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Abstract: This study was performed to access the effect of agro-climatic conditions on Panicum maximum
(Guinea grass) in two districts Jhelum and Gujrat, Punjab, Pakistan. This grass belongs to monocotyledon family
poaceae. For this study, taxonomical, morpho-physiological, gas exchange and chemical characteristics were
analyzed. Among morphological attributes of guinea grass, fresh matter including root fresh weight, shoot and
leaf dry weight, no.of leaves per plant, specific leaf weight and leaf area ratio were significantly affected except
leaf area, shoot and leaf fresh weight at both locations. Highly significant effect of agro-climatic conditions was
observed on chlorophyll and carotenoid contents in Panicum maximum. Observations for exchange
characteristics including photosynthetic and transpiration rates, stomatal conductance, sub-stomatal CO  and2

water use efficiency showed non-significant of climatic and soil conditions. Estimation of ionic content i.e. Na+

and K  in shoots, roots and leaves was done and it was noted that climatic conditions had non-significant effect+

on this member of family poaceae. It was summarized that environmental factors did not affect the taxonomy;
morphology and physiology of plant i.e. Panicum maximum significantly but there should be some variations
in morphological attributes.
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INTRODUCTION Panicum maximum an important member of grass

Grasslands, which make up 20% of the world’s to almost all tropical countries as a source of animal
vegetation cover, are composed of Poaceae members [1]. forage as well as it has ethnobotanical uses. It propagates
The family has been mostly studied systematically, best on well drained soils having good fertility, sandy
ecologically and genetically [2]. Besides the nourishment loam is best for its production and it is suitable to stop
values in ecosystems, some Poaceae taxa have also soil erosion. It has deep, dense and fibrous root system
ecologically important functions like carrying out the most therefore it can survive from moving fires. Guinea grass is
of the primer productivity, preserving the soil against a clump-forming perennial which prefer warm moist climate
erosion and getting the soil richer in terms of organic receiving more than 900 mm rainfall [7]. Guinea grass is
matters. These plants distribute in different habitats from native to the sub-tropical areas of southern Africa where
sub-alpinic and xerophyte areas to aquatic ecosystems it occurs mainly in the sub-habitat under trees [8]. Climatic
[3]. Poaceae members distributing naturally are used as a conditions which are suitable for growth of guinea grass
gene source for their close relatives phylogenetically to ranges from warm temperate dry to moist through tropical
achieve new and economically advanced characteristics very dry to wet forest life zones, it is noted that it can
[4]. The economic significance of the grass family is endure annual precipitation of 6.4 to 42.9, annual
undeniable. Grasses are found on all continents, including temperature of 12.2 to 27.8°C and pH of 4.3 to 8.4 [9-10].
Antarctica (e.g. Deschampsia antarctica) and are This fodders grass (Panicum maximum) is tall and
ecologically dominant in some ecosystems such as the vigorous plant with shoots up to 3.5 m tall that differs
African savannas [5]. Grasslands, in which grasses are the extensively in growth habit. It preferably grows in tropical
most important floristic component, cover about 40% of and subtropical areas of the world on a wide variety of
the earth surface [6]. soils. The subterranean, dense and fibrous root system

family Graminae, is native to Africa and it was introduced
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allows Panicum maximum to survive continuous drought The Jhelum district covered an area of 2,813 square
periods, but it flourishes best on well drained and fertile
soils in areas with maximum rainfall [11]. It was noted that
temperature variation effect the production of vegetative
parts in Panicum maximum. Above a temperature of 20°C
plant responses in terms of height, leaf number, leaf area
and plant dry weight tended to be smooth [12]. It yields
good quality fodder and responds in a well manner to
manuring, but its nutritive value decreases with age. This
may dies if constantly grazed near to the ground and
requires rest late in the growing period [13]. This grass of
poaceae is used to treat various diseases. Ingestion of
juice from Panicum maximum is reported to stimulate the
movements isolated intestines of goats and other animals;
addition of a small quantity of the grass to lucerne feed
responds to the inhibitory effects of the latter on
intestines therefore, proved a useful remedy in inhibiting
tympanitis in cattle It is diuretic and preventative and is a
folk remedy for tympanitis [14].

Climate is the collection of the meteorological
conditions  that  incline  to  be  perceived  in  one  region.
It results from the amalgamation of numerous physical
assets of the atmosphere (temperature, moisture, winds,
radiations, electric state) that last for a period of time [15].
The global climatic conditions have changed over the last
century and average surface temperature of the world has
increased since 1900 by 0.6 ± 0.2° C. Therefore, this has
been followed by a retreat of glaciers and sea-ice, an
increase in production of heat waves, warming of the
oceans, a sea-level rise (10–20 cm), an alteration in
rainfalls with increase in heavy rainfall and droughts in
many areas and fewer incidence of frosts [16]. It is the
chief element which panels the global pattern of
vegetative structure, harvest and species conformation of
plant and animal. Its effects for ecosystems have dreadful
consequences  linked  to  economic  and social systems.
It has been observed that plants can reproduce and
produce within precise range of temperature and specific
amounts of rainfall [17].

Gujrat is an earliest district of Punjab, Pakistan
located between two famous rivers, the Jhelum River and
the Chenab River. It is feast over an area of 3,192 square
kilometers. This district lies between 32° to 35° North
latitudes and 73°45' East longitudes. It has modest climate.
During peak summer, the temperature goes up to 45°C, but
the hot spells are comparatively short due to the
neighborhood of the Azad Kashmir Mountains. During
winter the temperature may fall below 2° C. The average
rainfall is Gujrat 670 mm [18].

miles Lying at 32°56' North latitude and 73°44' East
longitude. Jhelum has a humid subtropical climate and is
very hot and humid in summer and warm and usually dries
in winter. Average annual rainfall is about 850 mm, which
is much below the prerequisite amount given the
extremely high evaporation levels [19].

In the view of above literature, main objectives of the
present research were: Taxonomical account of plant
species at different localities, morpho-physiological and
chemical differences in plants at different locations,
assessment of effect of climatic factors on distribution of
plant species.

MATERIALS AND METHODS

This  study  was  conducted  to  evaluate  the
morpho-physiological and chemical attributes along with
taxonomical explanation of Panicum maximum under
different agro-climatic conditions of Punjab. Two areas i.e.
District Gujrat and Jhelum were under observations.
Plants samples were collected from District Gujrat and
Jhelum and experiments were accomplished in Botany Lab
University  of  Gujrat,  Gujrat Pakistan  during  2012-13.
Soil of both locations was also analyzed.

First of all morphological parameters were studied.
Root, shoot and leaf fresh and dry weights were
calculated by analytical balance. In addition to these total
no. leaves, leaf area/plant and specific leaf weight were
also estimated. Chlorophyll a, b, total chlorophyll and
carotenoid content were measured by following process.
For this fresh leaf weight 0.5 g was taken from each plant
sample and was ground by adding 2ml of 80% acetone
with the help of pistil and mortal and ground mixture was
then poured in test tubes and total volume was made
10ml. kept it overnight in thermostat. It was filtered,
analyzed in spectrophotometer and readings were
recorded at 480, 645, 652 and 663 nm. In this way
physiological attributes were calculated by the following
formulas:

Chl. a estimation (mg g  f.wt) = [12.7 (OD 663) – 2.69 (OD1

645)] x V/1000 x W 
Chl. b estimation (mg g  f.wt) = [22.9 (OD 645) – 4.68 (OD1

663)] x V/1000 x W
Total Chlorophyll estimation (mg g  f.wt) = [(OD 652) ×1

1000 ÷ 34.5 x V/1000 x W

Carotene content = [7.6 (OD 480) – 1.49 (OD510)] x V/1000
x W



World J. Agric. Sci., 10 (5): 231-242, 2014

233

V = Volume of the extract (ml) Leaf Fresh Weight (g): Leaf fresh weight of guinea grass
W = Weight of the fresh leaf (g)

 Gas exchange features including net photosynthetic
rate (A), transpiration rate (E), stomatal conductance (g )s
and  sub-stomatal  conductance (C ) were measured withi

an imported LCA-4 ADC open system infrared gas
analyzer (IRGA) (Analytical Development Company,
Hoddesdon, England). All these measurements were done
at 11.00 am. Chemical analysis which includes
determination  of  ions  i.e.  Na   and  K  was also done.+ +

For  this  0.1 g  of  dried roots, shoots and leaves was
taken  and digested with conc. H SO following the2 4

method of Wolf [20]. Kept this overnight at room
temperature  and  after  that  heated  it  over hot plate at
350 °C by adding 2ml H O till it turn out to be colorless.2 2

After that makes its volume 50ml by the addition of distill
water. For determination of Na  and K  ions flame+ +

photometer was used (Jenway, PFP- 7). A series of
standard solutions of varied concentrations 50,100, 150,
200 and 250 ppm for Na  and K  were prepared and+ +

examined, standard arcs were drawn for each nutrient.
After that the noted concentrations were compared
against standard curve and total concentrations were
calculated. The results obtained from all these parameters
were exposed to statistical analysis by applying
completely randomized design described by Steel and
Torrie [21].

RESULTS AND DISCUSSIONS

The results of above described experiments were
presented in tables and figures as under:

Root Fresh Weight (g): The effect of agro-climatic
conditions of district Gujrat and Jhelum was observed on
guinea plants. It was noted that agro-climatic conditions
has significant effect (< 0.1) on this plant. In guinea grass
maximum root fresh weight was observed in location 2
(district Jhelum) and it was reduced at location 1 (Table 1
and Fig. 1).

Shoot Fresh Weight (g): The effect of agro-climatic
conditions on shoot fresh weight (g) of guinea grass was
non-significant at both locations that were under
observation (Table 1). Maximum shoot fresh weight was
perceived in plants of district Gujrat as compared to
district Jhelum.

was calculated and it was observed that the effect of
climatic and soil conditions was non-significant.
Locations under observations were district Gujrat and
Jhelum. This may be due to the fact that agro-climatic
conditions of both districts do not have variable effect on
leaf fresh weight of both members of family poaceae.

Root  Dry  Weight  (g):  A  significant  effect (<0.1) of
agro-climatic conditions of district Gujrat and Jhelum, was
observed on root dry weight of guinea grass (Table 1 and
Fig. 4). It was noted that root dry weight was greater at
location-1 as compared to second location.

Shoot Dry Weight (g): A highly significant (<0.001) effect
of climatic and soil conditions of both areas was observed
on shoot dry weight of guinea grass (Table 1 and Fig. 5).
Figure depicted that shoot dry weight of guinea grass was
maximum in plants of district Gujrat. It was less in plants
collected from District Jhelum.

Leaf Dry Weight (g): Statistical analysis revealed that
agro-climatic conditions had highly significant (<0.01)
effect on leaf dry weight. Leaf dry matter of location-2
plants was greater as compared to location-1 (Table 1 and
Fig. 6).

Results regarding total no.of leaves of guinea grass
were significant. Significance level was (<0.01) at both
areas under observation (Table 1 and Fig. 7). More no. of
leaves was counted in Gujrat plants as compared to
Jhelum.

Leaf Area/Plant (cm ):  The effect of climatic and soil2

conditions  on  Leaf area/plant (cm ) guinea grass was2

non-significant (Table 1 and Fig. 8). Two areas were under
observation District Gujrat and Jhelum for this study.

Leaf Area Ratio (cm /g) of Shoot: It was observed that2

effect of soil and climate had significant effect (<0.1) on
leaf area ratio cm /g of shoot of guinea grass (Table 1 and2

Fig. 9). Two places were studied in this respect District
Gujrat and Jhelum. Figure showed maximum leaf area ratio
at first area of study i.e. Gujrat and minimum at Jhelum.

Specific Leaf Weight (mg/cm ): Guinea plants of two2

locations District Gujrat and Jhelum were studied and
specific leaf weight was calculated. A quite significant
(<0.001)  of  agro-climatic  conditions  was  observed
(Table 1 and Fig. 10).
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Table 1: Analysis of Variance of Guinea grass for morphological attributes under different climatic conditions

MS of root MS of shoot MS of leaf MS of root MS of shoot MS of leaf MS of total no. MS of leaf MS of leaf MS of specific

Source df fresh weight (g) fresh weight (g) fresh weight (g) dry weight (g) dry weight (g) dry weight (g) of Leaves area/ plant (cm ) area ratio leaf weight (mg/cm )2 2

Location 1 12.29 6.89 2.85 9.026 1.406 0.002 48.4 30184.03 564537.6 0.70* ns ns * *** ** ** ns * ns

Error 8 16.678 29.09 4.881 3.966 0.388 0.375 28.00 68549.004 521942 30.460

Total 9 28.977 35.97 7.733 8.442 1.794 1.216 76.4 98733.04 1 086479.6 30.536

Fig. 1: Root fresh weight (g) of Guinea grass under different agro-climatic conditions

Fig. 2: Shoot fresh weight (g) of Guinea grass under different agro-climatic conditions

Fig. 3: Leaf fresh weight (g) of Guinea grass under different agro-climatic conditions

Fig. 4: Root dry weight (g) of Guinea grass under different agro-climatic conditions
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Fig. 5: Shoot dry weight (g) of Guinea grass under different agro-climatic conditions

Fig. 6: Leaf dry weight (g) of Guinea grass under different agro-climatic conditions

Fig. 7: Total no. of leaves of Guinea grass under different agro-climatic conditions

Fig. 8: Leaf area/ plant of Guinea grass under different agro-climatic conditions

Fig. 9: Leaf area ration of Guinea grass under different agro-climatic conditions
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Fig. 10: Specific leaf weight of Guinea grass under different agro-climatic conditions

Table 2: Analysis of Variance of Guinea grass for physiological and gas exchange characteristics under different climatic conditions

MS of chlorophyll MS of chlorophyll MS of carotenoid MS of total MS of sub-stomatal MS of stomatal MS of photosynthetic MS of transpiration MS of water use
Source df a mgg b mgg con tent mgg chlorophyll mgg CO  (C) conductance (g ) rate (A) rate(E) efficiency (A/E)1 1 1 1

2 i s

Locations 1 5.184 7.225 2.601 2.704 3312.4 0.057 671.744 0.222 1.874*** ** *** ns ns ns ns ns ns

Error 8 1.260 3.696 5.4 0.002 131867.2 0.094 1361.873 10.053 23.882

Total 9 6.444 0.001 3.141 0.002 135179.6 0.152 2033.617 10.275 28.615

Chlorophyll a (mg g  f.wt): Results showed highly Photosynthetic Rate (µmol CO  m  s ): In guinea grass1

significant effect of climatic and soil conditions of District the effect of soil and climatic factors was non-significant
Gujrat and Jhelum on chlorophyll a of guinea grass. (Table 2 and Fig. 17). At both regions (district Jhelum and
Significance ratio was (<0.001). Two places district Jhelum Gujrat) photosynthetic rate fall in the same range in all
and district Gujrat were under observation (Table 2 and samples.
Fig. 11).

Chlorophyll b (mg g  f.wt): Agro-climatic conditions rate  of  guinea  grass  at  two  locations  was  calculated.1

showed significant effect on guinea grass. Significance It was non-significantly affected by agro-climatic factors
level was (<0.01) as depicted in (Table 2 and Fig. 12). (Table 2 and Fig. 18). Areas under observations were
Chlorophyll b content noted in plants collected from district Gujrat and Jhelum. 
Gujrat was more than in Jhelum.

Total  Chlorophyll (mg g  f.wt):  Total chlorophyll was non-significantly influenced by agro-climatic variations1

calculated in all samples collected from Gujrat and Jhelum. (Table 2 and Fig. 19). Two regions of Punjab i.e. Gujrat
Results showed non-significant effect of climatic and soil and Jhelum climate was studied for these variations.
conditions of both zones (Table 2 and Fig. 13).

Carotenoids (mg g  f.wt): Statistical analysis revealed of guinea grass was analyzed by keeping in view the1

highly significant effect of soil and climatic conditions on climatic variations of two areas i.e. district Gujrat and
carotenoids of guinea grass. Significance level reaches up Jhelum. A highly no-significant influence of these
to (<0.001) as shown in (Table 2 and Fig. 14). variations was observed (Table 3 and Fig. 20). 

Sub-Stomatal CO (µmol mol ): Among gas exchange Na  Concentration (mg/g) in Shoots: The agro-climatic2
1

characteristics i.e. sub-stomatal CO of guinea grass was conditions indicated non-significant effect on Na2

non-significantly affected at both areas. Location-1 was concentration (mg/g) in shoots of guinea grass. These
Gujrat district and location-2 was Jhelum. Climatic results were noted at location 1 as well as location 2
conditions of both locations were under observations. (Table 3 and Fig. 21).

Stomatal Conductance (mmol m  s ): Stomatal Na   Content  (mg/g)  in Leaves: In guinea grass leaves2 1

conductance of guinea grass showed non-significant Na  content calculated. For this analysis plants from two
result of climatic and soil conditions. Two places were areas were collected and climatic conditions were
under study i.e. District Gujrat and Jhelum (Table 2 and observed. A  non-significant   trend   was  detected
Fig. 16). (Table 3 and Fig. 22).

2
2 1

Transpiration Rate (µmol H O m  s ): Transpiration2
2 1

Water Use Efficiency (A/E): Water use efficiency was

Na  Concentration (mg/g) in Roots: Na  content in roots+ +

+

+

+

+
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Table 3: Analysis of Variance of Guinea grass for chemical analysis under different climatic conditions

MS of Na MS of Na MS of Na MS of K MS of K MS of K+ + + + + +

Source df content in root content in shoot content in leaves content in root content in shoot content in leaves

Location 1 0.020 0.004 0.012 0.841 0.210 0.025ns ns ns ns ns ns

Error 8 0.412 0.56 0.195 14.639 30.780 28.480

Total 9 0.432 0.564 0.207 15.480 30.990 28.505

Fig. 11: Chlorophyll a (mgg ) of Guinea grass under different agro-climatic conditions1

Fig. 12: Chlorophyll b (mgg ) of Guinea grass under different agro-climatic conditions1

Fig. 13: Total chlorophyll (mgg ) of Guinea grass under different agro-climatic conditions1

Fig. 14: Carotenoid content (mgg ) of Guinea grass under different agro-climatic conditions1
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Fig. 15: Sub-stomatal CO  (C ) of Guinea grass under different agro-climatic conditions2 i

Fig. 16: Stomatal conductance (g ) of Guinea grass under different agro-climatic conditionss

Fig. 17: Photosunthetic rate (A) of Guinea grass under different agro-climatic conditions

Fig. 18: Transpiration rate (E) of Guinea grass under different agro-climatic conditions

Fig. 19: Water use effciency (/AE) of Guinea grass under different agro-climatic conditions
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Fig. 20: Na  content in roots (mgg ) of Guinea grass under different agro-climatic conditions+ 1

Fig. 21: Na  content in shoot (mgg ) of Guinea grass under different agro-climatic conditions+ 1

Fig. 22: Na  content in leaves (mgg ) of Guinea grass under different agro-climatic conditions+ 1

Fig. 23: K  content in roots (mgg ) of Guinea grass under different agro-climatic conditions+ 1

Fig. 24: K  content in shoot (mgg ) of Guinea grass under different agro-climatic conditions+ 1

K Concentration (mg/g) in Roots: In roots of guinea agro-climatic conditions were considered. But non-+

grass collected from two different regions K significant trend observed in roots K  content (Table 3+

concentration was studied. District Jhelum and Gujrat and Fig. 23).

+
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Fig. 25: K  content in leaves (mgg ) of Guinea grass under different agro-climatic conditions+ 1

K Concentration (mg/g) in Shoot: Analysis of variance weight,  no.of  leaves  per  plant,  specific   leaf  weight+

for  K   content  in   shoot   of   guinea   grass  showed and leaf  area  ratio  were  significantly  affected  except+

non-significant effect of soil and climate of two locations. leaf area, shoot and leaf fresh weight. Langer [24]
District  Gujrat  and  Jhelum  were under observation observed similar results concerning fresh matter and dry
(Table 3 and Fig. 24). matter of different plants. He observed maxium fresh

K Concentration (mg/g) in Leaves: Agro-climatic factors Setaria anceps, Panicum typhoides and Panicum+

revealed non-significant trend on K  concentration in coloratum and lowest in Digitaria decumbanse.with+

leaves. Two areas were studied in this regard. No reference to dry matter maximum was recorded in Panicum
significant changes were revealed (Table 3 and Fig. 25). typhoides that did not vary than other grasses e.g.

Climate modification is estimated to effect crop and Setaria anceps, Sorghum almum, Pennisetum purpurem
livestock production, hydrologic balances, input supplies and Panicum coloratum. Dry  mass  of  Digitaria
and  other  constituents  of   agricultural  systems. swazilandensis was lowest. These deviations in fresh and
Though, the nature of these biophysical effects and the dry matter may be due to growth pattern and morphology
human reactions to them are multifaceted and unreliable. [25].
For example, crop and livestock earnings are openly Results regarding physiological characteristics i.e.
affected by alterations in climatic elements such as chlorophyll a, chlorophyll b and carotenoids content
temperature and precipitation and the occurrence and except total chlorophyll in guinea grass were significant.
severity of dangerous events like droughts, floods and These attributes were studied under different climatic and
wind storms. In accumulation, carbon dioxide is essential soil conditions of two areas. Comparable results were
for plant production; rising concentrations have the logged in Panicum maximum Jacq. and Stylosanthes
prospective to improve the productivity of agro hamata Taub. were grown under intercropping scheme in
ecosystems. Climate modification may also alter the forms, three environmental circumstances with reference to
frequencies and strengths of various crop and livestock raised CO  level [26].
pests; the accessibility and effectiveness of irrigation In addition to these, guinea grass collected from
water supplies; and the harshness of soil erosion [22]. District Gujrat and Jhelum was also studied for gas

The climate applies the main control on the spatial exchange attributes. The agro-climatic factors were
distribution of the chief vegetation types on a global studied at both locations. Among these characteristics,
scale. It is defined as a periodic course of solar energy, sub-stomatal CO , stomatal conductance, photosynthetic
temperature and precipitation, principally determines the rate, transpiration rate and water use efficiency in guinea
major type of terrestrial vegetation and the grass were non-significantly affected by these variations.
biogeochemical properties of the land surface [23]. In contrast, Pospisilova and Catsky [27] studied under

In current study the influence of agro-climatic diverse environmental conditions in rice (Oryza sativa),
variations were studied on Poaceae members at District the rate of net photosynthesis amplified, but reduction in
Gujrat and Jhelum, Punjab, Pakistan. For this purpose, transpiration rate and stomatal conductance. Due to
Panicum maximum (guinea grass), morpho-physiological decrease in transpiration rate rise in water use efficiency
attributes, gas exchange charateristics and ionic content was recorded in rice. Ionic content was also analyzed and
was measured. it revealed that Na  and K  concentration in guinea grass

It was observed that Panicum maximum, fresh matter roots, shoots as well as leaves were non-significantly
including root fresh weight, root, shoot and leaf dry affected at both regions.

matter  in   Pennisetum   purpureum,   followed by

2

2

+ +
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CONCLUSIONS 4. Mennan, H., M. Bozo lu and D. I k. 2003. Economic

A study was accomplished to assess the influence of myosuroides  in  winter  wheat fields. Pak. J. Bot.,
agro-climatic conditions of two District, Jhelum and Gujrat 35(2): 147-154.
of Punjab, Pakistan. Panicum maximum (Guinea grass) 5. Kellogg, E.A., 2000. Grasses: A case study in
which belongs to family poaceae was selected for this macroevolution. Annual Rev. Eco. Syst., 31: 217-238.
study. Morpho-physiological, gas exchange attributes 6. Peterson, P.M., K. Romaschenko and G. Johnson,
and chemical examination were executed at both places. 2010. A classification of the Chloridoideae (Poaceae)
At first attempt, fresh and dry matter along with, total based on multi-gene phylogenetic trees. Mol.
number of leaves, leaf area, leaf area ratio and specific leaf Phylogen. Evol., 55: 580-598.
weight were observed of Panicum maximum. 7. Aganga, A.A. and S. Tshwenyane, 2004. Potentials
Observations were subjected to statistical analysis and it of Guinea Grass (Panicum maximum) as Forage Crop
was noted that morphological factors including fresh in Livestock Production. Pak. J. Nutr., 3(1): 1-4.
weight, dry weight, total number of leaves and leaf 8. Pieterse, P.A., N.F.G. Rethman and J. Van Bosch,
area/plant were exaggerated by climatic and soil 1997. Production, water use efficiency and quality of
conditions. Whereas, on shoot and leaf fresh weight, leaf four  cultivars  of Panicum maximum at different
area  ratio  and  specific  leaf  weight  this   effect  was levels of nitrogen fertilization. Tropical Grasslands.,
non-significant. Physiological tests were performed to 31: 117- 123.
calculate chlorophyll and carotenoid content in guinea 9. Duke, J.A., 1978. The quest for tolerant germplasm.
grass. Results acquired in this respect shown a highly In: ASA Special Symposium 32, Crop tolerance to
noteworthy effect of climatic conditions of Jhelum and suboptimal land conditions. Am. Soc. Agron.
Gujrat. Gas exchange characteristics including Madison, WI, pp: 1-61.
photosynthetic rate, transpiration rate, stomatal 10. Duke, J.A., 1979. Ecosystematic data on economic
conductance, sub-stomatal CO and water use efficiency plants. Quart. J. Crude Drug Res., 17(3-4): 91-110.2

were also  considered.  All  these characteristics were 11. Humphreys, L.R. and I.J. Patridge, 1995. A Guide to
non-significantly affected by agro-climatic variations. better pastures for the tropics and sub tropics.
Ionic content (i.e. Na  and K ) of roots, shoots and leaves Published by NSW Agriculture 5  edition: Grasses+ +

was also determined. It was noted guinea grass these for the tropics: Guinea grass (Panicum maximum).
minerals were non-significantly affected by climate and 12. Tudsri, S., H. Matsuoka and K. Kobashi. 2002. Effect
soil conditions at both locations i.e. Jhelum and Gujrat of temperature on seedling growth characteristics of
district. Panicum maximum. Tropical Grasslands., 36: 165-171.

It was determined that agro-climatic conditions of 13. Food Agricultural Organization (FAO), 2003.
both regions i.e. District Gujrat and Jhelum, of Punjab did http://www.fao.org/ag/aga/agap/frg/AFRIS/DATA/
not show significant effect on Panicum maximum in terms 11 8.HTM. Panicum maximum, guinea grass, colonial
of taxonomy, morphology and physiology. Climate did grass, Tanganyika grass.
not revealed  significant  effect  on  taxonomy  and 14. Duke, J.A. and K.K. Wain, 1981. Medicinal plants of
morpho-physiological attributes of Panicum maximum. the world. Computer index with more than 85,000
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