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SOME AUTECOLOGICAL STUDIES ON AMARANTHUS VIRIDIS L.
Farrukh Hussain®, Syed Shahinshabh Gilani, ljaz Fatima and Muffakhira Jan Durrani’

ABSTRACT

Amarantiius viidis L is a commmon wild vegefable and weed of cultivation. The
sttidies indicated that seeds of Amaralhus viridis L. germinated better af 25-30°C
with ar withrout any chercal/ mechanical trcalment. The germination percerttage
decreased with increased sowing depth and wafer stress. Seeds did nof
germinate at aff the applied levels of salinity. The plants grew better i diffused
and partiat hght conditions. However, the growth was poor in water - stressed
soils. The agueous extracts from shoots, rain leachate, lifter and rool cxudation
significantly reduced the germinafion and seedling growth of peart mifict, wheat
and corm. Shoot extract refarded the development of medstematic celfs of test
species. ft was concluded that A viridis germinafes easily, grows heftor in
diffused ligitt with normal moisture condition and if possess allelopathic potential
against crops.

INTRCDUCTION

Amaranthus viridis L. (Famity Amaranthaceae) is distributed in the warmer parts of the wirld
including Pakistan. Of the 50 species of the genus Amaranthus, about a dozen are cosmaopolian
weeds. A viridis is a common annual weed of cultivation and waste land species from plams to
2200 m elevation throughout Pakistan (Ali, 1977}, It serves as forage and as a wild leafy veyciahle
Autecotogical studies including germination. growth behaviour and allefopathy have been done on
many weeds (Mussain ef al., 1987 1989 & 1994, Inam et af, 1989). However no such informaticr
exists on A, wridis. The present study. therefore, reports germination and growth performunce
under different ecological conditions and allelopathic behaviour of this weed.

MATERIALS AND METHODS

Germination studies under laboratory condition

Seeds were coltected from Yar Hussain, Swabi, dried and stored at room temperature (25 — 30 C).
Visually healthy seeds were tested for germination. The methods for sterlization of glassware,
seeds. substrate ete and testing germination have been detailed elsewhere (Hussam of af | 1980 &
1993, Hussain and Nasrin, 1985; Hussain and Hahi, 1988). Following experiments were perfaimad

1. Effect of different temperatures

Seeds were incubated at & constant temperature of 15, 20, 30 and 35°C and alternatng
temperature between 15/20. 15/25, 15/30. 20/25, 20/30, 25/30 and 30/35 °C. The germination was
recorded after every 48 hrs till 15 days.

2. Effect of soaking in water

Seeds were soaked in water at room temperature for 1, 2 and 4 hrs. Two other balches were
immersed in hot (60°C) and boiling water (100"} separately for 1, 2 and 4 minutes. These treated
along with non - lrealed seeds were tried for germination at 25 and 30°C as before.

3. Effect of scarification

Seeds were chemicailly scarified with concentrated H.S04, acetone, 0.25% sodium hyperchlorite foi
1.2 and 4 minutes.
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tdechanical scarification was accomplished by rubbing seeds in between sand papers till the testa
ruptured at least from some pars. In another experiment, mechanically scarified seeds were
treated with acetone or H-50.4 hyperchiorite as before. Treated seeds along with a control were
tested for germination at 25 and 30°C.

4. Effect of pH
Seeds were grown separately at pH 2, 5. 7 and 10 at 25 and 30°C.

5. Effect of sowing depth

Chemizally scarified seeds were sown at a depth of 4, 8 and 12 cm in sandy loam soil in glass
container at 25-C. Observations continued for up to 30 days. Emergence of seedling from the soi
was taken as index of germination.

6. Effect of different water levels

Seads were grown in petridishes containing washed sand and with seil moisture maintained at field
capacily {(FC), "4 FC, ¥ FC, 172 FC and 2 X FC at 25°C for up to 15 days. The dishes were kept at
25°C

For determining the field capacity, soil was saturated within a perforated container. It was allowed
to stand for 72 hours and soil moisture determined by oven dry method following Hussain (1983).
The soil moisture retained at this stage is the field capacity, Various levels such as Y2 FC, W FC 1
% FC and 2 X FC were maintained by adding appropriate amount of water to soil in petri dish.
Since it was short-term expariment therefore subsequent addition of water was not needed.

7. Effect of Salinity
Seeds were grown separately in 0.25. 0.50, 0.75 and 1 solutions of MGSQ4, CaCl», NaCl and KN
at 25'C.

8. Growth performance under field condition

Seeds were sown in the 2™ week of February in pots containing leamy soil with 1% added organic
matter. After one month of the emergence, seedlings were thinned toe 5 healthy uniform piants in
each pot. Hand weeding was done during the experiment. In each of the following experiments,
there were five replicates each with 5 plants.

i. Effect of different light condition
Pots were kept under diffused light, partial light and full light condition in the garden. The soil
moisture was maintained at field capacity level.

ii. Effect of different water levels

Field capacity of the soil in pots was determined following method of Mubarak et af. (1982).
The pots were maintained at field capacity (FC), moderate stress (1/2 FC), severely stressed (1/4
FC} and moderately moist (1% FC) and flooded {2 X FC).
Pots were weighed twice a week and any loss of water was compensated. The experiments lasted
for 2 months. Height of plants, No of branches, leaves, length of inflorescence fresh and dry weight
of leaves and roots were determined. After harvest plants were dried at 65 for 72 hours.
Chlorophyll contents of leaves were determined spectrosphotometrically followiiy methods of
Harborne (1963}
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Alleiopathic potential

Mature plants were coliected from the Peshawar University campus and dried at room
lemperature (25-°C). Sterilization of glassware, preparation, storage of extracts and bicassays have
been previausly described (Hussain of al., 1987, 1989 & 1984 Inam ef al, 1889).

a. Effect of aqueous extract

Five gram dried or fresh crushed shoots were soaked in distilled water for 24 hrs and filtered.
Extract was used against Sefaria italica. Pennisetum americanum, Zea mays and Tnticum
aestivurn in standard filter bicassay following Hussain ef al. (1987, 1989 & 1994). There were 5
replicates, each with 10 seeds. Germination ard radicle growths were recorded after 72 hours &
250

k. Effect of litter

One-gram hitler was uniformly spread in petridishes foltowing bed bicassays of Hussain ef al. (1987,
1989 & 1984} The seeds of above mentioned test species were sown. They were incubated at
28 € tor 72 hours

¢. Root exudates bioassay

Mature plants of A. vindis were rooted out, washed with water and planted in a sterilized glass wials
containing Hoagland solution. Glass vials were plugged with cotton and wrapped with brown
papers. After 1 week incubation at 25°C, Amaranthus plants were removed and solutions from
three vials were mixed. These Amaranthus - affected solutions were used as growth medium for
the same test species as before.

a. Simulated rain leachates
Simulated rain leachates from Amaranthus were obtained by using 20 gm crushed Amaranthus
shoots following methods of Mussain and Abidi (1991). These leachates were tested for ther
phytotoxicity against the same test species as described by Hussain and Abidi (1991).

b. Effect on cell development
Seeds of Zea mays. Setara italica and Pennjsetum americanim were grown in the extracts of as
before. Root tips of the seedlings were treated with concentrated chloralnydrate for 12 hrs. The size
and number of cells from 3 to 5 cortical layer were determined following Hussain ef al. (1984 &
1994}

Statistical Analysis
The data was statistically analyzed using z-test for seed germination and factorial analysis for other
tests and significant differences were accepted at p = 0.05.

RESULTS AND DISCUSSION

1. Germination studies

The seeds either did not germinate or had less than 10% germination after 5 and 10 days at all the
tested temperature. However, after 15 days the germination was 48% at 25, 40% at 30°C and 24%
at 35°C. Many workers (Hussain ef af., 1980 & 1993: Hussain and Nasrin, 1985; Hussain and lizhi,
1988, Durrani et al., 1996} reparted 25 - 30°C to be optimum for the germination of many plants.
Hussain et al (1980) observed that Datura seeds germinated better at 15 - 20'C. Peganum
harmala seeds germinated better at 25 - 30°C (Hussain and Nasrin, 1985). The present findings
agree with them. Mechanical scarification enhanced the germination to 55 — 60 % at 25°C and
30°C after 15 days. Amaranthus seeds have hard seeds coats, which probably impede
germination. Hussain et al. {(1980) stated that removal of testa promoted the germination of Datura
seeds,
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Table 1. Effect of sowing depth on the germination of Amaranthus viridis.
(Each value is a mean of 10 replicates. each with 10 seeds)

; Observation Days o N Soil Depth (om) T
. . PR 4 o em—— _,—8 —_— 1 2
t_ o N Cantrol Treated  Conlrol . Treated | Contol Treated
i 5 0 [ 4 6 EK I S
' - 1 ... 24 s SE— e_ | 1o 0

15 52 56 31 34 14 21

* Significantly diffused at p = 0.05 of Z test when compared with 4 cm depth

Soil depths to which seeds are sown affect the germination. it was seen that treaied seeds had
slightly better germination than non-treated seeds at the same sowing depth. Bath in treated and
non-treated seeds germination got delayed and decreased with increased sowing depth (Table 1).
Simitar findings have been reported for other species (Hussain and llahi, 1988, Hussain ef alf.
1983). Our findings agree with them. Deep sowing prevents emergence of seedlings and reduces
germination. Soaking the seeds in water at room temperature or in boiling water did not improve
the germination Similarly, application of various nutrient solutions, sodium hydrochloride, acetone
H-50. alone or in combination with mechanical scarification failed to augment germination {Tahle
2} in this case. However, other workers (Hussain and liahi, 1988 & 1095; Hussain and Nasrin
1885) invariably reported that such treatments promoted the germination in many seeds. Oul
findings agree with those of Hussain & llahi (1988 & 1995) and Hussain & Nasrin {1985) who
observed that water soaking was ineffective for the promotion of germination.

2. Effect of various levels of water

Soil moisture regulates germination as seeds failed to germinate under drought (1/4 FC) condilions.
Whereas only up to 20% germination was achieved at field capacity and % capacity. Similarly,
water - logged condition {1 2 FC and 2 X FC) also reduced the germination to less than 8% Seeds
must imbibe ample water for softening seed coat and testa to be able to germinate. Water logged
conditions prevented germination due to oxyjen deficiency and poor gaseous exchange. Both
water - stress and water - logged conditions were unfavourable for Amaranthus seeds.

3.Fieid study on growth
[ Effects of various levels of water

The number of leaves and branches decreased with increased water stress whereas height of plant
ncreased at ¥z FC but declined drastically at severe stress (1/4 FC). However, there was no offect
on the length of roots in water stressed condition {Table 2). The fresh and dry weight of leaves and
shoots declined under water stressed condition. while that of roots generally increased (Table 2)
The moisture contents of leaves, shoots and roots dwindled in stressed conditions compared 0
control. Likewise chiorophyll a and b and totai chlorophyll also decreased-severely in water -
stressed plants. The poor over all stunted growth might be due to impaired internal water balance
and poor chlorophyll contents. Many other studies (Mubarak et af., 1982) have shown that water
stress restricts the growth performance of plants.

Water - logged soils are inhospitable for mesophytes. Alhough, the number of leaves and
branches decreased in water - logged conditions (Table 2), but the height of shoots, length of fioral
axis and roots and their fresh weights generally increased. This might be due to more absorption of
water, which resulted in succulence of plants. However, the dry weight declined severely in water -
iogged (2 X FC) {Table 2) soils. The total chlorophyll contents increased in waterlogged conditions.
This might be a response for physiological adjustment. The plants had more chlorophyll 1o
compensate for the impaired functions of roots in waterlogged conditions. It was interesting to seg
that under water - stressed conditions chlorophyll contents declined where as in waterlogged
conditions they increased.
i Effect of different light intensities
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The number of leaves and height of plants increased in diffused and partial light than in the full
light. The reverse was true for number of branches {Table 3). The length of roots and inflorescence
showed insignificant variation in 3 light conditions. The fresh weight of leaves and shoots was
reduced under full light {Table 3). Dry weight of leaves remained unaffected. but those of shoots
and roots enhanced in full suniight (Table 3). Moisture contents of leaves, shoots and roots
declined in full light than in shady conditions. The total chlcrophyll a and chlorophy!l b increased in
shade grown plants. while the reverse was true for chlorophyll a (Table 3). Light is an important
factor governing the growth and distribution of plants as it controls the upper and lower limits of
distribution. Within a microhabitat light intensity affects the growth of plants as observed in the
present study.

Plants were generally taller and weaker in shady environment and had lower dry weight. Plants
grown under full light had more dry weight and less maisture to make them more sturdy. The total
chiorophyil a and chlorophyll & contents were high in shade grown plants. This is a physiclogical
adjustment as shade plants generally have high chlorophyll a and chloraphyll b to compensate for
the low light intensities.

Table 2. Effect of various levels of water on the growth performance of Amaranthus viridis
(Each value is a mean of 5 replicates, each with 4 plants)

Plnpenis ] FC_ . _&fC [ WET T T Awmee T FFC
b a. No of leaves/branches ] ] o
dleaves ' 28a | _ 18 ECE 7o _ 1%
 Branches _ 7a | 4b L 4b 5% 1. A
) ) b. Heightilength {mm} ) o o
‘Shoot 102a | 1992 146b ~ 152p | 247¢
_Root | 125a _ ~ 120a _ 121a _ 134a ' 130a i
Infl 70a - ‘78a 38¢ - 82b N
L c. Fresh weight (mg} ; i o
_ Leaves 1.0a 09a B EE ' 1.1a 148 |
__Shoat 58a | _A2b 30e 90d - 100d
_ Root 172 - 19a _ 19a  20a [ 60b _
o d. Dry weight {mg) ) o o ]
Leaves | 0.2a 0.3a 0.3a 0.2a 0.2a
_____ Shoot  :  _23a 20a . 18b 243 _ 150
Roots , %2 ba . I |- B oa .
e e. Moisture Contents i ' ' L
| Leaves |  400a 2006 ] 100¢ . " asob ] 60od !
" Shoot  _154a e ] 85¢ ' 165a o ised
Roots _| 273a terp | 10%¢ 300a ;o A%6d
|- f _Chilorophyll mg/l _ e
“Totalchl | _178a [ 14 8b | 55¢ [ 252d T 194a
[ Chi-a [ 1273 . ..B3b o222 04a | __137a
Chi-5 | 2597a__ | 870 §.2a ] 14 8¢ | T278a

Figure within a row followed by the same letter (s} are not significantly different from each other at p
= 0.05.
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Table 3. Effect of different light conditions on the growth and performance of 4. viridis
(Each value is a mean of 5 replicates. each with 4 plants)

Plantparts | Shade ! " Partallight | Fulllight
N . a. .__No of leaves/branches
__ Leaves ! 37a . 2 l4c
Branches 10a 1 . ..bb R 14c
) b Height/length (mm) o .
Shoot__ _ 2_55a 23Da _ 188b :
__E{_oc_:t_ 125ha L 121a ) ;
. __Infl. _80a _ 57b _ 91c 1
__________________ c. _ Fresh weight (mg) '
______ Leaves 19a b LR
Shoot 1 _B0a__ AN B0c
Roo_l _2_(_)_3 ) - 18a _22a .
- e d_ . Dry weight (mgy
. _Leaves | 082 _O4a 05a |
Shoot 29 8a e 343b_ _lo....S0b i
. Roots | 4.2a I 4.53 10b.
o _ e Matsture Contents o
teaves __ 280a o 150b 140b _ _' o
Shoat . 170a 78b 66c i
 Roats 3768 - T 120677
R I A o Chlorophyll mgAl
CTotalehi. _Ha 1l 407b ... 3358a
Chi-a _ __135a N 1278 12
I ; 30.1a 28 3a | 21.4p.

Note' Figures within a row foliowed by the same lette: (s} aré nol significantly different from each
. otheratp=10.05

4. Allelopathic potential

Cold and hot water extracts from fresh shoots suppressed the germination of Sefaria and wheat.
While cold and hot water extracts from dried shoots retarded germinating of all the 3 crops except
maize (Table 4). Many weads allelopathically suppressed the germination of test crops. Simiarly
the germination of test plants was reduced by agueous extracts from Euphorbia, Avena, Cynodon
and Phalaris fresh and dried parts (Hussain ef al. 1980 & 1993: Hussain and Nasrin, 1985
Russain and ilahi, 1988; Durrani et al.. 1896) and our findings agree with them. The germination
hibiticn is a species specific process as reported by other workers (Rice, 1974; Hussain of af
1980 & 1993 Hussain and Nasrin. 1985: Hussain and llahi, 1988; Durrani ef a/. 1956},

The radicle growth of all test species except that of Setania and maize in cold water extract from
fresh parts was demonstratably inhibited (Table 4) in ali the treatments especially in hot water
extracts and our findings are supporied by Inam et af. (1989) and Hussain et af. {1989 who
reparted inhibitory effects of other weeds. Hot water extracts of Phalans and Cannabis retarded the
growth and germination of test species and our findings agree with them.

Plant litter releases phylotoxic substances before their complete decay. This was true in the
present case as seeds grown directly over moist litter beds exhibited reduced germination with the
exception of pearl millel. Similarly, the seedling growth of all test species was retarded by litter
(Tabie 3). Litter from many other plants (Hussain et a., 1987 Hussain and Abidi, 1991} had been
shown to be allelopathic and our findings are in tine with them. Germination of test species did not
reduce in simulated rain leachates.
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