | 007
(0.32)
3 w N Mixed-1 | 478 | 4.26 27.76 4735 - — - P
(048) i (547 (115.2)
(0.44)
9 i, © loon1m98 | Mixed-2 ! 484 | 482 42.63 5374 96,64 | - .
043) | e3in faesh) | B3 f
; L (0.43) | : ;
0 1, - | DAc3 D462 140 490 779 91.4 i 128 i 032 P25
' - (026 (053 (103.8) | .(7.14) (1.08) (0.03) i (036)
{0.41)
It . 22110098 |, 46.73 691.5 - - -
@257y (3726)
12 . " Mixed-2 | 447 | 4.71 34.18 904.5 -
(087 1 (03D | (153 | 2263
13 "Kannimﬂngalam 19/09/98 Kac-6 4.36 447 —- — -—- — . - -
(0.54) | (0.67)
[NER - | KAl 358 1366
! (0.50) | (0.31) _
(5 . : 061198 1 KAc-S 463 3m - 683.3 28.00 — -
i : o | {036)  (0.1T) (4030) ! (10.30) -

{Figures: in parentheses 5. E. of Mean v:'.i'.:;:)
---data ot availzbie .
Quantity of seed obtained from lkg fresh fruit after wet method of extraction
is 23g to 30g, lkg sun-dried fruits yield 81g to 270g seeds. 1kg oven-dried fruits

yielded 190g to 250g seeds. The details are given in Table 48.
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Table 48. Details of seed extraction method and weight of seed obtained

S1 No. } Locality Date  of | Tree No. | Fresh | Dry Method of ! Weight | Weight
| collection weight | weight of | extraction | of seed | of seed
: : : “of fruit ‘ obtaine © obiained
: P fruit | {g) (d g from one
] ) o t | kg fruit
1 Kannimangalam | 19/09/98 | KAC-6 |- 082.10 ! Sun-dry 10.24 124.75
2 Dhont 18/09/98 | DAC-1 11230 03010 08.00 265.98
3 . ” DAC-2 |- 04243 | 0776 182.88
4 7 07/10/98 | DAC-3 ! - 38440 45,79 119.12
5 ' 22/10/98 Mixed-1 ! - 204.20 : > 35.36 173.16
6 »? ~ 09198 | Mixed-2 | 112.00 03216917 07.29 230.00
7 ” i Mixed-2 | 203.00 07386 1 7 16.08 217.70
8 * i DAC-3 1 274.14 -1 Wet 06.50 023.71
9 i ” Mixed-2 | 170.75 - 05.23 030.62
10 "’ e DAC-3 | 533.00 163,74 | Oven-dry 40.15 24520
11 ” ” Mixed-2 | 161.77 05992 1 . 11.68 194,92
12 Mukkali 24/09/98 MAC-1 | - 052.05 | Sun-dry 05.61 107.78
13 i Nilambur G7/10/98 NAC-4 | - 38440 ¢ 45.70 118.88
14 P i 06/10/98 NAC-3 - 05891 " 4.78 081.14
15 Ondayangadi 09/10/98 OAC- - 11997 : . 10.25 08543
Mixed

-- not available
Seed characteristics: Seed length varies between 0.59 mm to 0.68 mm and width
between 0.41 mm to G.48 mm. The details are given in Table 49.

Table 49. Seed characteristics of N, cadamba

SI. | Locality Date of | Tree No. Mean Mean
No. : collection length width
_ _ (mm) (mm)
1 Kannimangalam | 06/11/98 | KAc-5 0.6023 04133
(0.0783) i (0.0660)
2 Nellikkuthu 17/10/98 : NAcl-Mixed ! 0.6726 0.4750
' | . (0.0581) :{0.0369)
3 - Ondayangadi | 09/10/98 | DAc-Mixed | 0.6764 (.4693
; (0.0412) | (0.0430)

4 Dhom  09/11/98 | DAc-3 10.5909 | 0.4351
f 1 (0.352)  (0.414)

(Figures in parcntheses S. E. of Mean \-'aiue)




Weight of 1000 seeds varies from 0.035 g to 0.043 g 2,30,00,000 to

3,12,50,000 seeds weigh a kilogram. Details are given in Table 50.

Table 50. Table showing 1000 seed weight and seeds per kg

SL ! Locality Tree No. | Date  of | Method of : 1000 seed : Seeds per
No. collection | extraction | weight{g) ! kg
1 Kannimangalam | KAc-§ 19/09/98 | Sun-dry 0.0378 27027027
2 * O 106/11/98 1 Wet 0.0378 27027027
3 " Mixed 07/11/98 ” 0.0320 31250000
to ' (0.0001)
10/11/98 .
4 Mukkali MAc-1 24/09/98 | Sun-dry 0.0425 23529411
5 Nilambur NAc¢(R)-3 | 07/10/98 »” 0.0418 23923444
— (0.0018)
” NAc(L)- L Wet : 0.0421 23752969
Mixed L (0.0003)
7 ” NAc-4 1 17/10/98 | Sun-dry 0.0431 23201856
{0.0010)
8 Dhoni DAc-1 18/09/98 ”? 0.0415 24096385
(0.0012)
9 ” o 122/10/98 | Wet 0.0367 27247956
(0.0014) |
10 > Mixed-2 7| Sun-dry 0.0355 128169014
11 i Mixed- 1 v 0.0355 | 28571428
12 ” Mixed 109/11/98 | Wet 0.0388 25773195
13 ” DAc-3 T 0.0348 28735632
{0.0028)
Over all mean 0.0388 26331180
(0.00036) i (2509548)

Figures in parenthesis indicate the S.E. of Mean value

2.4.4.2. Methods of extraction and germination

Sun-dry and wet method of extraction gave more or less equally good

germination (70-75%), whereas oven-drying at 50°C reduced germination probably

- due to lethal effect of temperature. The details are given in Figure 4. .
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Figure 14. Germination of N, cadamba seeds extracted by different methods
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2.4.4.3. Method of extraction on seed purity and moisture content

Seed purity

Seeds extracted by wet method were 99% pure sun-drying 87%, and oven-
-drying 85%. On purity basis wet method is better than the dry methods. The seeds

" extracted by different methods showed nearly same moisture content. The details are

given in Table 51.

. Table 51. Purity percentage of seeds extracted by different methods

Seed lot! ° Percentage of Purity Moisture content %
number Sundry | Wet ! Ovendry ! Sundry | Wet Oven dry
1 86.2 99.0 | 84.1 1.8 1.9 [1.8

2 86.6 99.0 {852 11.3 1i.0 1.7
Mean 86.7 99.0 | 84.6 1.2 114 11.8

2.4.4.4. Effect of season of collection and media on germination

Seads collected during the late seed season (November) gave maximum
germination (figure 15). However whether it is due to freshness of the seeds or due to

the season needs confirmation. Studies on germination of seeds from three different
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sources using polyurethane and sand as media showed that best germination occurs. on
poiyurethaﬁe foam (33.5%, 56.25% and 65.8% for the sources S1, S2 and S3
respectively) followed by quartz sand (56.25%, 22.889%, 5004 -for the sources S1, S2
and S3 respectively). Germination towel in laboratory condition is a poor medium (0
%) The details of germination are given in Figure 15.. Contrary to this finding,
Beniwal and Dhawan (1991) reported a germination of 75% in germination paper in
Iabofatary condition than the seeds sown in nursery soil, sand, sand/soil (1:1),
soil/sand/ FYM (1:1:1).

Figure 15. Effect of media and season of collection on germination
of N.cadamba seeds
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Table 52. Details regarding the light conditions -
provided for the experiment

Type of covering | Quantity of Photosynthetically
Active Radiation
(micromole /m?/s?)

Laboratory | Nursery : Open
shed ground
Nil 8 216 1619
Transparent sheet | 6 197 1535
Translucent sheet ! 4 {138 1095
Black polythene 0 0 0 |
sheet |




Of the three light conditions provided (zero, pértial,.and full) in nursery and in

laboratory, germination was better in full and partial light conditions as compared to

—mam P Lo B A T . i TS i T
ZET0 NEZIL COnAQtcn. i n€ Gfiaiis are given in F:,_'-:ui“: 10,

4 1#]

Figure 16. Effect of light on germination of N, cadamba seeds

—@——Laboratory Full

5 light

3 —%%&— Laboratory

3 Partial light

S— T
5 —&—"Lakoratory zerc
| T:":u fight
! § Nursery Full
& light
: —H— Nursery Partial
tight

—@— Nursery zero
) ‘ i ! light [
i 9 13 17 21 25 29 33 37 41 45 i
|
|

Days after sowing ;

~ 2.4.4.6. Fruit colour and géfmination

Fruit colour and seed colour at different stages of their maturity is shown in

plate 13 and described in Table 53.

Table 53. Fruit and seed colour of N, cadamba

Colour of the fruit | Colour of the seed
Very light green Light cream

Light green Light brown

Cactus green Brown

Greenish yellow Brown

Golden yellow Deep brown .
Yellewish brown | Deep brown
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Seeds with light brown to deep brown colour are physiologically mature

enough to give germination above 80%. Fruits enclosing such seeds develop colour
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Figure 17. Effect of fruit colour on germination of N.
cadamba seeds
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2.4.4.7. Seed pathology of N. cadamba

Dry seed examination

Seeds collected from four differeht localities were subjected to the studies.
The minute seeds exhibited marked discolouration, especially- in seedlots from
Walayar and Kannimangalam. Surface molds were also observed on discoloured
seeds. No attempt was made to categorize the seeds into apparently healthy,
discoloured and deformed seeds from each seedlots due to practical problems.

Seed microflora

Seeds from all the four localities in the State showed comparatively poor
microflora represented by 2 to 3 fungal genera belonging to the group of storage fungi
and about 5 field fungi. The percent incidence of all the spermoplane microbes was
also less and ranged from 1 to 8. As usual,. more number of microbes harbourad
unsterilized seeds than surface sterilized seeds. Interestingly, surface sterilization of
‘seeds from Kannimangalam completely excluded the spermoplane fungal flora.

Aspergillus spp, Chaetomium sp., Mucor sp. and Trichoderma sp. were the storage
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fungi encountered while, Colletotrichum gloeosporioides, Drechslera sp., Fusarium

sp. Pestalotia sp. and Phoma sp. were the field fungi recorded. Association of bacteria

A Al alie magem
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t
L
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. treatments (Tables 54-57). Seed pre-treatment with sulphuric acid to enhance the seed

germination aiso heiped in removing the spermoplane fungal fiora. The treatment was

highly effective and no fungal flora except sterile mycelium was observed on treated

seeds. Agar plate method also yielded only a few fungal Species_ffom the secdlots

from different localities. Fusarium oxysporum, Phoma sp., Pestalotia sp., etc were the

important field fungi found associated with the seeds.

Seed pre-treatment

-————-—In blotter test, both unsterilized and surface sterilized seceds from the four

different localities gave a very low percent germination, which ranged from 0 to 13.

Hence, sulphuric acid treatment was carried out and comparatively high percent

germination was obtained for all the seedlots, which ranged from 22 to 43. Highest

percent germination of 43 was obtained for seedlot from Nilambur (Tabie 58).

Table 54. ‘Spermoplane microorganisms detected on seeds
of V. cadamba (1998 Dhoni seedlot) and their

percent incidence

Sl Blotter method Agar plare
No Microorganism % incidence % incidence
. NSS' | Ss I A

1 Alternaria_sp. 1 - {

2 Aspergillus sp. 13 | 2

3 Aspergillus niger 4

4 | Curvularia sp, 6 1 2

3 Drechslera sp. 2 i

6 Fusarium oxysporum 8

7 Pestalotia sp. 2

8 Phoma sp. 4 3 2

g Trichoderma sp. 3 i 4

10 | Bacieria 6 ! 4 4 3

*NS5: non-surface sterifized; SS: surfa¢

2 sterilized; A: sulphuric acid treatment
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Table 55. Spermoplane microorganisms detected on seeds of N. cadamba (1998 '
Nilambur seediot) by blotter and agar plate methods and their percent

incidence
P SL | Blotter method Agar plate
No. . Microorganism % incidence method
; : NSS . S Yoincidence
1 Alternaria sp. 1 ‘ 1
2 Aspergillus spp 3 4 2
3 Aspergillus niger 2 2
4 Chaetomium sp. 3
5 Curvularia sp. 2 1
6 i Colletotrichum gloeosporioides 1
7 Drechslera sp. 2 1
8 Fusarium oxysporum 2 2
9 Pestalotia sp. -3 1
10 Phoma sp. 3 3
11 Trichoderma sp. 4 2 1
12 Sterile mycelium (White) 2.
13 - | Bacteria L3 4 3
14 . Actinomycetes E 1

*NSS: non-surface sterilized;SS: surface sterilized; A: suiphuric acid treatment

Table 56. Spermoplane microorganisms detected on seeds of N cadamiba (1998
Wayvanad seedlot) and their percent incidence

SL - Blotter method i Agarplate
No. Microorganism % incidence method
NSS* SS A %incidence
1 Alternaria sp. 1 2
2 Aspergillus niger 2 2 2
3 Colletotrichum gloeosporioides 1
4 Curvularia sp. 2 1
5 Fusarium oxysporum, 4 2
6 | Pestalotia sp. 1 1
7 . Phoma sp. 3 1
8 | Trichodermasp. __ _ 3 2 1
9 Sterile mycelium (White) ; 3
10 : Bacteria P 3 2
11 | Actinomycetes 5 2 1

*NSS: non-surface sterilized: SS: surface sterilized; A: suiphuric acid treatment
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Table 57. Spermoplane microorganisms detected on seeds of N cadamba
(Kannimangalam 1998 seedlot) and their percent incidence

SL Blotter method | Agar plate |
No. Microorganism % incidence  method
NSS* SS 1A ! % incidence

1 | Alternaria sp. o1 2
2 Aspergillus spp. 4

3 Aspergillus niger 1 1

4 Colletotrichum glooeosporioides 1

5 Curvularia sp. 5 3

6 Drechslera sp. 1

7 Fusarium oxysperum. 2

8 Pestalotia sp. 2

9 - | Phomua'sp. I

110 | Mucor sp. 2

11 | Trichoderma sp. 2 1 1

12 Sterile mycelium (White) 2 2

13 | Bacteria 4 3 3 3
14 | Actinomycetes -1 1 1 1

*NS3: non-surface sterilized; 55; surface sterilized; A: sulphuric acid treatment

Table 58. Effect of various treatments on percent germination of N, cadamba
seeds collected from different agro climatic zones of the Siate.

Locality Zone | Sub-zone | Per cent germination
NSS S A
Kanimangalam KL-3 e 5 3 23
Nilambur Ki-3 c 2 4 43
Dhoni KL-3 b 10 13 30
Wavanad. Ki-3 € 0 3 P22

*NSS: non-surface sterilized; SS: surface sterilized; A: sulphuric acid treatment
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Plate 11. 1. Extraction. of V. cadamba seeds using metal graters 2. sieving the
seeds through 0.5mm sieve; 3. seeds extracted by sun- dry method




Plate 12. Wet method of seed extraction of N. cadamba fruits; 1. Rotten
fruits, 2-4 Siurry preparations




Plate 13. V. cadamba fruits .
1. N, cadamba fraits at different stages of their maturity (whole fruit)
2. N. cadamba seeds at different stages of their maturity (fongitudinal
section) '




2.4.5. Tectona grandis

Seed collection areas

Seed trees were identified and marked in all the three Zones as given in Table 59.

Table 59, Seed collection areas of Tectona grandis in Kerala

Seed | Sub-zone Locality Tree No. i GBH Height | Remarks
zone | s (cm) {m)
KL-I | Konni Aruvapalam ATg-1 163 18
: ATg-2 158 31
ATg-3 174 30
ATg4 200 31
KL-2 | Munnar Karimutty KTg-1 128 24
Alampetty | ATg-2 136 19
| ATe-3 096 11
| ATg-d 169 20
: ATe-3 144 17
ATg-6 © 169 is
ATg-7 i 108 10 Al and A2 are the
ATe-8Al 104 15 bifurcated branches at
ATg-8A2 089 ' the coller region
: ATg-9 127 16
Churulipetty F CTg-10 123 13
i CTg-11 117 15
: CTg-12 132 15
| CTg-13 L 109 12
| CTg-14
© CTg-13 L1 i
P CTg-16 L 108 12
: CTg-17 116 14
; ; CTg-Al i H
: CTg-A2 093 -
CTg-19 099 1
CTg-20 135 16
Malayattur Matayattur MTg-1 210 27
MTg-2 23 27
MTg-3 159 27
P MTg+4 184 24
Kamimangalam | KTg-1 157 2
KTg-2 147 27
; KTg-3 134 26
" KTg-4 P24 24
! KTg-da £ 190 21 4a denotes the tree is
P KTg5 L 160 22 within  100m  distance
P KTg-5a . 156 25 from thé tree 4
: KTe-6 171 29
{ Chalakkudi YVazhachai S VTgt : 080 18
: VTg-2 ' 130 21
D VTg-3 i 169 D24
: _ P VTt s 119
¢ Thrissur { Vetingapadam VTg-1 I3 13
H : VTe-2 {15 i 17
CVTg3 52
\Ta 43 19
: VTg-3 1eT 29
¢ KFRI. Peechi KTg-1 i7E 39
; KTg-2 168 26
KTg-3 D117 28
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KTg-4 116 18

KTg-5 154 24

KTg-6 135 20

KTg-7 160 28

{Tg-8 180 24

i KL-3 : Palakkad Kuthiran KTg-1 135 31
KTg-2 —

4 Pothundi PTg-1 134 17

PTg-2 170 28

Kottathara ATg-1 160 20

ATg-la 134 20

Dhoni DTg-! 132 17

: DTg-2 157 21

DTg-3 110 20

DTg-4 142 23

DTg-5 159 21

DTg-6 165 27

DTg-7 185 33

DTe-8 187 32

. DTg-9 242 28

Nilambur Netlikkuthu NTg-1 156 35
NTg-2 200 35

NTg-3 200 34

NTg-4 160 36

NTg-3 200 45

Nedungayam NTg-1 99 14

NTg-2 183 25

NTg-3 131 20

NTg-4 120 22

NTg-5 106 i8

NTg-6 by 19

NTg-7 1112 15

NTg-8 1114 is

: NTg-¢ 4 21
B : NTg-10 129 25
NTg-11 127 26

NTg-12 94 20

NTg-13 114 22

NTg-14 112 18

NTg-15 152 123

NTg-16 126 17

NTg-17 145 25

NTg-18 145 20

NTg-19 30 30

NTg-20 [ 101 20

Wayanad Kuppadi KTg-1 195 i3
- KTg-2 212 i5

KTg-3 208 20

KTg-4 124 18

KTg-5 138 20

- indicates data not available :
ATg-1 Aruvapalam Tecfona grandis tree mumber 1 KTg-1 Karimutty Tectona grandis tree number 1
ATg-1 Alampetty Tecrona grandis tree number 1 ; CTg-10 Churulipetty Tectona grandis tree number 10
MTg-1 Malayattur Tecrona grandis wee number t; KTg-1 Kannimangalam Tecrong grandis tree number |
VTg-1 Vazhacha Tecrona grandis tree number 1 V Tg-1 Veuingapadam Tecrona grandis tree number 1
_ £Tg-1 KFRI Tectona grandis ree number 1: KTg-1 Kuthiran Tecrana grandis tree number 1

PTa-1 Pothundi Tecrona grandis tree number 12 ATg-1 Attapadi (Kottathara) Tectona grandis tree number |
I Tg-| Dhoni Tectona grandis wree number 1 NTg- Nellikuthu Tecrong grandis tree number |
NTg-1 Nedungayam Tectona grandis tree number 1 KTg-1 Kuppadi fectona grandis wee number |
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Phenology of flowering and fruiting

- Teak trees flower generally during June to August-September and fruits ripen

from November to January. But an early flowering (May to July) was observed in

almost all the zones and early fruit ripening occurred in Malayattur of Malayattur

Sub-zone, Vettingapadam of Chalakkudi Sub-zone, Peechi of the Thrissur Sub-zone

and Kakkupadi of Palakkad Sub-zone. Fruits were available until March in most of
the Sub-zones except in Champakkad, Churulipetty and Karimutty of Munnar Sub-

zone, where fruits are availabie for collection even in May. Details are given in Table

60.
Table 60. Flowering and fruit collection period of Tectona grandis in Kerala
Zone | Sub-zone i Locality | Year Flowering | Fruit colleciion period | Seed crop*
P period :
KL-1 | Konni Aruvapalam 1998 — February Good
KL-2 : Munnar Champakkad 1998 | ==eem- February-May Average
. 1699 March —emam —
Churulipetty 1998 | —- February-May Average
‘ ‘1999 | March | ----- I
Karimutty 1998 —— February- May Average
! 1999 March ——
| Malayattur Malayattur 1998 | —- March . Poor
; Kannimangalam 1 1998 1§ --—- September-December | Poor
January-March Average
1999 May-July Average
* Chalakkudy @ Vazhachal 1998 March March. ' Poor
Vettingapadam 1998 | --em- October- December | Average
Thrissur KFRI,Peechi 1998 April-July | September-December Good
January-early March
1599 May-mid - Good
July
2000 March- - ---
- June
Kuthiran 1998 Nil Nil Nit
-1999 Nil Nil Nii
KL-3 | Palakkad Nelitampathy 1998 | ----- February Average
Kakkupadi 1998 May- July | October-December Good
January-March
1999 | -—-- Nil Good
Dhoni 1998 1 -—- Nil Nil
i 1999 -=—-- January-March Nil
; Walayar 1999 mm—m i Good
' Nilambur ! Netlikkuthu 1998 ¢ Nil January-March ¢ Good
5 1999 | Nil “Nil LNl
- Nedungayam L1898 | Nil Nil P Nil
L1999 [ Nil Nil _Nit
" Wayanad - Kuppadi (1999 - \ January-February . Good
—-not available ‘

* refers to the seed crop at the time of collection.
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2.4.5.1. Fruit collection and processing

Fruits were collected from the trees using a long pole and a hook and by
manual shaking on a plastic sheet, which was spread around the tree. Fruits were
toosely filied in a bag and vigorously rubbed to remove calyx from the fiuits. Chaff
was removed by winnowing.

Fruit characteristics

Fruit diameter with calyx varied from 0.9 to 2.3 c¢m and that without calyx,
from 1 to 1.57 cm. Fruit length with calyx varies from 1 to 1.53 cm and without calyx
from 1 to 1.44 cm (Plate 14). Indira ef al. (1996) reported that most of the useful seeds
(fruits without calyx) fall into the 0.9 to 1.8 cm category. In the present study, the
highest fruit diameter obtained without calyx was 15.7 mm and with calyx was 23
mim. The details are given in Table 61.

Table 61. Fruit characteristics of Tectona grandis

Locality Tree No, Date of ! Fruit measurement Fruit measurement
collection with calyx without calyx
(em) {cm}
Length Breadth | Length Breadth
Karimutty KTg-9 05/02/98 P 1.53 1,50, 1.44
§ {009 {0.05) (0.05) | (0.05)
Pothundy PTg-1 P 8/02/98 ! LIS ;1.35 R 1.13
(061 (03D ! (0.04) (0.09)
” PTa-2 ” 230 ’ 1.85 i.57 1.42
i (0,08} i (022) ((.14) 0.13)
| Aruvapalam ATg-1 06/03/98 1.50 1.31 1.14 1.3
014 (0.10) 0.21) (0.26)
" ATg-2 " 1.05 1.03 1.01 G.97
{0.02} (0.02) {0.005) (0.01)
” ATg-3 » 1120 i.09 1.13 1.03
1 {0.06) (0.1} (0.11Y {0.10)
" ATg-4 ” P - 1.05 1.2
' {0.04) {0.03)
Wellikkuthu NTgz-1 26/03/98 . £15 1.23 1.13
: ) (0.07) {0.1) {0.01)
> NTg-2 ” 1.29 1 I
{0.10) (0.13) (0.10)
NTg-3 i 1.06 122 094
0.1 (0.04} i (0.0
" NTegd = 1.04 134 T 054
(0.15) {0.15) (0.07)
" NTg-5 ” 1.13 Li4 1.32
(0.06) {0.08} (0.04)
Champakkad. . | CTg-2 2565 1.55 L08 111
) {011 {0.03) (0.06)
Karimuuy { KTgd | 26/05/98 i 14l 128 P 135
Losy L 0a3 005
Champakkad | CTg-13 ! | 128 i1.22 [ .10
5 P01 (00D 1 (0.02)
Churulipeny : CTe-19 ¢ 270598 i 122 RRE ©1.09
‘ : e 11002 {001y 0 (0.09)
v . CTy-20 Qo S LT Y DL
e e SOG4 402y 00T
! Pooled mean 127 1.2G 118
E (0.381 {0.23) © {0.13) (005 |

(Figures in parentheses indicate 5.E. of Mean value}



Number of locules per fruit vary from 2 to 4. Prasad and Kandya (1992)

reported that each fruit has four locules. But there are single loculed, two loculed as

well ag three laculed of sonn

fruits. Numbers of sound seeds per fuit vary from 0 to 2 and

empty locules per fruit vary from 1.2 to 2.7. Details are given in Table 62,

Table 62, Fruit characteristics of Tectona grandis

Zone | Sub-zone Locality Tree No. Date of Mean number of
Co collection Locules pi Sound seeds | Empty locules per fruit
: : fruit per fruit
KL- | Munnar Karimutty KTg-¢ 06/03/98 34 0.7 2.6
2 (0.96) (0.67) (1.97)
KL- | Palakkad Pothundy PTg-1 18/02/98 3.54 0.27 1.63
3 ' (0.68) " | (0.46) {1.68)
» » ” PTg-2 »” 3 0.54 2.36
{1.09) {0.68) {112}
| KE=Konni - Amvapalam | ATg-1 06/03/98 31 104 2.9
2 ! (.10} 1 {0.05) (1.49)
. . » ATg-2 > 34 1.2 23
(0.84) (L3 (1.32)
. - ATg-3 ” 33 0.9 23
(0.84) (137 (1.25)
; . P ATg-4 - 33 1 16
P i (1L10) | (0.86) (0.84)
KL-  Nilambur i Neliikkuthu NTg-1 26/03/98 34 0.7 1.6
13 _ {0.69) (0.67) {1.50)
N . P NTg-2 E 32 107 1.2
B (0.91}  : {0.67) (1.22)
R R s NTg-3 " 3.5 P05 2.81
g (0.07) | (0.52) (0.78)
- P { NTg-4 ” 33 P 0.8 2.
(115} :(0.91) (1.48)
KL- ¢ Munnar Churiipetty CTg-20 27/05/98 3.81 0.90 2.54 -
3 : (0.40) | (0.94) (1.36)
" " { Champakkad ! CTg-2 - | 26/05/98 23 i) 1.7
(0.94) (0.92)
» " - v CTg-13 26/05/98 35 1.66 12
(0.84) ! {0.70) (1.03)
i i Churulipetty 4 CTg-19 27/05/98 29 0.79 22
! 0.99) | (0.67) (1.27)
Over all mean 327 0.73 2.00
{0.34) {0.39) {0.57)

{Figures in pah’r\"‘}.ses indicate S. E, of Mean value)

Prasad and Kandya (1992) reported 1500 to 2500 number of seeds per kg. In
Nellikkuthu plantation in Nilambur, number of seeds per kg among trees (5 trees)
varied from 1900 to 2600 between treés. In Aruvapalam Plantation in Konni, the
number of seeds per kg varied from 1700 to 3106 in 4 trees. In Pothundi of Palakkad
Sub-zone seeds per kg between 4 trees varied from 1600 to 2500. In Churulipetty of
Munnar Sub-Zone seeds per kg between trees (4 trees) varied from 1720 to 2200,
Karimutty, Aruvapalam and Churulipetty belong to the same Sub- Zone znd wittiz the

same Sub-zone seeds per kg varied from 1200 to 3100. Large sized seeds were
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obtained from Kan'rhutty (270 per litre) and the smallest seeds from Aruvapalam
~ (1250 per litre). And weight of 1000 seed varied from 382g (Aruvapalam) to 681g

(Karimutty). Details are given in Table 63. -

iy

‘Table 63. Table showing teak seeds per kg and litre

Zone Sub-zone | Locality : Tree | Seeds’kg | Seedsiditre | 1000 seed
number weight (g}
KL-3 Palakkad | Pothundi PTg-! 2515 783 427.35
2 » » PTg-2 1633 503 361,77
KL-2 - | Konni Aruvapalam ATg-i 1723 670 639.512
n » n ATg-2 3078 1258 382.68
» » " ATg-3 2658 718 683.36
» » 2 ' ATg-4 1952 613 1 488.56
KL-3 Nitambur | Nellikkuthu Te-i 1891 630 ‘ 479.25
2 » " NTg-2 2435 840 408.46
n 2 n NTg-3 2282 835 414.28
- » NTg4 2411 863 399.63
" » i i NTg-5 | 2594 1608 ¢ -
K1-2 | Mumar _; Karmusty ¢ KTg-9 | 1262 270 | 681.57
v Churulipetty CTe-20 2084 9i8 -=
1 » Champakkad | CTg-2 2221 3i -
" Churulipetty CTg-19 1783 520 -
" " Champakkad : CTg-13 2145 730 -
Pooled mean 21227 709.058 478.766
{476.09) | (244.36) (105.02)

-- data not available
(Figures in parentheses indicate 5.E. of Mean value).

2.4.5.2. Influence of sub-zone and tree variation on germination

" There is considerable variation of seed germination percentage between zones
and trees within same zone as revealed from the Tabie 64. In Aruvapalam of Konni
Sub-zone, the percentage of sound seeds in a sample varies from 40 to 70 out of
which 12.5 to 55% germinated. In Churulipetty of Munnar Sub-zone percentage of
sound seeds varied from 60 to 100, but none geminated. In Neltikkuthu plantation of
Nilambur Sub-zone, percentage of sound seeds varied from 50 to 60 and 48 to 60%
germinated. In Pothundi of Palakkad Sub-zone, the pecentage of sound seed varied

from 27 to 50; 44 to 67% of them germinated.
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Table 64. Germination of teak seeds collected from different zones as well as different trees in
the same locality - ' '

Zone | Sub-zone | Locality ! Tree ! Number | MC%of | % of | Number | Percentage | Germi-
? : ‘number  of davs i seeds at ‘' germi- | of davs | of  sound - nation  as
¢ taken i the time  naton | taken for ; seeds in the = percentage
i berween | of i at 43 i commenc- : sample of  viable
! collection | sowimg : DAS ! ing i seeds (%)
{ and | germina-
; P { sowing i ! tion i i
KL-t Konni - | Aruvapalam | ATg-! 210 9.22 54 1z | - -
: (0.168) !
ATg-2 8.95 33 12 60 55.8
1 (0.099)
ATg-3 10.56 5 14 40 12.5
(1.198) '
ATg4 11.495 16 13 70 229
(0.755)
KL-2 | Munnar | Churulipetty | CTg-19 | 150 C10.666 0 [ - 100 0
(0.108) :
CTg-20 10.932 0 - 60 P 0
- , (0.342) f
KL-3 | Nilambur | Nellikkuthu | NTg-1 | 210 11.12 29 i 760 [ 483
(1.465) |
NTg-2 11.59 48 12 60 80
{0.406)
NTg-3 I1.53 40 i2 50 80
(0.628) :
NTg-4 10.589 38 12 56 76
(0.509) .
KL-3 Palakkad Pothundi PTg-1 226 14.648 i8 16 27 66.7
; ; L (1.065)
P PTg2 C15.003 0 P22 116 L 50 P44
; C(0.200) ? P

(Figures in parentheses 5. E. of Mean value}

2.4.5.3. Source variation and germination

There was considerable variation in germination of seeds collected in 1998-
1999 from different sources. Seeds collected from Kuppadi gave maximum percent

germination (30.25). The details are given in Table 65.
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Table 65, Germination of teak seeds coliected from different sources

Source | Seed | Sub-zone | Locality Date of MC %% of | Number of
Code | zone ' | collection | ofseed ! germinatio | days ~taken
- : ! ; ‘ i 0 at 45days ; for

Lafter COITIMEncIn
Sowing g
: ‘ : , gernlination
S1 . KL-2 | Munnar | Karimutty 06/03/98 11238 | 0.25 34
. 0.07) '
S2 » . » 03/03/99 15.2 26.75 15
' (0.14)
S3 KL-3 | Wayanad | Kuppadi 06/01/99 13.31 30.25 13
(0.07) '
S4 » - » 25/02/99 12.78 1.5 17
; {0.10)
S5 - Palakkad | Kakkupadi 26/11/98 14.44 0 -~
: ' {0.49) :
86 - - 19/02/99 13.99 0.75 21
(0.15) -
Over all mean 13.68 9.791 20
{(1.06) (14.09) {8.366)

-- data not available
(Figures in parentheses indicate S.E. of Mean value),

2.4.5.4. Seed pathology of T. grandis

Dry seed examination Teak seeds (fruits) collected from all the three localities
viz., Wayanad, Nilambur, and Chinnar were found to be severely infested by insects,
which made tunnels in the mesocarp and endocarp from the pedicel part of the fruit.
Insect infestation ranged from 9 to 18.5 percent and the highest attack was observed
on seeds from Wayanad. Fungal hyphae, fructifications and sclerotia were also

observed on the fruits. Discolouration and shriveling were associated with about

revealed that empty locules were very common in teak fruiis from Chinnar. Moreover,
ill-filled and shriveled seeds were more in seed samples from Chinnar than from the
other two localities. Seeds inside the locules were also found deteriorated and covered

with fungal mycelium.
Seed microflora

Emploving blotter and zzar plate methods, a rich microflora comprising 138

fungal genera, together with mycelia sterilia (black and white coloured mycelia),
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bacteria and actinomycetes were detected on seeds of Tectona grandis from different
localities (Table 66-68). Of these, seeds from Wayanad harboured more number of
microorganisms and aiso showed their highest frequency of cccurrence. The most
frequeni . fungal genera were Aspergillus, (tepresemted by three species)
Botryodiplodia, Fusarium, (represented by three species) and Trichoderma (Table 66-
-68) Though, bacteria were found in all the three seedlots tested, their highest
frequency (33%) was observed in seeds from Wayanad. As éxpected, number of
microorganisms and their percent incidence were higher in unsterilized seeds (NSS)
than surface sterilized (SS), and acid-treated (A) seeds. By surface sterilization, most
spermoplane microflora except bacteria were excluded. Sulphuric acid treatment was
also equally effective in reducing the seed microflora substantially and increasing the
percent germinability of the seeds. Emerging seedlings in these treatments were found
very healthy and showed no sign of seedling infection caused by storage or field
~fungi. |

Seed health test by agar plate method, where extracted seeds were uséd,
revealed association of field fungi like Botryodiplodia theobromae, Fusarium
moniliforme, Curvularia lunata, Phoma sp., Colletotrichum gloeosporioides, etc. in
all the three seedlots tested. Of these, many are capable of causing seedling rot and
foliage infection. The high level of infestation of the teak seeds by these field fungi
clearly indicates the possibility of infection by the pathogen during the early
developmental phase of the fruits. )

Growing-on test

Seedling emergence started four to six days after sowing in the sterile perlite
medium and continued up to 21 days. However, a large number of them emerged
within 8 to 12 days of sowing. Percentage germination was slightly higher (5‘1 %) than
that obtained in blotters. Seedling imfection viz. damping-off, collar rots, cotyledon
rot, etc. were observed on the emergents. Isolations made | from the diseased

specimens yielded Fusarium moniliforme, F. oxysporum and Curvularia lunata.

Seed pre-treatment

The percent germination of seeds from the different localities viz. Wayanad,
Nilambur and Chinnar ranged from 36 to 48 in blotter test. Soaking the seeds in

concentrated sulphuric acid for 20 min gave higher percent germination (Table 69).
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Of the three seed lots tested, highest germination of 78% was obiained for seeds from
Nilambur, followed by seeds from Chinnar (74%).

Table 66. Spermoplane microorganisms detected on seeds of 7. grandis Wayanad
1998 seedlot) by blotter and agar plate method

SL : Blotter method . Agar plate method |
No. Microorganism % incidence w % incidence
. NSs* SS 1 A

1 Alternaria alternata 2 ; 2
2 _Aspergiflus spp. ] 1
3 Aspergillus niger - 16 1 4 4
4 Borryodiplodia theobromae 2 4
5 Chaetomium sp. 3
6 Colletotrichum gloeosporioides 6
7 Curvularia sp. i 4
g Drechslera sp. ‘ 1

19 - Fusarium sp. 20 12
10 Mucor sp. i4
11 Paecilomyces sp. : 8
12 Penicillium sp. 7
13 Pestalotia sp. 4
14 Phomasp sp. 5 4
15 i Trichoderma sp. 12 4 4
16 [ Verticillium sp. , 3
17 ! Sterile mycelium {(black) 8 8 2
18 ! Sterile mycelium {white) | 2
19 ! Bacteria i 33 10§ 6 8
20 | Actinomvycetes i ! =

*NSS: non-surface sterilized; 8S: surface stenilized: A: sulphuric acid treatment

Table 67. Spermoplane microorganisms detected on seeds of 7. grandis (Chinnar 1998
seedlot) by blotter and agar plate methods and their percent incidence

SL Blotter method Agar plate method
No. Microorganism % incidence % ingidence
NS5+ S8 1 A
1 i Aspergillus sp. 10 6 8
2 Aspergillus niger 9 i 4
3 Beltrania sp. 3
4 Botrvodiplodia theobromae 4 1
5 Chaetomium sp. 6 2
6 | Curvularia sp. 2 2
7 ! Drechslera sp. 2
8 i Fusarium sp. 4
9 Peniciilfum sp. 5 6
10 Pestalotia sp. 2
14 i Phoma sp. 4 2
12 . Trichodermasp. g. | 4
i3 | Verticillium sp. 5 :
i Sterile mveelium (black) 1 : 2
15 | Sterile mycelium (White) L8 o
16 Bacteria : 7 : 3 ' I8
17 Actinomyceies ‘ . 1 : 2

*NSS: non-surface sterilized; $S: surface sierilized: A: sulphuric acid treatment
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Table 68. Spermoplane microorganisms detected on seeds of T. grandis (Nilambur 1998
seedlot) by blotter and agar plate methods and their percent incidence

sl Blotter method Agar plate method

No. - hticroorganism % incidence %% incidence
: NSS* SS A :

I Aspergiltia sp. 70 ' 000

2 Aspergillus niger ] 2.00

3 Boryodiplodic theobramae 4.00 4.00

4 Cephalssporium sp. 2.40 6.00 T 3.00

5 Colletorichum g!oeo.s;porioides ) 2.00

6 Curvularia sp. 10.00 2.00 .

7 Drechslera sp. 320

8 Fusarium sp. 4.40 | 6.00

¢ Mucor sp. 5.60 I

10 | Paecilomyces sp. 320 2.00

11 Penicillium sp. 9.60 3.00

12 Pestalotia sp. 2.80

13 Phoma sp. 4.80 1.00 4.00

14 Trichoderma sp. ] ) 6.00 4.00 4.00 6.00

15 Trichothecium sp. o 1.20 . ;

16 Sterile mycelium (black) 3.20 800" 4.00 6.00

17 Sterile mycelium (White) 10,00

18 Bacteria 10,40 8.00 20.00 10.00

*NSS: non-surface sterilized; SS: surface sterilized; A: zcid treatment

Table 69. Effect of various seed pre-treatments on percent germination of
T. grandis seeds collected from different localities of the State

Percent seed germination
1 Locality Zénc Sub zone NSS SS. A
Wayanad KL-3 c 46 40 64
Chinnar KL-2 B 48 34 74
Nilambur KL-3 C 39 36 78

*NSS: non surface sterilized; SS: surface sterifized; A: sulphuric acid treatment
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Plate 14. T. grandis seeds

(a). with calyx (b). without calyx
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2.5. ABSTRACT OF SIGNIFICANT FINDINGS

Major findings of the study are summarised below for each species.

2.5.1. Acacia nilotica

In Kerala, 4. nilotica seed trees are available in zones 2 and 3 and not in zone 1. Théy
are available at Kottathara, Walayar, Meenakshipuram (Zone-KIL-3, Sub-zone-
Palakkad) and Chinnar (Zone-KL-2, Sub-zone-Munnar). Tallest tree in the study area
}‘;z-':.id“a h.f;ight. 19.9 m {Meenakshipuram (MAn-19)} and the maximum girth measured
was 206 cm for a tree at Walayar (KPLAn-3). Seeds ripen from March to May and
pods can be collected during this period. Seeds can be extracted from pods either after
air-drying, sun-drying or oven-drying and with the help of a motorised drum type seed
scarifier. Seeds are separated from the chaff by sieving through a sieve of 5 mm mesh
size. There are 5900-6500 seeds in a kg. Oven-drying enhances germination. Seeds
germinate well under partial light and under dark also. On the bther hand, full light
has an inhibitory effect on germination. Pre-sowing treatment with sulphuric acid for
I hour followed by soaking in 0.2% KNQ; or 2% thiourea improves germination. For
germination test, rolled towel is the better medium compared to quartz sand.

Seeds of A. nilotica harboul; a rich microflora comprising 18 fungal
genera, mycelia sterilia, bacteria and actinomycetes. Among storage fungi,
Aspergillus spp., Penicillium spp. and Trichoderma spp. are the predominant ones.
Beltrania sp., Botryodiplodia theobromae, Colletotrichum gloeosporioides, Coniella

sp., Drechslera sp., Fusarium sp. and Phoma sp. are the important field fungi

recorded on seeds from all the three localities. Surface sterilizaticn of seeds with
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0.01% mercuric cﬁloride excludes most of the spermoplane microorganisms and their
number was reduced o 5-7 and the percent incidence was very less. Similarly, pre-
sowing treatments using cold water, hot water, and sulphuric acid help to exclude
most spermoplane microflora from all the three seed samples. Agar plate method, in
which surface sterilized seeds were pl_ated on potato deﬁtrose agar medium yieided
comparatively a few spermoplane microbes. Field fungi like Fusarium sp., Coniella
| sp. Be[rran_ia sp., Curvalaria sp., Phoma sp., etc. were detected by this method. In
~blotter test and agar plate method, seeds severely infested with Fusarium spp.
exhibited sced rot and emerging seedlings from such seeds became infected by the

fungus.

2.5.2. Albizia lebbeck

A. lebbeck is a large deciduous tree sparsely distributed in the dry deciduous
(Chinnar) and moist deciduous (Pecchi and Nilambur) forests of Kerala. It is grown
in avenues (Palakkad and Kuzhalmandam and Meenakshipuram), and gardens. Seed
trees were identified in two zones (KL-2 and 3). In KL-2 zone, seed trees are located
at Olamattam, Champakkad, Churulipetty, Karimuttty and Alampetty (Munnar Sub-
zone), Malayattur (Malayattur Sub-zone), Vazﬁachal and Amballur (Chalakkudi Sub-
zone). In KL-3 zone, seed trees are available at Peechi (Thrissur Sub-zone),
Kuzhalmandam, Malampuzha, Meenakshipuram and Kottathara {Palakkad Sub-zone}
and Kuppadi (Wayanad Sub-zone). The largest tree located at Meenakshipuram had a
height 44 m and a girth of 6.2m for a tree, which is much more than an earlier report

of 4.52 m, menticred in ¥R (1983). A noticeable tree to tree variation was observed
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within the species in season of flowering and fruit ripening. Pod collection period is
from November to March in Kuzhalmandam, Chandranagar, Olamatiom and
- Karimutty whereas it is from February to May in Alampetty, Churulipetty, Karimutty
and Kottathara. Of the five different methods tried for seed extraction, oven-drying of
pods at 45°C for 24 hours.-after water"spraying, gave maximum dehiscence. For small
samples it is easy to extract the seeds from partially dehisced pods by hand. Seeds
could also be extracted from pods, using a seed scarifier. There are 6250-12210 seeds
in a kg Pre-sowing treatment is required for the germination of 4. lebbeck seeds. -
Treatment using concentrated sulphuric acid for 35 minutes yields best rresult. Seed
germination occurs within 7 days after sowing and seedlings produce first pair of
leaves within 25 days. Pre-sowing treatment with sulphuric acid for longer duration
(50 'minutes or more) although improves germination, is detrimental to seedlings
emerging from such éeeds as the seedlings in such cases had curled leaves and
abnormal root system. There 1s variailon in germination of seeds collected from the
same Sub-zones. Among the five media tried, sowing the seeds between-papers gave
Ee_tter germination than top of paper, vermiculite, rolled towel and quartz sand.
Quartz sand is the next best medium in the nursery condition. Seed germination was
unaffected by light conditions. However light is needed immediately after
germination for photosynthesis.
A rich microflora comprising 19 fungal genera, together with unidentified
miycelia sterilia, bacteria and actiﬁornycetes were encountered on seeds of Albizia
lebbeck collected from the three different agroclimatic sub-zones of ihe Siate. Seed

health test by blotter method revealed a large number of spermoplane microbes on



unsterilized seeds. Amoﬁg the _seedlots tested, those from Pa}a'kkad recorded more
number of spermoplane microbes, which include common storage moulds, field fungi,
bacteria and actinomycetes. Among the storage moulds, Aspergillus spp..
Chaetomiym sp., Rhizopus sp., Penicllium sp., etc. were the predominant fungi. Their
frequency of occurrence ranged from 21-48%. Among the field fungi recorded on
seeds, Beltrania sp., Colletotrichum gloeosporioides, Fusarium sp. and Phoma sp. are
the important ones and their percent incidence in the seed samples from the three
localities ranged from 7 to 21. Incidence of bacteria in seeds ranged from 7 to 19% in
unsterilized seed samples. Bacteria were found mostly associated with the discoloured
and deformed seeds and such seeds become completely rotten with heavy Bacteri'al
ooze. Though, surface sterilizatioﬁ with 0.01% mercuric chloride reduced the per cent
incidence of the bacteria, both hot water and acid treatment increased the per cent

incidence.

2.5.3. Dalbergia sissoides

D.sissoides is a medium sized deciduous free found in the moist deciduous forests of
Kerala especially in very moist teak forests (Karulai and Dhoni) and mixed deciduous
forests (Sholayur, Chinnar and Kuppadi). Seed trees were identified in all the three
zones (KL-1, KL-2 and KL-3). In Zone 1 the seed trees were located at
Ezhukumannu (Kottayam Sub-zdne). In' zone 2 trees were located in Malayvattur
(Malayattur Sub-zone); Champakkad and Churulipetty (Munmar Sub-zone), KFRI
and Kuthiran (Thrissur Sub-zone), Vettingapadam {Chalakkudi Sub-zone). In zone 3

trees were located in Dhoni, Thavalam, Kakkupad:, Sub~zome). The maximum tree
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heightr {37 m) was recorded for a tree at Dhoni and maxiﬁmm gbh (2.72 m) was
measured for a tree at Mundakkadavu. Flowering oceurs during Decenﬁber to January
in Peechi and during February in Kuppadi and Dhoni. Early February is the best time
for the collection of pods. At Champakkad, mature fruits were available during the
month of April. Light brown pods are collected from the trees preferably-early in the
morning, especially in areas where chances of pods being blown away by wind are
high. Plastic sheets are spread around the tree to make the COllec-tion-easier. Seeds ate
““exfracted from pods using a seed scarifier (Agrosaw- electric) after oven-drying at
50°C for three hours. If the pods are britile, oven-drying is not necessary. There are
26,300-45,500 seeds in a kg of this seeds collected from Peruvaripallam were
espécially larg.e..r and those from a tree in Peruvaripallam were the sméllest'(40000-
45500 seeds in a kg). Rolled towel is the best medium for the germination of seeds in
the laboratory condition. Partial light favours seed germination. Germination is better
for large sized seeds.

A rich microflora comprising 16 fungal genera, together with mycelia
sterilia, bacteria and actinomycetes were detected on seeds of D; sissoides collected
from different localities. Most microorganisms were encountered on un sterilized
seeds in blotter tests. Among the seedlots, those from Wayanad and Dhoni harboured
more number of spermopla.ﬁe microbes than the seeds from Chinnar. The
spermoplane microbes detected include the common storage fungi, field fung,
bacteria and actinomycetes. Among the storage fungi, Aspergillus spp., Penicilium
spp. and Chaetonimum sp. were the predominant ones. The incidence of these storage

fungi ranged fFrom 38 to 69%. However, the occurrence of field fungi like Alternaria
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sp., Curvularia sp., Drechslera sp., Bipolaris sp., Fusarium spp., Pestalotia sp.,
Phoma sp., etc. in all the three lots ranged from 4-1i%. As expected, the fungal
penera, their frequency of occurrence as well as intensity of infestation were more in
unsterilized seeds from all the three localitzes. Surface sterilization of the seeds with
0.01% mercuric chloride considerably reduced the occurrence of the fungal genera o
1-3 and also the percent incidence to 6-10. Ew_an though, bacteria were detected on
seeds from all the three localities, their incidence was substantially reduced by surface
~sterilization and also by other seed pre-treatments. Cold water, hot water, and acid
freatments carried out to enhance the seed germinability, were also effective in
excluding most of the spermoplane microflora. Seed health test employing agar plate
method could detect 2 large number of field fungi like Colletotrichum
gloeosporioides, Curvularia sp., Fusarium pallidoroseum, Phoma sp., Pestalotia sp.,
etc. Of these C. gloeosporioides was encountered in high frequency on seeds from
Wayanad (25%) and Dhoni {10%). Many of these ficld fungi are potential pathogens_
of Dalbergia sissoicfes seedlings in nurseries. The results indicate that at least a few of
these fungi which are possibly seed-borne may play a role in deterioration of seeds in

storage as well as incidence of seedling diseases in nurseries.

2.5.4. Neolamarckia cadamba

| In Kerala N. cadamba grows in moist deciduous and semi evergreen forests of Dhoni,
Nilambur, Wayanad and Konni near and along streams. At Kannimangalam in
Malayattur Forest Division, the Forest Dcpa.rtment_ grows this species as a plantaiicn

crop on a small area. Seed trees were identified at all the three zones. Tallest wes 1=



‘recorded at Mukkali (45m) and that with largest gbh (3280m) at Vayakkara in Konni
Sub-zone. In Kerala, seed coi]ection-period is August-November. In Nilambur, fruits
are available from earIyVAugust to November. At Kannimangalam, Wayanad and
Irinjalakkuda, fruits are available from September to mid-November. Peak period of
collection is in September. It is important that fruits falling from the trees are
collected every day, as animals eat the fruits, If the trees are too tall, seeds can only be
collected from forest floor. Seeds can be extracted from fruits both by dry and wet. In
_dry method, ripe fruits are sun-dried until they became brittle, and then the seeds are
extracted by rubbing the brittle fruits on a metal grating and sieving through a .5mm
sieve. In wet method seeds are extracted by crushing the rotten fruits in a bucket of
~ water and making slurry of it. By repeated decantation followed by filtration floater
and sinker seeds are separated .The seeds are sun-dried and winnowed to separate the
chaff. Wet method is the best method of extraction compared to dry method in terms
of purity of seeds. However wet method of extraction is ime consuming and labour
intensive. There are 2,30,00,000 to 3,12,50,000 seeds in a kg. Seeds collected during
November gave maximum germination. Polyurethané sheet is an approximate
medium for germination of seeds especially in the laboratory. Exposure of seeds to
different light conditions (viz., full light, partial light and zero light) in nuréery and in
laboratory confirms the need of good light condition for germination of N. cadamba
seeds. Of the colour stages of maturity, fruits containing brown seeds especially those
from cactus green fruits gave maximum germination. -

Seeds from all the four localities in the State showed comparatively a poor

rmicroflora represented by 2 to 3 fungal genera belonging to the group of storage fungi



and about 5 field fungi. The percent incidence of ail the spenﬁoplane microbes was
also less and ranged from 1 to 8. _Aspergz"!fus spp. Chaetomium sp., Mueor sp. and
Trichoderma sp. were the storage fungi encountered Whilé, Colletotrichum
gloeosporioides, Drechslera sp., Fusarium sp. Pestalotia sp. and Phoma sp. were the
field fungi reqorded. Association of bacteria and their peréent incidence were also less
and ranged from 3 to 4 in all the treatments. Seed pre-treatment with sulphuric acid to
enhance the germination also helped in removing the spermoplane fungal flora. The
treatment ‘was highly effective and no fungal flora except sterile mycelium was
observed on treated segd-s. Agar plate method also yielded only a few fungal species
from the seedlots from different localities. Fusarium oxysporum and Phoma sp., were

the important field fungi probably seed-borne found associated with the seeds.

2.5.5. Tectona grandis

Teak is available in all the three seed zones. Among these in plantations, the
maximum tree height (35 m) was measured for .two ‘trees at Nellikkuthu and
maximum gbh (225 cm) was measured for a tree at Malayattur. Teak flowers
generally during June to August or September. But an early flowering is also observed
in almost all the zones (May to July). Generally fruits ripen from November to
January. But an early fruit ripening was observed in Malayattur of Malayattur Sub-
zone, Vettingapadam of Chalakkudi. Sub-zone, Peechi of the Thrissur Sub-zone and
Kakkupadi of Palakkad Sub-zone. Fruits are available until March iﬁ all the Sub-
zones but in Champakkad, Churulipetty and Karimutty of Munnar Sub-zore, {fruits are

available for collection even in May. There is considerable variation in germination of
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“seeds collected from different sources. Seeds collected from Kuppadi (Wayanad) gave
maximum germination. |

A rich microflora comprising 18 fungal genera, together with mycelia
sterilia, bacteria and actinomycetes was detected on seeds of Tectona grandis from
different localities. Of these, seeds from Wayanad harboured more number of
microorganisms as well as showed their highest frequency of occurrence. The most
frequent fungal genera were Aspergillus, Botryodiplodia, Fusarium, and
“Trichoderma. As expected, number of microorganisms and their percent incidence
were higher in unsterilized seeds (NSS) than surface sterilized (SS), and acid treated
(A) seeds. Sulphuric acid treatment was effective in reducing the seed microflora
substantiélly and increasing the percent germiﬁability of tl‘le seeds. Emerging
seedlings in these treatmenis were found very healthy and showed no sign of séedling
infection. Seed health test by agar plate method, where extracted seeds were used,
revealed association of field fungi like Bonryodipiodia theobromae, Fusarium
mom’lzfonné, Curvularia lunata, Phoma sp., Colletotrichum gloeosporioides, etc. in
all the three seedlots tested. Of these, many are capable of causing seedling rot and
foliage infection. The high level of infestation of the teak seeds by these field fungi
clearly indicates the possibility of infection by the pathogen during the early

developmental phase of the fruits.
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2.6. UTILITY OF THE RESEARCH RESULTS/FINDINGS

T L —— .t
LOCau0n ang peroa o1

e2d coilection

174

lebbeck, Dalbergia sissoides, Neolamarckia cadamba and Tectona grandis have been
specified. This will help collection of seeds of these species. For teak, seed stands
were already available, -but the variation in time of seed collection has been
documented for Chinnar for the first time. Seed extraction methods, pre-treatment,
light condition for germination, which have been understood, through the project, will
be of great use to people engaged in seed handling and plant I;roduction.

Seed samples were also supplied to the Chief Technical Advisor, Dehra Dun for

.conducting various studies. Details of seeds supplied are given in Table 70.
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Table 70. Details regarding seeds despatched to Dr. R. C. Thapliyal, Scientist-SE, Chief
Technical Advisor, Ferest Tree Seed Laboratory, Silviculture Division, Forest
Research Institute, Dehra Dun on 08.06.1999.

31 No. Species 1 Seed Sub-zone Locaitty Datz of | Quannuty | Sample i Officiai idenuty

zone collection {g) Ng. i Number
8)] (2) 3) (4 (5) (6) (N 3 )]

I Albizia lebbeck KL-3 Palakkad Chandra nagar 17/02/98 75.00 | PAli CAl- (1)

2 Kuzhalmandam 17/02/93 150.00 [ PAl-2 KAl

3 - - o . 14/11/97 245.80 | PAL2 KAl- {i}

4 . Ki-2 Munnar Champakkad 3i/08/97 50.00 | MAIL-1 CAi-{12)

5 - " » ] Olamattom £4/02/98 60.00 | MAI-3 0Al-(1)

6 " » s { Karimutty 26/05/98 12.00 | MAI-] KAL- ()

7 Neolamarckia KL-3 Palakkad - Dhoni 14/11/97 20.00 | PAC-i DAC- (1)

cadamba

8 - " - “ 09/11/98 20.00 | PAC-1 DAC- Mixed (1)

9 » " " " 22/19/98 30.00 | PAC-1 DAC- Mixed (2)

i0 - W “ N 17/09/98 14.00 | PAC-1 DAC-Mixed (3)

3 . n " - 17/09/98 3.00 | PAC-1 DAC- Mixed (4)

12 . - - - 18/09/98 2.00 | PAC-1 DAC-Mixed (5)

13 N " o - 09/11/98 35.00 | PAC-1 DAC- Mixed (6)

14 " - - 09/11/98 20.00_| PAC-1_ | DAC- Mixed (7)

13 . " » - 22/10/98 150.06 | PAC-I DAC- Mixed {8)

16 " . ,. Mukkali 24/09/98 250 | PAC-] MAC- (1)

17 o KL-2 Malayattur Kannimangalam 19/09/98 2.50 | MAC-1 KAC-(1}

13 N . . - 06/11/98 1.50" | MAC-1 KAC-({2)

19 - " n » 07/11/98- 200 | MAC-1 KAC-(3)

10/11/98

20 . KL-3 Nilambur Nellikkuthu 07/10/98 25.00 { NAC-1 NAC- (1)

2t " “ » . 07/10/98 1.50 § NAC-1 NAC-(2)

22 w : N " s 17/10/98 - 90.00 § NAC-1 NAC-(3)

23 " " " " 13/11/98 . 125.00 | NAC-1 NAC-(4)

24 " - wayanad Ondayangadi 09/10/98 2.50 | OAC-1 DAC-(1)

25 Tectona grandis KL-3 Palakkad Pothundi 18/02/98 1250.00 | PTg-1 PTg-Mixed

26 " . KL-3 Nilambur Neltikkuthu 26/03/98 1150.00 | NTg-t NTg-Mixed

27 - KL-1 Konni Aruvapaiam 06/03/98 1500.00 | KTg-1 ATg-Mixed

28 - KL-2 Munnar Karimutty ) 26/05/98 300.00 | MTg-1 KTg-Mixed

29 . KL-2 Munnar Champakkad 26/05/98 300.00 | MTg-2 CTg-Mixed

30 N KL-2 Munnar Churulipetty 26/05/98 300.00 | MTg-3 CYTg-Mixed

31 " KiL-2 Murmar Alampetty 26/05/98 200.00 | MTg-4 ATg-Mixed

Total 613930
Expianations:

Column: 3: Zone: As suggested by ICFRE
Column: 4: Sub-zone: As suggested by ICFRE
Column: 5: Name of the area where seed tree is located
Column; 8; Sample No. : First letter corresponds to Sub-zone number (eg. P — Palakkad)
Second and third letters corresponds to species name {eg. Al- Albizia lebbeck)
Serial number corresponds to locality nember in the Sub-zone
Column 9: Official identity No. : First letter corresponds to locality {eg. C- Chandranagar)
Second and third letiers correspords io species name (eg. Al- Albizia lebbeck)
Number correspends 1o tree number ‘Mixed’ refers to seed collection from the
ground below the sampie tree but inciudes seedsof other neighbouring trees as
well. This was done due to the non-availability of sufficient
seeds from the marked trees as well as practical difficulties in collecting from
individual trees. '
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3. PART -C

3.1. DETAILS OF THE PUBLICATION MADE OF THE BASIS
OF THE POJECT WORKS

Nil
3.2. PATENTS IF ANY (APPLIED OR ACCRUED)
Nil

3.3. END USERS TO WHOM THE REEARCH FINDINGS NEED
TO BE CIRCULATED

- (1) Forest departments
(if) Forest colleges
(iii} Govt, organizations and NGOs involved in tree planting.

3.4. WHAT ASPECT OF THE RESEARCH PROBLEM NEED
FURTHER INVETIGATION INCASE A NEW
PROPAOSAL IS TO BE SANCTIONED IN THE SAME
SUBJECT / ASPECT

(i) Storage studies with the seeds of Dalbergia sissoides and Neolamarckia
cadamba.

(ii) Effect of light intensity on germination of seeds Acacia nilotica, Albizia
lebbeck, Dalbergia sissoides and Neolamarckia cadamba. The

physiology of seed germination may be studied in detail.

(iii) Clonal propagation in Acacia nilotica, Albizia lebbeck, Dalbergia

sissoides and Neolamarckia cadamba.
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4. PART -D (ANNEXURES)

4.1. CONSOLIDATED UTILIZATION CERTIFICATE

TO BE SENT IN DUPLICATION TO THE L.C.E.RE. FOR THE PERIOD 9 JUNE 1997 TO 250 JANUARY
2002 ‘ .

i N Title of the project/scheme : : | Development of technology for coliection,
processing and testing seeds of five important
tree species of Kerala

2. Name of the organization ‘ : | Kerala Forest Research Institute

Peechi - 680 653, Thrissur, Kerala

3. Principal Investigator : 1 Mr. K.C. Chacko-
4 LCFRE sources letter No. & date of | : | 38-6/97-ICFRE(R) dated 31 March 1997
sanctjoning the project The commencement date of the project is 9
""" e June 1997 vide letter 38-6/97-ICFRE(R) dated
. i 21 January 1998 !
5. Ameuntreceived from ICFRE (Please give No. | : | Rs. 6,583,860/ -

& dates of sanctions showing the account paid) 38-6/97-ICFRE(R) dated 09/06/1957
Rs. 1,30,838/ -
38-6/97-ICFRE(R} dated 07/03/2001

*20,000 was sanctioned vide letter No. 38-6/97-
ICFRE(R) dated 29/10/1998 as salary arrear

! for JRFs
|6 | Total amount that was available for | : | Rs.()26230625
; ; expenditure (excluding commitments) :
! incurred during the financial year (9% half
: ' year)
7. Actual expenditure (excluding commitments) | : Rs. 10,7,004.25
incurred upto 25.01.2002.
8. | Unspent balance (carried over) . | Rs. (2,62,306.25
9. Balance amount available at the end of the 9% | i | Rs. (-} 26230625
half year
10. Amount allowed to be carried forward to the ; : | Nil

next financial year vide their No.

*Rs. 20, 000/ - was sanctioned as salary arrears for Research Feilows

Certified that expenditure of Rs. 10,77,004.25/- (Ten lakhs seventy seven thousand four rupees and twenty
five paise only)} menticned against Col. 7 was actually incurred on the project scheme for the purpose for

which it was sanctioned.

Date:. 5% January 2002

Signature of principal Tgnature of Head of the
Investigator Accotnts Officer : Organization .
' _ Dr. J. K. SHARMA
= . TE - DIRECTCR
- © ACCEPTREANDEQUNIERSIGENED o op ALA FOREST RESEARCH INSTITUTE
Kfri 2797 ' Kerala Forest fiesecich Institun PEECH - 680 653, THRISSUR
' " KERALA INDIA

PECCHY- 6808
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4.3. LIST OF EQUIPMENTS PROCURED

S1 [tem Number
No.
11 Oven 1
2 Deep freezer 1
3 Incubation cum growth chamber | 1
4 Seed germinator 3
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