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Abstract 

Rice farming in Liberia has long grappled with subpar yields, ranging from  0.5 to 1.5 tonnes per hectare (t/ha), 

attributed to outdated agronomic practices and the utilization of inferior inbred rice varieties. To alleviate the 

potential catastrophes and challenges of a changing climate and to improve rice production, we conducted a field 

experiment to determine the impact of organic fertilizer on the yield and growth attributes of two lowland rice 

genotypes (Nerica-L19 and the traditional landrace Bold Grain). The experimental layout was Randomized 

Complete Block Design (RCBD) in split plot arrangement  with  the  main  plots  being  organic  fertilizer  at  a  

rate  of  2.5  t/ha. Results revealed that there were significant differences between the landrace bold grain and the 

improved genotypes for all traits measured except for panicle length, seed length and stem diameter. Pearson 

coefficients of correlation analysis showed that days to 50 % flowering correlated significantly with plant height, 

number of tillers and number of panicles per plant. Nerica-19 exhibited the highest grain yield along with growth 

traits, suggesting its potential for smallholder farmers and warranting further evaluation across various 

environments. 

Keywords: Genotype; landrace; phenotype; agronomic trait; organic fertilizer 

 

Introduction 

In Liberia, rice is the first  most  important  cereal crop  after  maize,  and  its  production  by  smallholder farmers  

in fields  is solely  less  than 1.0  ha on average (MOA,  2020). It is grown under three ecosystems namely 

irrigated lowlands, rainfed lowlands, and rainfed uplands. Landraces are widespread and popular among farmers 

which play an important role in local agriculture owing to their genetic diversity that represents wild plant 

populations  as  genetic resources (Das and Ashesh, 2014). Landrace rice varieties play  a  vital  role  in  the  local  

food security  and  sustainable  development  of  agriculture (Tang  et  al.,  2009).  The  major  objective  in  the  

rice breeding  programme  is to  maintain  the  desirable  traits with  an  increase  in  the  yield  potential  of  

landraces (Kobayashi  et  al.,  2006). Genetic  improvement  mainly depends on the amount of  genetic variability  

present in the  population,  and  estimation  of  genetic  diversity between different landraces in the crop of 

interest is the first  and  foremost  process  in  any  plant  breeding programme (Charrier et al., 1997).



Journal of Agriculture Sustainability and Environment 

Global Scientific Research              2 
 

Based on performance records, varieties and/or crops with reputation  for  possessing  biotic  and  abiotic 

resistance  can  be  identified  for  breeding.  Despite  this observation,  re-creating  genotypes  with  durable 

resistance and proper agronomic characteristics remains a great challenge in breeding. To improve food security, 

particularly in  the South-eastern region of Liberia, where more than 20%  of  the  country’s  rice is  produced, 

there  is need  to study  and  understand  farmers’  genotypes  through characterization and evaluation, as  the  first  

step  in  rice improvement. Genetic material  (germplasm) is  useful to scientists  and  plant  breeders  only  when  

it  has  been properly characterized and evaluated because it enables scientists  to  study  the  diversity  of  species,  

search  for material  caused  to  direct  introduction  as  cultivars,  or provide genetic variability in breeding 

programs (Perrino et al., 1991). 

Since  Liberia depends on imports to meet its rice demand,  it  is  urgent  that  more  productive  and  stress-

tolerant  rice  varieties  be  developed.  In view  of  the production constraints and possible benefits of rice, there 

is a need to develop technologies that are agronomically, ecologically, and  economically sustainable with  

potential of  increasing  farmers’  output.  Information  on  trait characterization and genotypic performance is 

critical to plant  scientists  (plant  breeders  and  plant  physiologist) and farmers in improvement, production and 

utilization of rice  and  it  will  contribute  significantly  to  improve  food security,  nutrition,  and  household  

cash  income  in Liberia.   

New Rice for Africa (NERICA) was developed by the West Africa Rice Development Authority (WARDA), 

2006 through the successful crossing of African rice, Oryza glaberrima L, and Asian rice, Oryza sativa L, to 

produce inter-specific progeny which combine the best traits of both parents. This improved genotype (NERICA-

L19) is a new type of lowland rice cultivar identified as promising and suitable for cultivation that perfectly 

adapts to the rain-fed lowland ecology in Liberia. On the other hand, Bold grain is a landrace variety in Liberia 

cultivated on both ecologies, which was identified by Central Agricultural Research Institute (CARI) scientists in 

1983 through varietal selection. Majority of farmers have inadequate information on its cultivation techniques. 

The name of the variety was characterized by the morphology shape of the grains.  

The existing rice varieties in Liberia are of long duration with poor gains yield which do not fit well into the 

farming systems practiced by farmers. There has been a paradigm shift towards producing more short duration 

with high yielding rice varieties to reduce hidden hunger and widespread malnutrition. Extensive  research  and  

adoption  of  higher  yielding  varieties  will  enable  Liberian farmers to  achieve  sustained  self-sufficiency  in  

food  which  is  paramount  to domestic food security (MOA, 2020). Several studies have shown that rice 

cultivars perform differently across different agro-ecological zones.  Some promising rice genotypes showed 

highly significant yield differences among rice genotypes due to environmental interaction (Mosavi, 2013; Ali et 

al., 2020; Xuan et al., 2020). Hence, local and  improved  hybrid  rice  varieties  have  to  be  evaluated  across 

different environments to  identify  superior  genotypes  that  can  be  adopted  by  farmers  to improve rice 

production. Therefore, the aimed of this study was to evaluate yield and agronomic performance of two lowland 

rice genotypes (Nerica-L19) and landrace (Bold Grain) cultivated with organic fertilizer. The study hypothesized 

that the application of organic fertilizer would positively influence the yield  of both Nerica-L19 and Bold Grain 

rice genotypes.  

 

Material And Methods 

The Study Area 

The study was conducted at the research field of the College of Agriculture and Food Science, William V.S. 

Tubman University in Harper, Maryland County, Liberia. The experimental field is located at latitude 07◦69’N 
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and longitude 4◦39’W at an elevation of 76 meters above sea level within the tropical forest agro-ecological zone 

(Figure 1). 

 

Figure 1:  A Map showing the location of the demonstration field 

Experimental design and field layout  

The field was cleared and manually ploughed to provide a fine tilth for cultivation. Improved rice genotypes 

(Nerica-L19) and local genotype (Bold Grain) were obtained from the Central Agriculture Research Institute 

(CARI) for the study. The experimental layout was Randomized Complete Block Design (RCBD) in split plot 

arrangement with the main plots being organic fertilizer at a rate of 2.5 t/ha. The field was measured 26 m × 20 m 

with each plot demarcated with a 30 cm walk way and a plot size of 4 m × 4 m. The seedlings were raised in on a 

wet bed nursery with seed rate of 0.02kg of pre-germinated seeds randomly broadcasted on a 1m width by 14m 

length. After 14days, transplanting was done in straight row measured 0.3m by 0.3m on 26 November, 2021. 

Weeding of the field was carried out manually using hoe to control broad based weeds. At harvest, the lower, 

middle and upper portion of each plot was harvested and the grain weight (grain yield was reported at 14% 

moisture) represent the plot after drying (Saito et al., 2005). Ten selected rice hills were sampled from inside the 

harvested area for measurement of plant height, panicle number and length, number of tillers, stem diameter and 

dry weight of grains and averaged. Harvesting commenced at mid-February and proceeded to early March in 

2022. 



Journal of Agriculture Sustainability and Environment 

Global Scientific Research              4 
 

Data Collection  

Data were collected on days to 50 % flowering (FPFl); plant height (PH); number of tillers per plant (#tillers); 

number of panicle per plant (#panicles); 1000 grain weight per plant (GW, 10 plants); seed length (SL) and stem 

diameter (SD). Except for days to flowering, all other data were collected at harvest. Harvesting was recorded 

within hundred days after transplanting when 50% of the crop had reached physiological maturity; plant height 

was recorded in centimeter (cm), follow by seed length and stem diameter were measured in millimeter (mm). 

While grain weight was recorded in grand (g) using a calibrated scale. Plant height (PH) was recorded from the 

plant base to the topmost part with a tape measurement. Stem diameter (SD) was recorded using a pair of vernier 

calipers while seed length was recorded using a vernire calipers. 

Statistical analysis  

 Analysis of Variance (ANOVA) was performed to determine level of significance among the genotypes (LSD) (P 

≤0.05) using the R-Software Package (ver.9.2). The Pearson coefficients of correlation analysis among the traits 

were calculated to determine degree of associations among these traits. 

Results and Discussion 

Findings of the study revealed that both genotypes showed significant differences (P ≤0.05) for plant height, 50% 

days to flowering, grain weight, number of tillers and panicle length per plant (Table 1). Moreover, there were 

significant differences (P ≤ 0.05) for number of seed length and seed diameter for Bold grain (Table 1). Nerica 

L19 recorded the highest grain weight (1276g) while Bold grain recorded the least of 1082.5g. Improved variety 

recorded higher (P ≤0.05) grain weights than the landrace. This may be attributed to the lateness of Bold grain in 

flowering and fruiting therefore coincided  with  terminal  drought  causing  less assimilate to be translocated for 

grain formation. Most of the grains for landrace Bold grain were not fully filled, resulting in lower weight of 

grains. Good performance of the Nerica L19 genotype under nutrient-rich and rain-fed growing conditions has 

also been reported in the Philippines (Babu et al., 2012). Nerica L19 recorded similar yield, possibly due to 

adaptation to extreme environments as they  might  have exploited their early maturity periods by increasing the 

greater portion of photo-assimilates into grain production. This might have accounted for grains to be fully filled 

and recorded heavier weights than Bold grain. Thus, our findings revealed that genotypes selected tolerance with 

seasonal change performed well under moist conditions in the tropical forest agro-ecological zone of Liberia 

(Saito et al., 2005). 

Additionally, Bold grain recorded the tallest plant height of 131.35, while Nerica L 19 registered the shortest plant 

height (103.55 cm) (Table 1). Majority of rice farmers in Liberia preferred tall plants to lessen their burden of 

cutting the panicles with a knife during harvesting. However, extremely tall rice varieties have a propensity to 

lodge, particularly, under stormy conditions; hence high yielding, relatively medium height and improved rice 

cultivars or their interspecific hybrids are recommended (Soares et al., 2014). Days to 50% flowering as indicator 

of earliness for rice revealed significant differences (P ≤ 0.05) for the two genotypes studied. Nerica L 19 

recorded the shortest maturity date (n = 70) while Bold grain recorded the longest maturity date of n = 75 (Table 

1). There was no significant difference (P ≤ 0.05) for number of tillers for both the local and improved genotypes 

studied. The numbers of panicles for both genotypes studied were significantly different; while the panicle lengths 

for both genotypes were not significantly different from each other (P ≤0.05). Bold grain recorded the longest 

panicle length (25.3mm) while Nerica L 19 recorded the shortest panicle length of 25.0 mm (Table 2). The 

increase in some of these agronomic characters could be ascribed to the fact that plant height and number of tillers 
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affect panicle traits and those plants with moderate heights could utilize energy from the sun for improved 

photosynthesis (Malik et al. 2005).   

 

Table 1: Phenotypic response of Nerica–L19 and Bold grain genotypes evaluated  

 

Genotype                  PH          FPFl     #Tillers      #Panicle     GW (g)       PL        SL            SD 

                                 (cm)                                                                            (mm)    (mm)        (mm)  

 

NERICA–L19             107.4c        71.8c          11b             9b        1276b          25.0ab   9.0ab      2.4ab 

 Bold Grain               131.3a      113.8b     8c              6c        1082.5c       25.3ab    8.9b           2.3a 

CV %                         4.3             0.9         14.9           15.8      3.98              5.25         1.9              11.2 

SE                              2.47           0.36        0.78          0.72       24.73         0.65        0.08            0.13 

LoS                           **               **           *                  *             *             *              *               ns 

 Means with the same letters within the same column are not significantly different. LoS = level of significance, 

ns = not significant; PH = Plant Height; FPFl = days to 50% flowering; # Tiller = Number of Tillers; # Panicle = 

Number of Panicle; GW = Grain weight, PL = Panicle length; SL = Seed length and SD = Stem diameter at the 

base      

Pearson correlation coefficients among both traits of rice genotype evaluated 

There was positive correlation between plant height and days to 50% flowering; number of panicles per plant and 

number of tillers per plant for both genotypes whereas a negative correlation was observed between number of 

tillers per plant and number of panicles per plant; plant height and number of tillers per plant; plant height and 

number of panicles per plant; panicle and days to 50% flowering respectively.  

The significant negative correlation observed with plant height and number of tillers (r = -0.968) and number 

panicles (r = -0.843) in (Table 2).  This study corroborated earlier findings by Kato et al (2007) reported that rice 

genotypes with higher plant heights are usually larger  in  overall  plant  size,  intercept  more sunlight  and  use  

water faster through transpiration, leading to lower plant water status, higher dead leaf scores, and more spikelet 

sterility. Number of tillers (r = -0.857) and number panicles (r = -0.976) correlated significantly with days to 50% 

flowering respectively. These correlation indices estimated are very good since leaf and panicle water potential 

are highly associated with panicle exertion and anther dehiscence  were reported in this study by Babu et 

al.(2012). The benefits of earlier flowering over later flowering in terms of higher spikelet fertility, higher harvest 

index, and higher grain yield have been reported by Guimarães et al. (2013) in (Table 2). 

Additionally, the number of panicles had significant correlation with number of tillers per plant(r =0.947), while 

number of grain per plant recorded significant positive (r =0.707) and negative correlations with panicle length (r 

= -0.783) respectively (Table 3). It was observed that seed length (r = 0.846) was positively correlated with stem 

diameter but negatively correlated with grain weight (r = -0.802) (Table 3).  Soares et al. (2014) also noted that 

agronomic traits in rice have a certain degree of associations with each other and particularly traits such as plant 

height, tillering, panicles, and early maturation. Most of these  agronomic  traits  are  controlled  by  multiple  

genes  each  of  which  is  positively  or negatively  effective  in  the  performance  of the crop. A similar 

observation was made by Malik et al. (2005) who reported that tillering is a major component in agronomic 
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performance of rice as it correlates well with panicle number as well as the grains weight (yield). The result of the 

correlation analysis revealed that most productive genotypes under the rain-fed conditions were those with the 

highest number of panicles and tillers per plant, and well-formed grains. In this study corroborated earlier findings 

by Lafitte et al. (2002). Despite the observed variations in all these traits, all the genotypes had the normal range 

of values for all the traits studied in agreement with Smith et al (2003), except for number of seeds per panicle 

and days to 50 % flowering. Rice genotypes with such photosynthetic potential  are  noted  for  high  yield as  a  

result  of  effective utilization  of sunlight for efficient photosynthetic process. 

 

Conclusion  

 

Nerica 19 was the most productive genotypes recorded comparably significant grain weight than Bold grain with 

chicken manure application. The genotype Nerica 19 had higher plant height, earlier flowering period, higher 

grain weight, more panicles and tillers per plant than the landrace cultivar (Bold grain). The correlation analyses 

of the study revealed that the number of tillers per plant, panicle length, number of filled  grains per panicle, 

weight of 1000-grains, grain length, and days to maturity were the most important yield components. Therefore, 

the results suggested that the number of filled grains per panicle, grain length, the number of tillers per hill, and 

weight of 1000-grain weight are important yield traits which selection based on them would be effective under 

irrigated ecosystems. These genotypes could be recommended and introduced  

to farmers as cultivars; although they need to be more improved in the case of some undesirable traits, for 

example shattering in Bold grain Landrace. The Nerica L-19 genotypes contain adequate genetic variability, 

which can be used to complement and broaden the gene pool in advanced  genotypes. Breeders should therefore 

use the genotypes in their crop improvement programs not only to incorporate the desirable traits that are present 

in the genotypes, but also to change some undesirable traits.  
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Appendices 

Appendix.1 

Table 2: Pearson correlation coefficients of NERICA-L19 traits genotypes evaluated 

 Trait FPFl     PH     Tiller 

         

Panicle          PL      GP     SL          SD      GW 

 

FPFI  0.879** -0.857** -0.976** -0.056 -0.370 -0.260 -0.369 0.031 

 

PH   -0.968** -0.843** -0.340 -0.427 0.040 -0.090 -0.287 

 

Tiller    0.720** -0.677* 0.850** -0.283 -0.195 0.368 

 

Panicle     0.285 0.697 0.039 0.123 0.076 

          

PL      -0.675 -0.426 -0.451 0.202 

 

GP       0.142 -0.226 0.269 

 

SL        0.967** -0.987** 

 

SD         -0.865** 

 

GW          

 

* Pearson correlation is significant at 0.05 levels (2tailed). 

** Pearson correlation is significant at 0.01 levels (2 tailed). 

PH  =  Plant  Height;  FPFl = Days to 50% flowering; # Tiller = Number of Tillers; # Panicle = Number of  

Panicle; GW = Grain weight, PL = Panicle length; GP = Number of grains per plant;  SL = Seed length and SD = Stem diameter at the base 

 

Appendix. 2 

Table 3: Pearson correlation coefficients of Bold Grain traits genotypes evaluated 

 Trait FPFl     PH     Tiller 

         

Panicle          PL      GP     SL          SD      GW 

 

FPFI  0.770** -0.793** -0.858** -0.047 -0.481 -0.260 -0.369 0.042 

 

PH   -0.914** -0.889** -0.410 -0.427 0.040 -0.090 -0.277 

 

Tiller    0.947** -0.783* 0.707** -0.283 -0.195 0.418 

 

Panicle     0.375 0.697* 0.039 0.123 0.066 

          

PL      -0.675 -0.426 -0.451 0.309 

 

GP       0.142 -0.226 0.249 

        0.846** -0.802** 
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SL 

 

SD         -0.892** 

 

GW          

 

* Pearson correlation is significant at 0.05 levels (2tailed). 

** Pearson correlation is significant at 0.01 levels (2 tailed). 

PH  =  Plant  Height;  FPFl = Days to 50% flowering; # Tiller = Number of Tillers; # Panicle = Number of  

Panicle; GW = Grain weight, PL = Panicle length; GP = Number of grains per plant;  SL = Seed length and SD = 

Stem diameter at the base 
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Abstract 

An experiment on commercial heterosis for yield and yield related components in test crosses of yellow maize 

(Zea mays L.) was conducted in summer cropping season 2020, at Cereal Crops Research Institute (CCRI) 

Pirsabak, Nowshera. Data were recorded on 50% pollen shedding, 50% silking, plant height, ear height, 

earshectare-1, plant population ha-1, and grain yield. Minimum50% pollen shedding (60 days) was recorded for 

the genotypes, G-10, G-17, G-29 and G-30. Minimum commercial heterosis (-0.81%) was recorded for the 

genotypes G-10 and G-17 for the trait of 50% pollen shedding.  Lowest value for 50% silking (63 days) was 

exhibited by the genotypes, G-10, and G-29. Minimum commercial heterosis (-0.76%) for the trait of 50% 

silking was calculated for the genotype, G-10 (-2.30%). Plant height trait indicated shortest plants for the 

genotype G-5 with a numerical value of 126.7cm. Minimum commercial heterosis was recorded for the 

genotype, G-5 (-22.0%) for the aforementioned quantitative trait. Among the genotypes, G-10exhibitedhighest 

ear height (85.8cm). Maximum commercial heterosis was recorded for the plants of the genotype, G-10for the 

trait of ear height with a value 17.04%. Greatest plant populationhectare-1(64667 ha-1)was indicated by the 

genotype, G-44.Highest commercial heterosis was revealed for the genotype, G-44 (5.43%) for plant population 

hectare-1. Maximum earshectare-1 was found for the genotype, G-56 (67333 ha-1). Maximum commercial 

heterosis was founded by the genotype G-56 (9.78%). Highest grain yieldhectare-1 (8590 kg ha-1) was produced 

by the genotype, G-62.   

Keywords: Commercial heterosis; Test cross; Yellow maize; Genotypes 

 

Introduction 

 

Maize (Zea mays L.) also known as corn (north American and Australian English), belongs to Poaceae. Maize 

has a diploid chromosomes number of 2n=20 while genome is n=10. It is a cereal grain first domesticated by 

indigenous peoples in southern Mexico about 10,000 years ago. The leafy stalk of the produces pollen 

inflorescences and separate ovuliferous inflorescences called ears that yield kernels or seeds, which are fruits. 

Maize has become a staple food in many parts of the world, with the total production of maize surpassing that 

of wheat or rice.  
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Maize is used for corn ethanol, animal feed and other maize products, such as corn starch and corn syrup. The 

six major types of maize are dent corn, flint corn, pod corn, popcorn, flour corn, and sweet corn. Sugar-rich 

varieties called sweet corn are usually grown for human consumption as kernels, while field corn varieties are 

used for animal feed, various corn-based human food uses (including grinding into cornmeal or masa, pressing 

into corn oil, and fermentation and distillation into alcoholic beverages like bourbon whiskey), and as chemical 

feedstocks. Maize is also used in making ethanol and other bio-fuels. Maize ranks third in cereals after wheat 

and rice crops, with a cultivated area of about 100 million tons hectare 1,and having an annual production of 

1009 million metric tons (USDA FAO). In Pakistan, it is cultivated on around 1413 thousand hectares, having a 

total production of 7236 thousand tons with an average yield of 5121 kg ha1 (PBS.2020). Around 39% of the 

total area under maize and 30% of the total produce is contributed by Punjab, whereas KP contributes 56% of 

the total area and 63% of the production. Provinces of Sindh, and Baluchistan contribute just 5% of the total 

area under cultivation of maize and only 3% of its production (PBS. 2017). 

It plays a vital role in human and animal nutrition. It is one of the important crops being used as a staple food 

for millions of human populations particularly in the rural societies of the developing countries. It is used as a 

forage crop besides it is used in the preparation of animal feeds. It plays vital role in food security in various 

regions of the world. It contributes 2.6% to value addition in agriculture and 0.5% to GDP (GoP.2019). Maize 

accounts for 4.8% of the total cropped area and 3.5% of the value of agricultural output. In Khyber 

Pakhtunkhwa, maize is often grown as a dual-purpose crop, producing grain as well as fodder. 

 Keeping in view the importance of maize hybrids the current experiment was designed with objectives to 

determine high yielding test cross hybrid of yellow maize and to determine early maturity in the test crosses. 

Materials and methods 

Experimental site and Treatments 

The experiment on commercial heterosis for yield and yield related components in test crosses of yellow maize 

was conducted at Cereal Crops Research Institute (CCRI) Pirsabak, Nowshera, Pakistan during 2020. A total of 

61 tests crosses of yellow maize along with one commercial hybrid (CS-2Y10) as a check, were evaluated in 

triplicate trial using RCBD design. The plot size was 1.12m for each genotype and comprised of two rows. Row 

length was kept 3 meters with plant to plant spacing of 0.25 meters and with a row to row spacing of 0.75 

meters. All necessary Cultural practices (hoeing, weeding, irrigation and fertilizer application) for maize were 

performed in order to reduce experimental error.  

The data were recorded on the following traits. 

 

Procedures for Data Measurement  

 

Data on 50% Pollen shedding was recorded when more than 50% plants in a plot produced tassels. Likewise, 50 

% silking was recorded by observing the plants having more than 50% silking in each plot. Pollens shedding 

was visually observed and 50% pollen shedding data was recorded. In addition, for plant height data, five plants 

from each plots were selected and were measured with the help of meter rod. Ear height was measured in 

centimeters (cm) from ground level to node bearing the upper most ears. Data on plant population hectare-1 was 

noted by multiplying space between plants with spacing between the rows. We converted cm to m, multiply 

distance between plants spacing and the between rows spacing, divide are of 1 hectare by 0.27 m2.  For grain 

yield data, the cobs from each plant were harvested and fresh ear weight was recorded.  
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With the help of moisture tester, moisture percentage of each grain sample taken from all the plots was 

determined. Finally gain yield hectare-1 was determined with the help of following formula. 

Grain yield = FW (kg plot-1) × (100-MC) × S ×   10000m2 (85) × Area harvested (plot size) 

 

Where  

 

FW= Fresh ear weight at harvest 

S = Shelling coefficient = 0.8 

Area harvested plot-1 = 1.12m2 

1 hectare = 10,000 m2 

MC = Percent grain moisture at harvest 

85 = Standard value of grain moisture at 15%  

 

Statistical analysis  

 

To get conclusive results of this experiment the field data was subjected to analysis of variance (ANOVA) 

procedure as recommended for alpha lattice design by Barreto et al. (1997). Least significant differences (LSD) 

test was used for means separation. 

 

Results and discussion 

 

Pollen shedding of 50% 

  

Data regarding, 50% pollen shedding indicated significant (P<0.05) differences among the test crosses of 

yellow maize. Minimum value for 50% pollen shedding (60 days) was recorded for the genotype G-29.  

Smallest value of commercial heterosis for 50% pollen shedding (-1.63%) was manifested by the genotype, G-

29. Mean of 50% pollen shedding of all the genotypes was 64.50 days. Coefficient of variation (CV) for 50% 

pollen shedding was 0.1%. The results of our experiment are in close coordination with Khan et al. (2013) who 

had reported significant differences for 50% pollen shedding in maize hybrids. They also reported smallest 

value (63.33 days) for 50% pollen shedding among maize genotypes in their experiment.  

 

Measurements of Silking 

 

Analysis of variance indicated non-significant differences (P˃0.05) for data concerning 50% silking among the 

genotypes of yellow maize. Data on 50% silking indicated a smallest value of 63 days for the genotypes, G-10 

and G-29.  Calculation of commercial heterosis for 50% silking among the studied genotypes exhibited a 

meager value (-2.30%) of for the genotype, G-10. All the studied genotypes indicated a mean value of 65.98 

days 50% silking. Coefficient of variation (CV) for 50% silking was 0.1%. The results of our experiment are in 

close coordination with Khan et al., (2013) who had reported significant differences for 50% pollen shedding in 

maize hybrids. They also reported smallest value (62.33 days) for 50% silking among maize genotypes in their 

experiment.  
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Plant height  

 

The data pertaining to plant height indicated significant (P<0.05) differences among the test crosses of yellow 

maize (Table 1). Plant height was ranging in maize test crosses of yellow maize from 126.70 to 165.08 cm. 

Among the genotypes of yellow maize, short stature plants with a height of 126.70 cm were recorded for the 

genotype, G-5. Coefficient of variation (CV) for plant height was 3%. Least significant difference for the 

aforesaid trait was 3% (Table 2). Slightest value of -22.00% for the trait of plant height, was recorded in the 

plants of the genotype, G-5 among the evaluated candidate hybrids of yellow maize (Table 3). Our results are in 

line with the findings of legesu et al., (2017). They also observed significant differences for the trait of plant 

height. 

 

Table 1:  Mean squares for 50%pollen shed, 50% silking, plant height, ear height, plant population, number of 

ears and grain yield of maize genotypes.  

SOV Replication Genotypes Error CV% 

D.F 2 62 124  

50%PS 0.07 5.94* 3.87 0.1 

50%S 0.12 5.37 3.67 0.1 

PTHT 1237.1 230.70* 110.5 3 

EHT 617.29 131.14* 67.98 4.6 

PPH-1 1.35 1.82N.S 7.26 8.8 

EH-1 8.67 1.94* 7.62 7.1 

GY 10.89 1.95* 0.75 6.1 

*significant at 5% level of probability  PS= Pollen shedding, S= Silking’ PTHT= Plant height, EHT= Ear 

height, PPH-1= Plant Population hectare-1 , EH-1=  Ears hectare-1  GY= Grain yield  

Ear height  

 

Analysis of variance for ear height indicated significant (P<0.05) differences among the genotypes of yellow 

maize. Data relating to ear height indicated maximum value of 85.80 cm for the genotype, G-10 among the 

genotypes of yellow maize. It was followed by genotypes G-29 and G-38 with values of 82.50 cm and 80.80 cm 

respectively for the trait of ear height. Among the candidate maize hybrids the range for ear height was from 

55.00 to 85.80 cm. Coefficient of variation (CV) for ear height was 4.6% (Table 2). Maximum value (17.04%) 

of commercial heterosis was recorded for the genotype, G-10 for the above mentioned trait (Table 3). The 

results of our experiment are fully supported by Hossein et al., (2012) who had also reported significant 

differences for the trait of ear height. Lengthy ears are more desirable for grain yield. 

 

Plant population hectare-1 

 

Analysis of variance for the trait of plant population hectare-1 revealed non-significant differences among the 

candidate hybrids of maize (Table.1). Coefficient of variation (CV) for plant population hectare-1 was 8.8%. 

Range among the genotypes for plant population hectare-1 was from 9333 to 64000 plants hectare-1. Mean value 

plant population was 36666 plants hectare-1for plant population hectare-1. Minimum plant population (9333 

plants ha-1) was observed for the genotype, G-23, where the highest value of 64333 plants hectare-1 were 

recorded for genotype, G-51 (Table 2). Highest value of commercial heterosis was recorded for the genotype, 
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G-41 (Table3). The findings of the present research are in line with Qamaret al. (2007) who have been reported 

results which are similar to our findings. According to their study plant population hectare-1 was observed with 

non-significant differences among maize hybrids in their experiment. 

Table 2. Mean performance of test crosses (yellow maize) for 50% pollen shedding, 50%silking, plant height, 

ear height, plant population, number of ears and grain yield at CCRI during 2020. 

Genotype 50% PS 

(Days) 

50% S 

 (Days) 

PH (cm) EH (cm) PPH-1 EH-1 

 

GY  

(Kg ha-1) 

G-1 63 67 152.5 75.0 43333 42000 6200 

G-2 61 65 155.8 79.2 34000 32000 6310 

 G-3 62 66 157.5 79.2 60000 59333 7500 

G-4 62 65 155.0 75.0 57333 57333 7210 

G-5 64 67 126.7 63.3 45333 44000 6980 

G-6 62 65 167.5 79.2 58667 57333 7070 

G-7 61 65 159.2 76.7 56000 56000 6800 

G-8 61 65 151.7 73.3 55333 54667 6910 

G-9 63 66 130.8 68.3 50667 48667 6210 

G-10 60 63 151.7 85.8 56667 55333 6900 

G-11 62 65 145.0 65.0 57333 52000 6740 

G-12 61 64 150.0 71.7 60667 60667 7420 

G-13 63 66 150.0 68.3 59333 58000 6580 

G-14 61 65 145.0 74.2 54667 54667 6960 

G-15 62 65 154.2 69.2 49333 49333 6520 

G-16 64 66 146.7 75.0 56000 54000 6610 

G-17 60 64 131.7 65.0 49333 49333 6190 

G-18 62 65 140.0 60.0 52667 50000 6820 

G-19 64 66 145.8 70.8 53333 51333 7040 

G-20 62 65 151.7 73.3 62000 61333 7160 

G-21 63 66 147.5 63.3 62000 60667 7730 

G-22 63 66 145.8 71.7 48667 46667 6390 

G-23 70 73 130.0 61.7 9333 8667 1390 

G-24 62 65 164.2 73.3 53333 53333 7440 

G-25 63 66 148.3 55.0 30000 30000 5900 

G-26 62 65 173.3 75.0 52000 52000 6970 

G-27 62 65 154.2 70.0 51333 51333 6480 

G-28 63 66 144.2 63.3 47333 43333 6260 

G-29 60 63 164.2 82.5 58667 58667 7270 

G-30 60 64 165.8 80.8 58000 58000 7190 

G-31 61 65 141.7 57.5 40667 39333 6290 

G-32 60 64 156.7 70.0 59333 58000 6790 

G-33 61 65 157.5 76.7 57333 56667 7330 

G-34 61 64 165.0 80.8 56667 56667 7110 

G-35 62 65 154.2 70.0 58000 58000 7900 
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G-36 66 69 142.5 67.5 33333 32000 3910 

G-37 64 67 128.3 57.5 39333 38667 5820 

G-38 62 66 161.7 80.8 52000 51333 8090 

G-39 62 65 134.2 62.5 41333 38667 6380 

G-40 63 67 142.5 63.3 56667 56667 6410 

G-41 62 65 164.2 80.0 56000 56000 7410 

4 G-2 63 65 158.3 77.5 56667 55333 7080 

G-43 64 67 148.3 55.0 46667 46000 6130 

G-44 62 65 158.3 77.5 64667 63333 7360 

G-45 62 66 141.7 64.2 62667 62667 6990 

G-46 63 66 145.0 68.3 55333 54667 6890 

G-47 63 67 132.5 55.0 62000 61333 7140 

G-48 61 64 143.3 66.7 61333 60667 7050 

G-49 63 66 150.0 65.8 58000 54667 6830 

G-50 63 66 153.3 70.0 59333 58667 7910 

G-51 62 65 157.5 76.7 64000 64000 7470 

G-52 63 67 127.5 55.8 57333 57333 6890 

G-53 67 71 141.7 56.7 44667 43333 6200 

G-54 62 66 141.7 58.3 56667 56667 7410 

G-55 62 65 149.2 65.8 58000 56667 7860 

G-56 61 65 137.5 65.0 60667 67333 6800 

G-57 67 70 134.2 55.0 62000 60000 6590 

G-58 62 65 145.8 70.8 58667 58667 7410 

G-59 62 66 147.5 67.5 54667 54667 7140 

G-60 61 64 151.7 72.5 50000 50000 8390 

G-61 63 66 150.8 67.5 62000 60667 6980 

CS-2y10 61 65 162.5 73.3 61333 61333 8590 

 PS= Pollen shedding, S= Silking’ PTHT= Plant height, EHT= Ear height, PPH-1= Plant Population hectare-1 , 

EH-1=  Ears hectare-1  GY= Grain yield  

 

Ears hectare-1 

 

Data regarding ears hectare-1on analysis of variance revealed significant variation (P<0.05) among the 

genotypes of maize (Table 1). Maximum ears hectare-1(67333 ears ha-1) was recorded for the genotype, G-56 

while lesser number of ears hectare-1 for the genotype, G-1. Range of the data for ears hectare-1 was from 42000 

to 67333 ears hectare-1 among the studied genotypes. Mean for the trait for ears hectare-1 was 54666 (Table 2). 

Results of commercial heterosis on computation indicated highest value of 9.78% for the genotype, G-56 for 

ears hectare-1 in the evaluated maize genotypes during the study (Table 3). Our results in lined with the findings 

of   Soza et al. (1996). They have been reported highly significant differences for ears hectare-1. 

 

Grain yield 

 

Data relating to grain yield among the evaluated genotypes manifested significant differences (P<0.05) on 

analysis of variance which provided justification that all candidate hybrids were highly different from one 
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another (Table 1). Among the studied genotypes range for the data of grain yield was from1392 to 8592 kg ha-1 

while mean for the aforementioned trait was 6839 kg ha-1. Highest grain yield was recorded for the genotype, 

G-62 in the evaluated genotypes while a very low value of 1392 kg ha-1for the above said trait was exhibited by 

the genotype, G-23.Coefficient of variation for grain yield was 6.1% (Table 2).As the yield of commercial 

hybrid was more from all the candidate hybrids as the heterotic effect was in negative which was undesirable 

for grain yield (Table 3).Results of our experiment are fully supported by the research study of (Sleper and 

Phoelman, 2006) and (Russel, 1986) who have been reported in their research study that hybrid with high yield 

potential is the primary and most important objective in breeding maize crop. Hybrids generally have higher 

yield potential than open pollinated varieties and have long ears with more grain rows and greater grain yield. 

According to them current maize hybrids have greater yield potential as compared to older hybrids. Findings of 

our experiment are also in close proximity with the experimental results of Chandel and Mankotia (2014). They 

have reported highly significant differences among the test crosses of maize for various traits including grain 

yield. They evaluated test crosses to determine the relative potential of maize inbred lines in a hybrid breeding 

program. 

 

Table 3: Commercial heterosis (%) for 50%pollen shed, 50%silking, plant height, earheight, plant population         

hectare-1, ear hectare-1 and grain yield  

Genotype 50%PS 

(Days) 

50%S 

(Days) 

PH 

(cm) 

EH 

(cm) 

PPH-1 EH-1 GY  

(Kg ha-1) 

G-1 4.09 3.07 -6.15 2.27 -29.34 -31.52 -27.77 

G-2 0.81 0 -4.10 7.95 -44.56 -47.82 -26.52 

 G-3 2.45 1.53 -3.07 7.95 -2.17 -3.26 -12.62 

G-4 2.45 0.76 -4.61 2.27 -6.52 -6.52 -15.99 

G-5 4.91 3.07 -22.0 -13.63 -26.08 -28.26 -18.72 

G-6 1.63 0.76 3.07 7.95 -4.34 -6.52 -17.66 

G-7 0 0 -2.05 4.54 -8.69 -8.69 -20.75 

G-8 0.81 0 -6.66 0 -9.78 -10.86 -19.56 

G-9 3.27 2.30 -19.48 -6.81 -17.39 -20.65 -27.68 

G-10 -0.81 -2.30 -6.66 17.04 -7.60 -9.78 -19.61 

G-11 2.45 0.76 -10.76 -11.36 -15.21 -15.21 -21.55 

G-12 0 -1.53 -7.69 -2.27 -1.08 -1.08 -13.61 

G-13 4.09 2.30 -7.69 -6.81 -3.26 -5.43 -23.34 

G-14 0.81 0.76 -10.76 1.13 -10.86 -10.86 -18.88 

G-15 2.45 0.76 -5.12 -5.68 -19.56 -19.56 -24.06 

G-16 4.91 2.30 -9.74 2.27 -8.69 -11.95 -22.99 

G-17 -0.81 -1.53 -18.97 -11.36 -19.56 -19.56 -27.92 

G-18 2.45 0.76 -13.84 -18.18 -14.13 -18.47 -20.56 

G-19 4.91 2.30 -10.25 -3.40 -13.04 -16.30 -18.05 

G-20 2.45 0.76 -6.66 0 1.08 0 -16.57 

G-21 3.27 2.30 -9.23 -13.63 1.08 -1.08 -9.92 

G-22 3.27 2.30 -10.25 -2.27 -20.65 -23.91 -25.61 

G-23 14.75 12.30 -20 -15.90 -19.56 -85.86 -83.79 

G-24 1.63 0 1.02 0 -13.04 -13.04 -13.39 
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G-25 3.27 2.30 -8.71 -25 -51.08 -51.08 -31.33 

G-26 2.45 0.76 6.66 2.27 -15.21 -15.21 -18.83 

G-27 1.63 0.76 -5.12 -4.54 -16.30 -16.30 -24.53 

G-28 3.27 1.53 -11.28 -13.63 -22.82 -29.34 -27.12 

G-29 -1.63 -2.30 1.02 12.50 -4.34 -4.34 -15.31 

G-30 -0.81 -1.53 2.05 10.22 -5.43 -5.43 -16.24 

G-31 0 0 -12.82 -21.59 -33.69 -35.86 -26.75 

G-32 -0.81 -1.53 -3.58 -4.54 -3.26 -5.43 -20.91 

G-33 0 0 -3.07 4.54 -6.52 -7.60 -14.58 

G-34 0.81 -0.76 1.53 10.22 -7.60 -7.60 -17.17 

G-35 2.45 0.76 -5.12 -4.54 -5.43 -5.43 -7.99 

G-36 8.19 6.15 -12.30 -7.95 -45.65 -47.82 -54.45 

G-37 5.73 3.84 -21.02 -21.59 -35.86 -36.95 -32.22 

G-38 2.45 1.53 -0.51 10.22 -15.21 -16.30 -5.83 

G-39 1.63 0.76 -17.43 -14.77 -32.60 -36.95 -25.69 

G-40 3.27 3.07 -12.30 -13.63 -7.60 -7.60 -25.31 

G-41 2.45 0.76 1.02 10.22 -8.69 -8.69 -13.65 

4 G-2 3.27 0.76 -2.56 5.68 -7.60 -9.78 -17.51 

G-43 4.91 3.84 -8.71 -25 -23.91 -24.99 -28.59 

G-44 1.63 0.76 -2.56 5.68 5.43 3.26 -14.23 

G-45 2.45 1.53 -12.82 -12.49 2.17 2.17 -18.62 

G-46 3.27 1.53 -10.76 -6.8 -9.78 -10.86 -19.75 

G-47 4.09 3.84 -18.46 -25 1.08 0 -16.80 

G-48 0 -0.76 -11.79 -9.09 0 -1.08 -17.93 

G-49 3.27 2.30 -7.69 -10.22 -5.43 -10.86 -20.48 

G-50 3.27 2.30 -5.64 -4.54 -3.26 -4.34 -7.85 

G-51 1.63 0.76 -3.07 4.54 4.34 4.34 -13.01 

G-52 3.27 3.07 -21.53 -23.86 -6.52 -6.52 -19.73 

G-53 10.65 9.23 -12.82 -22.72 -27.17 -29.34 -27.78 

G-54 2.45 2.30 -12.82 -20.45 -7.60 -7.60 -13.72 

G-55 1.63 0.76 -8.20 -10.22 -5.43 -7.60 -8.41 

G-56 0.81 0 -15.38 -11.36 -1.08 9.78 -20.76 

G-57 10.65 8.46 -17.43 -31.81 1.08 -2.17 -23.23 

G-58 2.45 0.76 -10.25 -3.40 -4.34 -4.34 -13.74 

G-59 1.63 1.53 -9.23 -7.95 -10.86 -10.86 -16.79 

G-60 0.81 -0.76 -6.66 -1.13 -18.47 -18.47 -2.30 

G-61 3.27 1.53 -7.17 -7.95 1.08 -1.08 -18.69 

CS-2y10 0 0 0 0 0 0 0 

PS= Pollen shedding, S= Silking’ PTHT= Plant height, EHT= Ear height, PPH-1= Plant Population hectare-

 1 , EH-1=  Ears hectare-1  GY= Grain yield  

Conclusion 

It was concluded from the current study that G62 and G56 were found potential maize genotypes with higher 

grain and greater commercial heterosis. The genotypes (G-10, G-17, G-29 and G-30) were found early pollen 
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shedding as well as poor with commercial heterosis (-0.81%).  Lowest value for 50% silking (63 days) was 

exhibited for the genotypes, G-10, and G-29.  
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Abstract 

Pecans are nuts producing tree plants which have high economic importance among horticulture crops. Plain and 

low hilly areas of Khyber Pakhtunkhwa have the highest future scope for Pecannuts cultivation. For the 

availability of good quality and maximum quantity of plants, the present study was carried out at Horticulture 

Research farm, Agricultural Research Institute, Tarnab, Peshawar during the year 2017.The study aimed to find 

the optimum time for the production of nursery plants of Pecannuts varieties through grafting. The experiment 

was laid out in randomized complete block design in split-plot arrangement with two factor and three 

replications. There were 30 plants per treatment. Pecannuts varieties Habib-96, Wichita, and Mohawk were 

grafted at different dates i.e. January 15, February 1st, February 15, and March 02. Findings of the study 

revealed that maximum graft sprouting and plant survival was recorded by grafting on January 15th. Grafting on 

first February had higher vegetative growth like stem diameter and number of leaves. Among the Pecan cultivars 

more sprouting percentage (47.1%), survival percentage (37.5), and stem diameter (1.27cm)were attained by 

Habib-96. As far as the interaction effects are concerned the maximum values were observed by grafting Habib-

96 on February 15 for most of the parameters studied, in contrast to minimum values for all the parameters by 

grafting the varieties on 2nd March. Therefore, among the Pecan nut varieties, Habib-96 was best and the 

optimum time to graftismid-February. 

 

Keywords: Carya illinoinensis; Scion; Grafting; Season; Propagation 

 

Introduction 

 

The pecan (Caryaillinoinensis) belongs to the Juglandaceae family. It is also called "Mississipi nut" or 

"illinoinensis nut". The pecan first appeared on the North American continent during the cretaceous period 

(Stuckey and Kyle, 1925). Those pecan cultivars named since 1920 comprise 28 southeastern, 64 western and 21 

northern cultivars. Fifty one cultivars were named before 1900 (Miller, 1977). The native range of pecan is the 

flood plains along the Mississippi Lower Ohio, Lower Missouri, lower red rivers and their associated tributaries. 

The early French and Spanish explorers and settlers in this area found that native Indians using the nuts as food 

(Hartmann, 1981).Among the Horticulture crops, pecannuts are highly valuable due to excellent nuts production, 

good timber, and intercrops well with a variety of crops.  
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Trees are deciduous and can reach a height of 55 m or more, however the cultivated varieties attain their height 

upto 10-15 m and can spread upto 7-10m (Krochmal and Krochmal, 1982). 

Pecans require a long, frost free growing season with hot days and warm nights to properly mature the nuts. Most 

commercial cultivars require from 180-210 days to mature their nuts, although some cultivars mature their nuts 

in 110-120 days. The tree requires some winter-chilling to overcome bud dormancy and permit proper vegetative 

growth in the spring. Pecan requires about 600 chilling hours (Lagarda, 1987). 

The propagation through the sexual methods may result in the loss of desirable genetic traits, resulting in trees 

distinct from the mother tree. Therefore search for new and more desirable techniques for fruit propagation is 

necessary. 

Pecans do not root easily from cuttings, so seedling pecans are used as rootstocks. Unlike many other fruit or nut 

crops, there is no specific rootstock but stronger growing wild pecan seedlings are preferred as rootstocks. The 

grafting success dependson  the appropriate choice  for scion/rootstock combinations,  using of proper grafting 

method and grafts maintaining (El-Gazzaret al., 2016). According to Hussain et al, (2016) each variety has 

different graftage success when propagated in different time of grafting, therefore a proper time can be 

researched to find an appropriate time for the production of it,s nursery plants. 

There are nine (9) varieties of pecan nutsat Agricultural Research Institute Tarnab, Peshawar. Which were 

planted around 25 years ago and now they are in full bearing. Two varieties i.e. Habib-96 and Wichita have been 

approved for commercial plantation. The farmers demand for nursery plants is day by day increasing due to its 

successful cultivation at the central zone of Khyber Pakhtunkhwa due to taste and other fruit qualities. 

Keeping in view the importance of pecan nut vegetative propagation by grafting, this study was initiated. The 

project aimedto study the graft union and growth of three pecan nut cultivars at different grafting times. 

 

Materials and methods 

 

Experimental location 

 

The experiment was conducted at Horticulture Research farm, Agricultural Research institute Tarnab Peshawar, 

Pakistan during year2017. The research Institute is located at 1178 ftfrom sea level.  

 

Experimental detail 

 

The research on grafting of pecan nut varieties Habib-96, Wichita, and Mohawk on different dates i.e., January 

15, February 1st,February 15 and March 02 was carried out in the lathe house having 30% shade in randomized 

complete block design with two factorial arrangement. There were 30 plants per treatment. The wild pecan nuts 

seed were sown in plastic bags in January 2016 and were banana grafted when the seedlings were one year old. 

The Plants grafted were of pencil size, healthy and free of diseases. All the cultural practices were kept constant 

forall the treatment.  

 

Measurements and observations  

 

During the experiment the variables studied were; sprouting percentage (plants sprouted per treatment were 

counted and then percentage was calculated),days to sprouting (counting the days from date of grafting until it 

starts sprouting, plant survival percentage (total number of plants with successful scion and stock combination), 
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Number of shoots per plant, stem diameter, number of leaves by counting the leaves on each shoot and then 

average was calculated numbers of sprouts and leaflet area through leaf area meter. 

 

Statistical  analysis  

 

The data in triplicate (10 plants per replication) were statistically analyzed by usingrandomized complete block 

design with 2 factors through observed that the effect of grafting timeSPSS program and the means were 

compared by using student’s t-test (Jan, et al., 2009). 

 

Results and Discussion 

 

Graft sprouting percentage 

 

The data pertaining to the graft sprouting percentage (Table 1) showed that different grafting dates had a 

significant effect on the graft sprouting percentage. Maximum sprouting percentage (53.8%) was recorded for 

the plants grafted on February 1st. Habib-96 was the variety with maximum sprouting percentage 

(47.1%).Generally, tongue grafting requires about a month after growth starts for the union to take place 

(Childers, 1983).The union between a rootstock and scion results from the interlocking of the cells from both 

parts. If this healing process of the graft wounds is not completed, then with the coming of spring, the rest period 

of the buds on the rootstock will be broken in response to adequate chilling, and the active growth of these buds 

will start, which will directly affect the sprouting and growth of grafted buds. Therefore, Hartmann etal.,(1981) 

suggested that for all types of grafting, the buds on the scion wood and bud wood must be dormant when the 

grafting. 

 

Table 1: Graft sprouting and days to sprouting of different varieties of  pecan nuts as affected by grafted dates. 

Time of 

grafting 

(T) 

Graftage sprouting Percentage  Days to sprouting  

Variety (V)  Variety (V)  

Habib-96  Wichita Mohwk Mean Habib-96  Wichita Mohawk Mean 

15th Jan 65.0 46.6 50.0 53.8a 66.6 64.6  65.0  65.4 a 

1st Feb 58.3 45.0 41.6 48.3a 62.6 56.3  59.3 59.3 b 

15th Feb 38.3 43.3 30.0 37.2b 57.3  51.0  52.3  53.5 c 

2nd Mar 26.6 33.3 26.6 28.8b 50.4  46.3  44.3  47.0 d 

Mean 47.1a 42.1ab 37.1b  59.2a 55.4 c 54.5 b  

LSD T V T x V  T V T x V  

0.05 10.516 9.107 NS  2.7873 2.413 NS  

Means followed by same letter are not significantly different at 5% level of Significance. 

 

Days to sprouting 

 

Pecannuts varieties and their interaction had a significant effect on number of days to sprouting (Table 1). 

Maximum number of days to sprouting (65.4) was taken by the plants grafted on January 15th, whereas a 

minimum (47.0) days to sprouting were taken by the plants grafted on March 2nd.Mean value for different 

varieties showed that days taken to sprouting were maximum in Habib-96 (59.2 days), followed by Wichita (55.4 
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days). Minimum days to sprouting were taken by Mohawk (50.4 days). Grafting is practiced in the dormant 

season and buds start to grow actively in the spring. Therefore, those plants which are grafted early in the winter 

took more days to sprout as compared to others grafted late in the winter or early spring. These results are due to 

the varietal characteristics from cultivar to cultivar. The results are in line with Paunovic et al., (2011) early or 

late initiation of sprouting might have due to distinctive adaptability of each variety in that environment, genetic 

potential and ambient conditions favoring the sprouting phase by terminating its rest period. 

 

Percent plant survival 

 

Maximum plant survival (37.5%) was observed in Habib-96 and Wichita and Mohawk recorded a lower plant 

survival percentage. Various grafting dates had significant effect on the percent plant survival of various 

varieties. Maximum plant survival percentage 58.5% and 52.2% was recorded in plants grafted on 15th January 

and 1st February, respectively. In the previous paragraphs, the adverse affects on grafting in the spring are 

described. The findings are in line with an appropriate season to conduct grafting in many fruit trees, when plants 

have accumulated enough nutrients to allow the formation of new tissues, fundamental in the consolidation of the 

scion (Zanette, 2011, Hussain et al., 2016). Grafting late in the dormant season will contribute inadequate period 

for the healing process and, therefore, the absence of development of normal vascular tissue at the graft union 

will occur. This situation results in the premature failure of the grafts and poor plant survival percentage. 

 

Number of Shoot 

 

The data related to number of shoots per plant showed that different grafting dates and their interaction with 

variety had a significant effect on number of shoots per plant. Grafting on 15th February produced maximum 

number of shoots (2.2), while minimum number of shoots were found in all varieties plants grafted on March 2nd. 

The value of interaction between different grafting dates and varieties was also significant. Maximum number of 

shoots (3.0) were observed in Wichita grafted on 15th February, followed by Habib-96 (2.7) grafted on January 

15th. Minimum number of shoots (1.0) were observed in all the varieties grafted on 2nd March.  

It appears that number of shoots per plant are directly related to the graft sprouting percentage and percent plant 

survival in various varieties grafted at different timings. The high sprouting percentage and survival is due to the 

successful graft union and development of normal vascular tissue at the graft union. Therefore, the strong and 

functionally continuous system of vascular to the growing scion and thus enhance the number of shoots per 

plant. The same reasons are behind the significant value of interaction between grafting dates and varieties. 

Maximum and minimum values of each grafted variety are in accordance with the graft sprouting percentage and 

percent plant survival (Mohamed et al.,2014). Stem which contribute to the plant shoots emergence and growth 

is a genetic character and shows itself in the soil and climate most suited to the plants of the variety.  

 

Stem diameter 

 

The data related to stem diameter revealed that the plants grafted on different dates and interaction between 

grafting dates and varieties had significant effect on stem diameter (Table 3) The difference in stem diameter 

among the plants grafted on different dates is non significant, but is significant only in plants grafted on March 

12, which showed the least stem diameter (1.08 cm). Maximum stem diameter was recorded in Habib-96 (1.7cm) 

grafted on 15th January, followed by Wichita (1.4cm) grafted 15th February. The findings are in line with Hussain 
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et al., (2016) that stem diameter is directly related to stem and number of leaves. Maximum number of leaves 

contribute to the preparation of additional photosynthate which enhances the growth and development of the 

stem. Minimum number of leaves result in less production of photosynthate and the stem thickness remain less 

(Lockhardand  Schneider, 1981). 

 

Table 2: Plant survival and Number of shoots of different varieties of  pecan nuts as affected by grafted dates. 

Time of 

grafting 

(T) 

Plant survival percantage  Number of shoots  

Variety (V)  Variety (V)  

Habib-96  Wichita Mohawk Mean Habib-96  Wichita Mohawk Mean 

15th Jan 66.7 56.6 53.3 58.8A 2.7ab 1.0 e 2.0 cd 1.9 b 

1st Feb 58.3 56.6 41.6  52.2A 2.0 cd 2.0 cd 2.3 bc 2.1 ab 

15th Feb 40.0 48.3 31.6 40.0B 1.7 d 3.0 a 2.0 cd 2.2 a 

2nd Mar 28.3 41.6 31.6 33.8B 1.0 e 1.0 e 1.0 e 1.0 c 

Mean 37.5A 27.0B 25.0B  1.83 1.75 1.83  

LSD T V T x V  T V T x V  

0.05 8.604 7.451 NS  0.302 NS 0.523  

Means followed by same letter are not significantly different at 5% level of Significance. 

 

It is clear from the results that stronger graft union regulates the transport of water and nutrients and enhance the 

active growth of the scion with the start of spring season and end of the rest period. In this process, reduction in 

levels of growth inhibitors and magnification in the levels of growth promoters occur (Bekhradi  et  al.,  2011). 

 

Table 3: Stem diameter of different varieties of  pecan nuts as affected by grafted dates. 

Time of grafting 

(T) 

stem diameter (cm)  

Variety (V)  

Habib-96  Wichita Mohak Mean 

15th Jan 1.7ª 0.9e 1.2d 1.27 a 

1st Feb 1.2cd 1.3c 1.3c 1.28 a 

15th Feb 1.2d 1.4b 1.2cd 1.27 a 

2nd Mar 1.0e 1.2cd 1.01 e 1.08 b 

Mean 1.27 1.23 1.18  

LSD T V T x V  

0.05 0.062 NS 0.108  

Means followed by same letter are not significantly different at 5% level of Significance. 

 

Number of leaves per plant 

 

The data regarding number of leaves per plant Table 4 revealed that significant difference in number of leaves 

for time of grafting and also it,s interaction with variety. The value of interaction between grafting dates and 

varieties were highly significant. Maximum number of leaves (46) per plant were found in Habib-96 grafted on 

February 17, followed by Mohawk (40.3) grafted on March 04. Minimum number of leaves (16) were observed 
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in Habib-96 and Mohawk grafted on March 12, and Wichita grafted on February 17.Maximum number of leaves 

(46) ware found in Habib-96 grafted on 15th January followed by Mohawk (40.0) grafted on March 15th. Number 

of leaves have direct relation with number of branches and stem. The  impact  of leaves  retention  had  positive  

impact  on  the  rooting and  also  on  the  new  sprouts  emergence,  which  in turn caused higher percentage of 

success (Hussain et al, 2014). The plants having more branches produce more leaves. The variation in number of 

leaves may also be due to the genetic reason i.e. each cultivar has its own genetic background (El-Gazzar, et al., 

2016). 

 

Leaflet area 

 

The data regarding average leaflet area (Table 4) showed that different grafting dates, varieties, and their 

interaction had significant effect on average leaflet area. Maximum leaflet area (20.55 cm²) was recorded in 

plants grafted on 15th January, whereas minimum leaflet area (14.8 cm²) was observed in plants grafted on 2nd 

March. The difference in leaflet area among Habib-96 and Mohawk is non significant, but is significant as 

compared to variety Wichita where leaflet was observed maximum (20.8cm²). The variations in leaflet area may 

be due to the number of leaves per plant and the result of genetic potential of the variety for better utilization of 

available nutrients. Moreover, the environmental factor may be responsible for the leaf expansion in comparison 

to other varieties which could not avail the prevailing conditions for leaf area development (Soumlidou et al., 

1994). 

 

Table 4. Number of leaves and leaf area of different varieties of  pecan nuts as affected by grafted dates. 

Time of 

grafting 

(T) 

Number of leaves  Leaflet area (cm)²  

Variety (V)  Variety (V)  

Habib-96  Wichita Mohak Mean Habib-96  Wichita Mohawk Mean 

15th Jan 46a 16f   23cdef 28.3a 26.3a  18.1cd 17.3 cd 20.5a 

1st Feb 24cde 28bc  31b 28.0a 16.3de 22.1b  19.1 c  19.1b 

15th Feb 18ef  40a   27bcd 28.4a 14.3ef 23.7b  19.4c  19.2b 

2nd Mar 16f   20def 16f 17.3b 11.8g  19.4c  13.2fg 14.8c 

Mean 26.0 26.17 24.42  17.19 b 20.85 a  17.23 b   

LSD T V T x V  T V T x V  

0.05 4.290 NS 7.430  1.359 1.239 2.354  

Means followed by same letter are not significantly different at 5% level of Significance. 

 

Conclusions 

 

It was concluded from the study that pecannuts variety  Habib-96 was found the best among the  tested Pecan 

cultivars with enhanced sprouting and survival percentage and stem diameter. Across varietis, grafting during 

January 15th were found better in term of plant survival and sprouting. The Grafting on first February was better 

for vigorous vegetative growth including stem diameter and number of leaves. The pecan variety Habib-96 when 

grafted during mid febrary were recommended for maximum survival and vegetative growth.  
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Abstract 

The agricultural soil has extremely become contaminated with various pollutants. These pollutants arise from 

divergent sources including agricultural and industrial drainage, erosion and weathering of rocks, and various 

human activities, especially after the great development in the industrial sector through the latest decades. Such 

contaminants negatively affect humankind due to their direct or indirect access to the food chain. Hence, their 

remediation should be highly considered. A number of techniques have been exploited in contaminant 

elimination including thermal, chemical or combination of both methods, but these methods are expensive and 

more complicated. Some plants possess a high capability to eliminate pollutants safely and without the need for 

a lot of expenses, these plants are called hyperaccumulators. Hyperaccumulators can utilize different techniques 

to decontaminate soils such as phytoextraction, phytostabilization, phytovolatalization, rhizofitration, and 

phytodegradation. All the techniques used in soil decontamination are called “phytoremediation”, which is 

essentially affected by soil and metal properties and plant species. Hyperaccumulators are equipped with various 

mechanisms to counteract toxic metals safely with no toxicity symptoms. The principle buddies in this process 

are the phytochelatins and metallothioneins which chelate metals by forming complex with them, which is 

followed by freeing the sensitive sites from polluting metals or vacuolar sequestration of ligand-metal complex. 

Phytoremediation is a promising approach that can be utilized for contaminant remediation from impacted sites 

with some limitations. Therefore, attention has been given to develop modern biological and genetic engineering 

strategies to increase plant detoxification capabilities 

Keywords: Phytoremediation; hyper-accumulators; metal toxicity; phytochelatins; metallothioneins; microbes 

 

Introduction 

Heavy metal is a term referring to an element with metallic properties and a proton number higher than 20. The 

most widespread metal pollutants comprise Hg, Pb, Cd, Cr, Cu, and Zn. These metals could be categorized into 

micronutrients required in too small quantities like Cr, Co, Cu, Fe, Mn, Ni, and Zn, functioning in (a) redox-

processes, (b) molecular stabilization through electrostatic interactions, (c) enzymatic activators, and (d) 

osmoregulators (Bruins et al., 2000).  
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Others are non-essential without specific action, like Hg, Pb, Cd, and Pu (Gaur &Adholeya, 2004; Kumar et al., 

2013). Soil and water pollution occur naturally and from anthropogenic sources (Khalid et al., 2017). The major 

natural sources include weathering, erosion and volcanic activity, whereas of anthropogenic sources comprise 

metal-rich mine tailing, smelting, use of agricultural pesticides and fertilizers, sludge wastes, factories effluents, 

and atmospheric precipitation (Wuana&Okieimen, 2011).  It gets entrance to the body through food, water, air, 

and touch with the skin causing serious ailments to all life forms (Saad-Allah &Elhaak, 2017). Arsenate is 

considered as a principle source of drinking water contamination. It causes cancer of skin, lung, urinary bladder 

and prostate (Martinez et al., 2011). Also, lead is of great concern that causes tissue and organ injuries in 

children and nerve damage in adults (Sanders et al., 2009). In addition, long-term exposure to cadmium can 

cause liver, kidney and bone damage (Zhang et al., 2008), inhibition of progesterone and estradiol (Massanyi et 

al., 2007), and act as estrogen in breast cancer (Brama et al., 2007). Also, mercury can cause dyspnea, fever, 

tremble, weariness, motor neuropathy, gum disorders, illusions and delirium (Guzzi& La Porta, 2008). 

Numerous techniques are certainty used to expurgate the environment from these pollutants, however nearly all 

of them are expensive and irrelevant from optimal performance. The chemical technologies are costly and 

discharge great amount of wastes (Rakhshaee et al., 2009). Also, combining chemical and thermal techniques is 

technically complicated, expensive, and can result in impairing of some soil components (Hinchman et al., 

1996). Conventionally, soil remediation from metal pollution could be managed onsite or through excavation 

after disposal to a dump site (Tangahu et al., 2011). However, this elimination manner has the risk of 

transporting waste and contaminants from the dump sites to clean soil and the possibility of polluted soil transfer 

to another non-polluted site. Soil washing is an alternative way for excavation of contaminated soils. However,  

this technique requires a lot of expenses and can produce heavy metal-rich residues, that need further 

management. Moreover, remediation techniques prevent soil utilization in plant growth, due to the cessation of 

all biological processes (Gaur &Adholeya, 2004), along with groundwater contamination. 

Recently, different technologies concerning presence and mobility of inorganic pollutants in the soil, agricultural 

water and wastewater have been developed (Shtangeeva et al., 2004). Phytoremediation is a proficient, 

reasonable and practical choice for removal of contaminants from polluted soil. In the current review, we will 

discuss some fundamental topics in phytoremediation including various mechanisms, types, influencing factors, 

uptake, translocation and tolerance mechanisms. Modern biological and genetic engineering approaches are also 

highlighted.  

Phytoremediation concept 

Phytoremediation is the utilization of plants and rhizospheric microorganisms, agronomic strategies, and soil 

amendments in eradication or detoxifying harmful environmental contaminants (Ouyang, 2002). The concept of 

phytoremediation was proposed by IlyaRaskin in 1994, which comes from two suffixes, the Greek phyto 

(meaning plant) and the Latin remedium (meaning able to cure or restore) (Vamerali et al., 2010). The most 

useful target of phytoremediation is its application in removing many classes of soil pollutants including heavy 

metals, radionuclide, petroleum hydrocarbons, chlorinated organic compounds, pesticides, explosives, etc 

(Yang, 2008). Plants to be used in phytoremediation, should fulfill four main requirements: a) fast-growing and 

large biomass producing, b) ability to develop deep roots, c) easily harvestable d) high ability to accumulate 

metals in their shoots (Schnoor, 1997). The idea of utilizing green plants for heavy metal remediation gains the 

public acceptance because green remediation of hazardous metals and metalloids is the best alternative for 

physical and chemical remediation strategies (Ali et al., 2013). Additionally, phytoremediation is considered as 

an inexpensive prospect for recovering soils from heavy-metals pollution, principally if the produced biomass is 
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used for economic purposes like biodiesel production. Both advantages and disadvantages of phytoremediation 

are presented in Table 1. 

Table 1. Advantages and disadvantages of phytoremediation approach 

Advantages of phytoremediation Disadvantages of phytoremediation 

1. Inexpensive and aesthetically 

attractive. 

2. Exhibit an ability to reduce soil 

erosion and metals leaching into the 

soil.  

3. The yielded biomass can be used in 

regeneration of remediated metals. 

4. This green remediation technology has 

a wide range of applicability in terms 

of toxic heavy metals. 

5. Eco-friendly technique. 

6. Has an ability to eliminate secondary 

toxic materials from water, soil, and 

air.  

7. Enhanced public and regulatory 

authority (Glass, 1999; Hosh & Singh, 

2005). 

1. The prolonged time required for remediation 

process. 

2. Limited growth rate and low biomass production 

of hyperaccumulator used in phytoextraction 

process. 

3. Accumulation capacity is much affected by 

environmental and biological factors. 

4. Indigenous flora diversity is potentially affected 

by hyperaccumulator invasion. 

5. More handling techniques concerning the 

accumulation of pollutants into food chain are 

required (Mahar et al., 2016). 

 

There are approximately 45 plant families (comprising about 500 plant species) that have been validated as 

metal hyperaccumulators. The most significant families comprise Brassicaceae, Euphorbiaceae, Compositae, 

Leguminosae, Labiatae, and Scrophulariaceae (Hosh& Singh, 2005). Hyperaccumulation potential is the 

function of plant species and metal type. In this concern, Thlaspicaerulescens is the most operative plant species 

for zinc, cadmium, and nickel (Mitch, 2002). In phytoremediation, bio-concentration and bio-translocation are 

the main two factors in identifying hyperaccumulator species. Bio-concentration is the metal ion concentration 

in plant tissue/soil ratioand bio-translocation factor is heavy metal ions in the shoot/the root ratio. About 0.2% of 

plants were classified as heavy metal accumulators (Sarma, 2011). However, hyperaccumulators with low 

biomass production face limitation in their use for bioremediation (Pence et al., 2000). Recently, various 

approaches have been directed to increase hyperaccumulators growth and biomass production using gene 

engineering tools.  Also, various microbes such as plant growth promoting bacteria (PGPR) and 

arbuscularmycorrhizal fungi (AMF) can be used as potential biological decontaminants of heavy metals. 

Phytoremediation mechanism 

The mechanism of phytoremediation essentially depends on the pollutant type, the bioavailability of the 

pollutant and soil properties (Cunningham & David, 1994; Laghlimi et al., 2015). 
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Plant metal uptake  

Metal bioavailability is essential for its uptake by plants. Roots struggle with soil cation/anion exchange sites for 

ions. Particularlyin clay soils which have high organic matter content, metal bioavailability is low (Ross, 1994). 

Root activity in the rhizosphere critically affects metal bioavailability to plants (Hinsinger et al., 2005). 

Additionally, the mechanisms of metal absorption by roots are more complicated. Metal absorption process 

involves transmittance of metals from the soil solution to the root surface interface, and then diffusion across the 

cell membrane of root cells. Metal movement through cellular membranes is mainly affected by its charge and 

valence. Hence, metals and ions passage across cells must be mediated by specific proteins which are known as 

transporters. Such proteins possess frontiers by which ions connect immediately before their transport, and a 

transmembrane adherence structure that binds extracellular and intracellular media. The ion uptake can be 

motivated by the electrochemical gradient across the plasma membrane of the recipient cell, but the transport 

energetics are not yet fully comprehended (Maser et al., 2001). 

Factors affecting heavy metal bioavailability 

There are many factors that affect metal bioavailability like soil reaction (pH), soil organic matter, root exudates, 

soil redox potential, soil texture, plant species, and properties of the heavy metal. These factors may affect the 

metal ion release into the soil solution or plant uptake ability in soil (Figure 1). 

 

Figure 1. Diagram of factors affecting heavy metal bioavailability. 

Soil properties 

Soil pH 

Soil pH affects metal solubility and availability to the plant as plants uptake metals in ionic form which is 

affected by medium pH (Dzantor& Beauchamp, 2002). At certain pH value, heavy metals are divided into two 

groups: Cd, Ni, and Zn which shows comparatively high mobility, and Cu, Cr, and Pb which exhibits low 

mobility (Yoon et al., 2015). At low pH, heavy metal adsorption decrease resulting in high metalconcentration in 

the soil solution. Increasing hydrogen activity at low pH causes heavy metals displacement from exchangeable 

sites on solid surfaces increasing their concentration. Metal availability for plant uptake is a natural consequence 
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for increased metal concentration. The lower pH values have reported to increase the bioavailability of many 

cations like cadmium, copper, mercury, lead, and zinc (Sheoran et al., 2016). 

Soil Organic Matter 

Trace metals behavior in the soil is found to be affected by organic matter. Organic matter in the soil results in 

metal-organic complexation leading to decreasing metals phytotoxicity (Gupta &Sinha, 2007). Soil content of 

organic carbon effectively controls its bioavailability. The high content of organic carbon (>5%) results in low 

availability of the metal due to strong adsorption, whereas moderate concentrations of organic carbon (1–5%) 

could limit metal availability (Otten et al., 1997). Thus, soils rich in organic substances help reduce heavy metals 

absorption by plants, but low concentration of organic carbon in soils make plants more vulnerable to 

contamination with heavy metals. 

Root exudates 

The root zone is of pivotal importance in phytoremediation. Plant root activities result in increasing metal 

solubility and uptake, and changing heavy metal characteristics through acidification/alkalinization, alteration of 

the reduction-oxidation potential, secretion of metal chelators and organic ligands (Jones et al., 2004). 

Consequently, plant root can take up contaminants and accumulate/metabolize it within the target tissue. 

Another phytoremediation mechanism of pollutants could be achieved by enzymes exuded into the root zone 

resulting in their degradation (Merkl et al., 2005). Uptake of heavy metals by these proteins is maintained by 

their conversion and chemical speciation in soils (Mallmann et al., 2014; Laghlimi et al., 2015). Root properties 

are considerably affected by a wide range of environmental conditions including temperature, drought, 

precipitation and soil moisture that control growth rate and root length (Mccormack&Guo, 2014). Hence, the 

root zone properties and composition analysis of enzyme exudates can be the best screening technologies for 

better identification of hyper-accumulator plant species. 

Redox potential 

Redox is an abbreviation for the term “reduction-oxidation reaction”, the processes control the electrons flow 

from a reducing agent to an oxidizing one. Soil Redox reactions are affected by the aqueous free electron 

activity, pE, which can also be expressed in terms of Eh, the redox potential (Sposito, 1983). Redox potentials 

were reported to be high in dry, well-aerated soils, but it has been reported to be low in waterlogged and rich 

organic matter soils (Evans, 1989). These redox reactions eliminate metal toxicity by decreasing their mobility 

or through converting them into less toxic or inert forms (Alkorta et al., 2004). 

Soil texture 

The texture is a term referring to the particle size, distribution, and content of fine particles like oxides and clay 

in the soil (Sherene, 2010). Qian et al (1996) studied the impact of soil texture on some metals concentrations 

like lead and copper and reported that these metals are more concentrated in the clay fraction. Additionally, 

moderate amounts of available lead and copper were detected in the fine sand fraction, and the clay fraction 

showed high amounts of available lead. Qian and his coworkers attributed that organic matter, Fe–Mn oxides 

and sulphides, beside the high surface area and elevated concentration of minerals in the clay, are the main 
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causes of heavy metals accumulation in the clay fraction. They suggested that heavy metals are heavily 

accumulated in the clay as a result of their adsorption on the clay minerals or their sorption within the clay 

lattice. The ease with lead to be extracted from the clay was attributed to adsorption of high amounts of lead on 

the clay particles. Meanwhile, high amount of lead is found to be more extractable from sand fractions as a result 

of the low binding force with sand particles (Qian et al., 1996). 

Plant species 

The capability of the plant to accumulate heavy metals differs significantly among plant species. These 

differences in metal accumulation capacity among plant species could be attributed to the differences in: a) root 

architecture; b) water use efficiency; c) rhizosphere chemistry; d) affinity of root surface transporter proteins to 

metals; e) xylem capacity for metals loading and translocation within the plant (Hamon& McLaughlin, 2003). 

The recognition of appropriate hyperaccumulator species producing large biomass is the main challenge in 

phytoextraction technique success (Kumar et al., 2018). In addition, phytoremediation depends upon 

hyperaccumulator species accumulating contaminants (Lorestani et al., 2011). Plant/cultivar species undergoing 

hyper-accumulation via utilization of cultivar specific established crop production and management practises, 

can produce high biomass yields (Rodriguez et al., 2005). Therefore, a zone -specific cropping system exhibiting 

the highest capacity for heavy metals accumulation should be highlighted. 

Heavy Metal Properties 

The chemical structure of the metal is the main factor affecting its mobility, bioavailability, and toxicity (Fuentes 

et al., 2004). The major mobile heavy elements comprise cadmium, zinc, and molybedinum, whereas the least 

mobile are chromium, nickel and lead (Fijakowski et al., 2012). Some heavy metals in the solid phase were 

found in soils amended with organic matter, these metals can replace primary and secondary minerals in the soil 

(Pichtel& Anderson, 1997). 

Vacuolar sequestration  

As metabolic activities occur in cellular sap and other compartments, these sites have to be freed from the toxic 

metals. Therefore,  the plant cell central vacuole is found to be the most proper compartment for the storage of 

ions (Marschner, 2011). Through transporter protein family members, principally ZIP (zinc/iron-regulated 

transporters), heavy metals enter the cytosol and stimulate phytochelatin synthase (PCS) that catalyzes 

phytochelatins (PCs) synthesis from glutathione. Phytochelatin-heavy metal complexes are driven to the vacuole 

via tonoplast-localized ATP-binding-cassette (ABC) transporters. Heavy metals are also sequestered in the 

vacuole by tonoplast-localized cation/proton antiporters which direct exchanges of the HMs with protons. In the 

vacuole, heavy metals may access the vacuole by means of direct exchange mechanism of different heavy metal-

protons exchanger transporters like metal tolerance proteins (MTPs) and natural resistance-associated 

macrophage-proteins (NRAMPs). These transporter proteins reside in the tonoplast and control metal ions 

passage to be remobilized or compartmentized (Yang & Chu, 2011). 
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Metal translocation to shoots and shoot metabolism 

The root to shoot movement of metals is achieved by many types of proteins. Once metals are absorbed via plant 

roots, they are transported to the aerial parts through xylem in the form of complexes with various chelators 

(Migeon et al., 2010). Organic acids (e.g., malate and citrate) and different amino acid derivatives (e.g., 

nicotinamide (NA) and histidine) are chelators of copper, nickel, and iron in the xylem (Marschner, 2011). In 

shoots, metals overload may cause oxidative stress injuring the exposed cells through the substitution of major 

ions in many molecules like chlorophyll, proteins and nucleic acids. Photosynthetic machinery is mainly 

sensitive to heavy metal toxicity. The redox active metals (Cu) and non-redox active metals (Cd and Zn) both 

can cause oxidative damage. Plants have natural antioxidative defense systems that protect the cells from this 

damage, these systems are based on reduced metabolites like glutathione (GSH) and antioxidant enzymes like 

peroxidase and catalase that regulates the redox state. GSH is an essential molecule that is synthesized from 

Glutamate, Cystine, and Glycine through the activity of glutamyl cysteine synthetase and GSH synthetase. 

Glutathione is a precursor of phytochelatins. It can bind to metals and metalloids, and scavenge reactive oxygen 

species (ROS) induced by heavy metals and maintains redox homeostasis for metabolism, signal transduction, 

and gene expression (Foyer &Noctor, 2005). 

Phytochelatins 

Phytochelatins (PCs) are low molecular weight cysteine-rich metal-binding peptides whose synthesis is induced 

by heavy metals. PCs are synthesized non-translationally from glutathione by the activity of phytochelatin 

synthase forming (γ-EC) nG molecules (where N=2–11). Many heavy metals are reported to activate PC 

synthase to produce PCs (Cobbett, 2000). Although PC-synthase activity has been detected many years ago, the 

gene responsible for its synthesis remained vague till Vatamaniuk and his co-workers identified AtPCS1 gene in 

Arabidopsis (Vatamaniuk et al., 1999). The activity of AtPCS1 resulted in an increased accumulation of 

cadmium, suggesting that AtPCS1 plays a role in cadmium chelation and/or sequestration (Vatamaniuk et al., 

1999). Phytochelatins (PC) role in the homeostasis of essential metal was reported by (Tennstedt et al., 2009). 

The cad1-3 (a PC-deficient mutant of Arabidopsis thaliana) and cad1-6 (a newly isolated second strong allele) in 

context to zinc homeostasis were studied. It was found that zinc accumulation in the root was significantly 

lowered in the PC-deficient mutants. Expression of AsPCS1 and YCF1 in Arabidopsis resulted in increased 

tolerance to cadmium and arsenate than corresponding wild-type and individual-gene transgenic lines (Guo et 

al., 2012). These genes implicated the chelation of heavy metals via thiols and vacuolar compartmentalization. 

Translocation and access of metal ions into the plant cell are facilitated by overexpression of natural chelators 

(metallothioneins, and organic acids) (Guo et al., 2012). 

Metallothioneins 

Metallothioneins (MTs) are well-known low molecular weight proteins (5–10 kDa) rich in cysteine residue, and 

common in plants, animals, fungi, and cyanobacteria. In plants, MTs are key players in metal tolerance or 

homeostasis, detoxification, and distribution via binding metal ions by forming mercaptide bonds (metal-sulfur 

bond) with various cysteine residues. In addition, scavenging of metal-induced ROS is found to be mediated 

with the aid of MTs (Hassinen et al., 2011). In addition, metallothionein metal complex can be glutathioned 

(Brouwer et al., 1993), implying that they can be transported into vacuoles for long-time sequestration.  
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Expression of plant metallothionein genes using reverse transcription polymerase chain reaction (RT-PCR) and 

in situ hybridization in a detailed study carried on Arabidopsis revealed distinct patterns for two genes, MT1a 

and MT2a (Garcia-Hernandez et al., 1998). Both genes were expressed in root maturation zones and leaf 

trichomes. However, the cells of vascular and mesophyll tissues only expressed MT1a. Kumar et al. (1995) 

correlated Cu tolerance in Arabidopsis ecotypes to the induction of MT2a through Cu treatment. Metallothionein 

genes have been cloned in many plant species. Cloning of human MT-2 gene into tobacco or oilseed rape plants 

resulted in Cd tolerance enhancement (Misra et al., 1989). Moreover, MT gene from pea was cloned in 

Arabidopsis thaliana and resulted in improved Cu accumulation (Evans et al., 1992). 

Phytoremediation types  

Five major processes are well recognized in phytoremediation. They comprise phytoextraction, 

phytostabilization, phytovolatilization, rhizofitration, and phytodegradation (Figure 2). Phytoremediation 

techniques, their mechanisms of heavy metal removal and selection of plant species are summarised in Table 2. 

 

 

Figure 2. Diagram of phytoremediation types. 

Phytoextraction 

Phytoextraction, also named phytoaccumulation, phytoabsorption or phytosequestration, is the absorption of 

contaminants from soil or water via plant roots and their mobility and accumulation in aboveground tissues, that 

simply burned after harvesting for energy production and possible restoration of the metal from the ash (Rafati et 

al., 2011). The metal-accumulating plants can be sown or transferred into soils heavily contaminated with these 

metals and then cultivated with traditional agricultural practices. Salt et al (Salt et al., 1995) reported that the 
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costs of phytoextraction would be ten-folds lower than usual remediation techniques. Phytoextraction had been 

assured a complete elimination of some contaminants like Pb, Cd, Ni, Cu, Cr, and V, from the soils. 

Nevertheless, its application is limited to low or moderately metal contaminated sites due to restricted plant 

growth in heavily contaminated sites (Padmavathiamma& Li, 2007). There are different methods by which 

efficacious phytoextraction of heavy metals along with their accumulation in plant species have been achieved. 

These include biosynthesis of metal ligands/transporters, alternations in enzyme kinetics responsible for sulfur 

metabolism, variations in redox states leading to heavy metal formation, and synthesis of some products of 

primary metabolism such as intermediate moieties (Fasani et al., 2018). Plants used in phytoextraction should 

exhibit specific features like (a) fast rate of growth and high biomass content, (b) deep and highly branched root 

systems, (c) high adaptability to various growth sites, (d) simplicity of cultivation and growing (e) more or less 

inedible by animals to prevent accumulation of metals in food chain (Seth, 2012).  

Table 2. Examples of some plants that can be used for phytoremediation of heavy metals 

Metal  Plant  Process Remarks References 

As  Pterisvittata Phytoextraction P.vittata exhibits high capability 

for phytoextraction of As when 

treated with water-soluble 

chitosan. 

(Yang et al., 

2017a; Yang 

et al., 2017b) 

Cd Athyriumwardii Phytostabilization Athyriumwardii is a promising 

plant for Cd phytostabilization 

with a fast growth rate and large 

amount of biomass. 

(Zhang et al., 

2012) 

 

 

Pistiastratiotes L Rhizofiltration Pistiastratiotes L is effective 

for removing Cd from surface 

waters. 

(Das & 

Goswami, 

2014) 

Ni Typhadomingensis Phytostabilization T. domingensisis capable of 

surviving under Ni-

contaminated sites. 

T. domingensishas high ability 

to accumulate high levels of Hg. 

(Bonanno & 

Vymazal, 

2017) 

Arundodonax L Phytoextraction A. donax L. is considered as a 

great candidate for Ni 

phytoextraction. 

(Atma et al., 

2017) 

Mn Pistiastratiotes Rhizofiltration P. stratiotes has high 

accumulation 

potential.Therefore, this plant 

can be used successfully in 

rhizofiltration process. 

(Neuberg, 

2012) 

Pb Miscanthussinensis Phytostabilization 

 

It is suggested that 

M. sinensiscan be used in aided 

phytostabilization for Pb mine 

tailings. 

(Lee et al., 

2014) 

Plantago major L Phytostabilization P.majormajor is considered a 

bioaccumulator species for Pb 

(Romeh & 

Khamis, 
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and can be used as a 

bioindicator of pollution with 

lead. 

2016) 

Plectranthusamboinicus Rhizofiltration P. amboinicusis a promising 

plant for the clean-up of Pb-

contaminated waste water in 

combination with safe biomass 

disposal alternatives. 

(Ignatius et 

al., 2014) 

 

Zn Anthyllis vulnerary Phytoextraction A.vulnerary is used efficiently 

for phytoextraction of Zn after 

inoculation with R. 

metallidurans, a natural 

symbiont. 

(Grison et 

al., 2015) 

 

Cyperusalternifolius 

 

Phytostabilization C. alternifolius has the potential 

for use in phytoremediation of 

Zn-contaminated wetlands. 

(Yang et al., 

2017a; Yang 

et al., 2017b) 

Cu Oenotheraglazioviana Phytostabilization O. glazioviana has great 

potential for the 

phytostabilization of copper-

contaminated soils and a high 

commercial value without risk 

to human health. 

(Guo et al., 

2014) 

Cr Tradescantiapallida Phytoextraction T. pallida is considered as an 

excellent candidate for 

continuous removal of Cr(VI) 

from contaminated water. 

(Sinha et al., 

2016) 

Co Helianthus annuus Phytoextraction Sunflower roots show high 

potential for Co phytoextraction 

(Lotfy & 

Mostafa, 

2018) 

Al Solanumnigrum phytoextraction S. nigrum can accumulate Al in 

its organs to an extent higher 

than that of the polluted soil. 

(Saad-Allah 

&Elhaak, 

2017) 

Hg Lepidiumsativum L. 

 

Phytoextraction LepidiumsativumL. is used as 

Hg extractant.  

(Smolinska 

& Rowe, 

2015) 

Phragmitessustralis 

 

Rhizofiltration 

 

P. australis is a promising 

species used to remediate Hg-

contaminated wetlands. 

(Bonanno & 

Vymazal, 

2017) 

hytoextraction could be linked with income making processes like forestry and bioenergy production (Van 

Ginneken et al., 2007). For example, castor bean is reported to accumulate Cd (Melo et al., 2009) and Pb 

(Romeiro et al., 2016). Phytoextraction of cadmium by carambola tree is an ideal solution for soils 

decontamination from Cd as it has proven that  50% of Cd could be extracted throughout 13 years in a slightly 

contaminated soil with Cd (Li et al., 2009). In this respect, jatropha tree used in energy production must be 

explored for its possible use in phytoextraction process.  

https://www.sciencedirect.com/topics/immunology-and-microbiology/lepidium-sativum
https://www.sciencedirect.com/topics/immunology-and-microbiology/lepidium-sativum
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Phytostabilization 

Phytostabilization, also recognized as phytoimmobilization, is the use of specific plants in stabilizing heavy 

metals in polluted soils (Singh, 2012). This technique could be applied in regulating the transformation of metal-

pollutants into a stable form, either organic or inorganic, lowering their risks to the environment. The main goals 

of this process are to (a) decrease the leaked water amount into the soil, which could form harmful leachate, (b) 

form barrier preventing direct contact with the polluted soil and (c) avoid soil erosion and dispersion of the 

heavy metals to other sites (Ensley, 2000). Plants used in phytostabilization are characterized by slow 

translocation rate of the contaminants from the root to the aerial parts, fast growing, having developed root 

systems and large shoot system, and must be tolerant to environmental and biological stresses (Ismail, 2012). In 

this context, willow species showed high capacity towards phytostabilization of soils contaminated with heavy 

metals (Tack et al., 2005). Some metals like cadmium and zinc, are reported to be accumulated mainly in roots. 

However, their occurrence in the shoots increased following the increase of their concentration (Soudek et al., 

2012). In addition, Agrostis species and Festuca species are considered as the most popular plants utilized for the 

phytostabilization of soils contaminated with Cu, Zn and Pb in European countries (Mahar et al., 2016). Bare 

sites as a result of high metal contamination levels could be reclaimed using phytostabilization. Once a 

community of tolerant plant has been established, the soil becomes stable and coherent and resists the spread of 

the pollutant metals, and the leakage of the contaminants into the soil. Phytostabilization is a convenient 

approach because throwing away of contaminated biomass is not required, and it is very useful in preserving 

ground and surface waters (Wuana&Okieimen, 2011). 

Phytovolatilization 

Phytovolatilization could be recognized as the absorption of contaminants from the soil, transforming them into 

volatile forms and their transpiration into the atmosphere (Jadia&Fulekar, 2009). Phytovolatilization has been 

applied with some contaminants as mercury; volatile inorganic chemicals as selenium and arsenate; along with 

volatile organic compounds e.g., trichloroethene. Phytovolatilization has a feature of releasing toxic pollutant 

into the atmosphere after transforming them into less toxic forms. However, precipitation may cause the 

redeposition of the polluting substances again in aquatic systems (Nikolic&Stevovic, 2015). Some organic 

volatile compounds like 1,4-dioxane have been found to effectively removed by phytovolatilization (Ferro et al., 

2013). Genetically modified plants like Arabidopsis thaliana, Nicotianatabacum, and Liriodendron tulipifera 

have been accounted to be used in mercury phytovolatilization from polluted soils (Ali et al., 2013). These plants 

are cloned with a gene called mercuric reductase “merA”. Another bacterial gene called organomercuriallyase 

(merB) was reported to be used in methyl-mercury detoxification. Though both genes can be used for mercury 

detoxification, merB cloned plants are safer as this gene prevents the incorporation of methyl-mercury into the 

food chain. Phytovolatilization could be applied for selenium detoxification through the assimilation of metallic 

selenium into organic seleno-amino acids (seleno-cysteine and seleno-methionine). Seleno-methionine is further 

biomethylated to dimethylselenide which is lost in the atmosphere via volatilization (Terry et al., 2000). 

Effeciency of Selenium phytovolatilization is more efficient especially when Brassica species are used 

(Banuelos et al., 1997).  

There are different mechanisms by which plant root systems participate successfully in the phytovolatilisation of 

toxic metals such as  1) a lower water table, 2) advection with gas fluxes because of alternations in diel water 

tables, 3) high soil permeability, 4) hydraulic chemical redistribution, 5) advection of VOCs with water toward 
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the surface, and 6) interception of rainfall that would otherwise infiltrate the soil causing VOCs to be diluted and 

withdrawn away from surface (Limmer&Burken, 2016). 

Rhizofiltration 

Rhizofiltration is the use of plants in absorption, concentration, and deposition of contaminants from aqueous 

sources in their roots (Schwitzguebel, 2002). Rhizofiltration could be used mainly in the purification of 

wastewater, extracted groundwater, and surface water containing lower concentrations of contaminants. The 

ideal plant species for rhizofiltration should have deep and highly branched roots possessing high ability to 

absorb toxic metals from solution throughout a long time. These plants should also be characterized by intensive 

biomass production (1.5 kg/ month. m2 of water surface) (Dushenkov et al., 2002). During rhizofiltration, the 

plant roots take up contaminant and relay it into other plant parts, according to the contaminant type, its 

concentration, and the plant species. Rhizofiltration is achieved by the help of specific compounds synthesized 

inside the roots, that drive heavy metals to be accumulated in the plant body. The adsorption of contaminants on 

the root surfaces is attributed to root secretions and soil pH (Krishna et al., 2012). The widely used plant species 

in rhizofiltration include the Indian mustard, sunflower, and maize (Brooks & Robinson, 1998). After metal 

rhizoextraction from the polluted sites, the used plants can be used for many purposes like energy production 

and metal chemical extraction of Ni, Cu, and Au (Verma et al., 2007;  Kathi, 2015). 

Phytodegradation 

Phytodegradation, also known as phytotransformation, is the involvement of plant metabolic processes in the 

internal or external breakdown of organic contaminants. In other words, the involvement of specific metabolic 

processes in the hydrolysis of organic compounds into simpler forms that can be easily absorbed by the plant 

(Suresh &Ravishankar, 2004). Some plant enzymes like peroxidase, nitroreductase, laccase, nitrilase, and 

dehalogenase are involved in the degradation of pollutants (Morikawa&Erkin, 2003). 

Plants used in phytodegradation must be characterized by (a) highly branched roots for secreting a significant 

amount of enzymes, (b) tolerance to high pollutants levels, (c) fast growth rate, and (d) a relatively high biomass 

content (Wang & Chen, 2007). The microbes present in the root medium could enhance organic pollutants 

degradation in the soil. In the same time, secretion of exudates like carbohydrates, amino acids, and flavonoids 

by root surface could motivate microbial activity 10–100 folds, compared to the activity in bulk soils (Ali et al., 

2013). Phytodegradation is more specific to organic pollutants because heavy metals have non-biodegradable 

nature. Recent studies are more concentrated on phytodegradation of many organic pollutants such as herbicides 

and insecticides.  

Role of transgenic plants in phytoremediation  

As the phytoremediation of pollutants is a slow process and accumulation of toxic metabolites also leads to the 

cycling of these metabolites into the food chain. From the last few decades, experiments has been carried out to 

develop transgenic plants to overcome the inbuilt constraints of plant detoxification capabilities. Transgenic 

technology has been developed to enhance metal uptake, transport, and accumulation as well as plant tolerance 

capacity to abiotic stresses (Kärenlampi et al., 2000). Genetic engineering technology has successfully exploited 

in altering the biological functions of plants via modifications of primary and secondary metabolism and by 

developing new phenotypic and genotypic traits in order to comprehend and improve their phytoremediation 
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properties (Fasani et al., 2018). Heavy metals were the first contaminants to be remediated by transgenic plants 

using tobacco plant which expressed a metallothionein gene to create higher tolerance for cadmium and 

Arabidopsis thaliana plant which overexpressed a reductase gene mercuric ion for better Hg tolerance ( Misra et 

al., 1989). Similarly, transgenic A. thaliana plants expressing SRSIp/ArsC and ACT 2p/γ-ECS together showed 

high tolerance to As. These plants accumulated 4- to 17-fold greater fresh shoot weight and 2- to 3-fold more 

arsenic per gram of tissue than wild plants or transgenic plants expressing γ-ECS or ArsC alone ( Dhankher et 

al., 2002). Example of other genes that can be used for developing transgenic plants for metal tolerance and 

phytoremediation are shown in Table 3.Though, the risks of escaping genes from transgenic plants have been 

found negligible (Zhu et al., 1999). One of the possible risks associated with transgenic application is the 

biological transformation of metals into chemical species that are easily bioavailable. This will enhance 

exposure of various wildlife and human beings to toxic heavy metals. Another aspect of concern could be the 

uncontrolled distribution of transgenic plants owing to higher fitness of such plants in the particular climatic 

conditions and/or interbreeding with populations of wild relatives (Dhankher et al., 2002). Also, transgenic 

approach enhance exposure of humans and wildlife to metals through increased metal concentration in plant 

edible parts, or volatilization. These risks have to be assessed and weighed not only against the benefits of the 

technique, but also against the non-targeted risks. Undoubtedly, the plants to be employed for  

Table 3. Some transgenic plants used in phytoremediation of heavy metals  

Gene Source Target plant 

species 

Heavy 

metals 

Effects  References 

RhlA, RhlB Pseudomonas 

aeruginosa 

Nicotianataba

cum 

Al Increased Al tolerance. (Brichkova 

et al., 2007) 

As(III) vacuolar 

antiporter ACR3 

Pterisvittata Arabidopsis 

thaliana 

As Increase As tolerance 

and translocation to the 

shoot. 

(Chen et 

al., 2013) 

PgIREG1 Psychotriagabri

ellae 

Arabidopsis 

thaliana 

Ni Ni tolerance and 

accumulation. 

(Merlot et 

al., 2014) 

Selenocysteinelyase Musmusculus Arabidopsis 

thaliana 

Se Enhanced Se tolerance. (Pilon et 

al., 2003) 

MerA, MerB Gram-negative 

bacteria 

Arabidopsis 

thaliana 

Hg Improved Hg tolerance (Seth, 

2012) 

IlMT2b Iris lactea var. 

chinensis 

Arabidopsis 

thaliana 

Cu Increased Cu 

concentration and 

reduced H2O. 

(Deng, 

2015) 

OsMT2c Oryza sativa L. Improved tolerance to 

Cu stress and increased 

ROS scavenging ability. 

(Liu et al., 

2015b) 

GshI Escherichia coli Populustremu

la P. alba 

Cd Enhanced Cd uptake and 

accumulation in aerial 

parts. Reduced 

concentrations of O2, 

and H2O2. 

(He et al., 

2014) 

SpMTl Sedum Sedum Elevated SpMTL (Peng et al., 
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plumbizincicola plumbizincico

la 

transcript level might 

contribute to the trait of 

Cd hyperaccumulation 

and hypertolerance. 

2017) 

γ-Glutamyl-cysteine 

synthetase glutathione 

synthetase GCS-GS 

operon 

Streptococcus 

thermophilus 

Beta vulgaris S.thermophilus enhanced 

Cd tolerance compared 

with wild types. 

(Liu et al., 

2015a) 

Glutathione 

synthetase 1 

Escherichia coli Brassica 

juncea 

Zn Enhanced Zn tolerance 

and accumulation. 

(Bennett et 

al., 2000) 

AtZIP1, AtMTP1 Arabidopsis 

thaliana 

Manihotescul

enta 

Higher Zn accumulation. (Schachtma

n, 2015) 

phytoremediation, should not go through the food/feed chain. Meanwhile, sterile cultivars can be utilized for 

transformation to prevent inadvertent dispersion of the transgene. Modern technologies tend to focus on 

developing maker-genes free transgenic plants (Yau&Jr, 2013), thus leading to more applicable genetically 

modified crops, and more tremendous opportunities for their use. 

Role of microbes in phytoremediation 

Phytoremediation can be potentially used in elimination of soil organic and inorganic pollutants and has been 

considered to be the most powerful technique as it inexpensive and more applicable compared with usual 

remediation methods. Nevertheless, expanding its application suffers from numerous problems, like lower 

biomass production, phytotoxicity, and volatilization of some contaminants during transpiration (Li et al., 2004). 

The solution to such problems lies in using microbe-assisted phytoremediation. Numerous earlier studies 

suggested that rhizosphere microorganisms could efficiently enhance phytoremediation efficacy (Gerhardt et al., 

2009). For example, arbuscularmycorrhizal fungi (AMF) and plant growth-promoting rhizobacteria (PGPR) 

were explored for their possible utilization in phytoremediation. These microorganisms improved plant growth 

rate, confined metals harmful effects, and increased trace elements uptake (Glick, 1995).  

PGPR and endophytic microbes possess the ability to reduce heavy metals stress on host plants through: (a) 

chelating heavy metals via the produced organic matters (Dobbelaere et al., 2003), (b) adjusting soil heavy 

metals content (Lebeau et al., 2008), (c) secretion of 1-amino-cyclopropane-1-carboxylate (ACC) deaminase by 

PGPR, which catalyze ACC (ethylene prerequisite) to α-ketobutyrate and ammonium (Glick, 2003), and (d)  

production of auxins that improve heavy metals bioavailability and uptake by the plant (Zaidi et al., 2006). 

Metal-resistant endophytes found in many metal-hyperaccumulatorplants, play an essential role during their 

endurance and growth in heavy metal-contaminated soils. Their stimulatory action occurs through different 

mechanisms as nitrogen fixation, solubilization of minerals, phytohormone and siderophore synthesis, use of 1-

aminocyclopropane-1-carboxylic acid as the only N source, and alteration of supplement components (Glick et 

al., 1999). Ma et al (2011) established that Alyssum serpyllifolium inoculated with Pseudomonas sp. A3R3 

markedly enhanced Ni content in the plant tissues. Additionally, Beolchini et al (2009) found that that zinc, 

copper, mercury and cadmium mobility had increased by 90% after the inoculation of iron/sulphur oxidizing and 

iron-reducing bacteria. They accredited this to synergistic metabolism and coupled action of both bacterial 

species. Examples of some PGPR and AMF that can be used in phytoremediation are shown in Table 4. 
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Table 4. Effects of some microbes against respective heavy metals in different plant species 

Microbe Target Plant 

species 

Heavy 

metal 

Effects  References 

  PGPR   

Pseudomonas 

fluorescens G10 and 

Microbacterium sp. 

G16 

Brassica napus Pb Enhanced Pb uptake from Pb-

amended soils.  

(Sheng et 

al., 2008) 

Azotobactorchroococu

m and Rhizobium 

leguminosarum 

Zea mays L. Increased Pb accumulation. (Hadi & 

Bano, 2010) 

Bacillus thuringiensis 

GDB-1 

Alnus firma As Enhanced As accumulation. (Babu et al., 

2013) 

Rhodococcuserythropol

is NSX2 

Sedum 

plumbizincicola 

Cd Improved plant growth and Cd 

uptake. 

(Liu et al., 

2015c) 

Polygonumpubescens Brassica napus Cd, Pb 

and Zn 

Enhanced Cd, Pb, and Zn 

tolerance and accumulation. 

(Jing et al., 

2014) 

Pseudomonas veronii S. alfredii Zn Enhanced plant growth and Zn 

tolerance. 

(Long et al., 

2013) 

acillusthuringiensis 002

, Bacillus 

fortis 162, Bacillus 

subtilis 174, 

and Bacillus 

farraginis 354 

Althea rosea Ni Enhanced Ni accumulation. (Khan et al., 

2017) 

  AMF   

Gigaspora, Glomus, Sc

utellosporaand Acaulos

pora species 

22 different 

pioneering plant 

species from 11 

families. The 

most common 

species were in 

the 

familiesFabaceae

, Asteraceae and 

Poaceae 

Cd The majority of the pioneer 

species presented high 

mycorrhization levels and 

showed Cd stabilization. 

(Carrillo-

gonz & 

Guti, 2009) 

Glomusintraradices, 

Glomusetunicatum, and 

Glomusclaroideum 

Agrostiscapillari

s 

As, Cu, 

Pb, and Zn 

A. capillaris inoculation helped 

the development of plants in the 

amended mine tailing substrate. 

Furthermore, it enhances P 

uptake, favoring the 

accumulation of proteins in the 

plant ś shoots and roots.  

(Neagoe, et 

al. 2014) 
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Claroideoglomusclaroi

deum 

Origanummajora

na L. 

Cd and Pb C. claroideum inoculation 

enhanced the removal of Cd and 

Pb from a contaminated area.  

(Hristozkov

a et al., 

2015) 

Funneliformismosseae,

 Glomusmosseae 

Festucaarundina

cea, Schedonoru

sarundinaceus 

Ni Inoculation with AMF enhanced 

Ni tolerance. 

(Shabani & 

Sabzalian, 

2016) 

Rhizophagusclarus Canavaliaensifor

mis 

Cu R. clarus inoculation along with 

grape bagasse vermicompost 

treatment improved the 

efficiency of the 

phytoremediation of Cu-

contaminated areas. 

(Almeida et 

al., 2015) 
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Abstract 

The present experiment was conducted to evaluate the effect of different nitrogen levels and mulch practice on 

days to physiological maturity, plant height, mean leaf area, mean weeds population, weeds fresh weight, weeds 

dry weight of maize at Agriculture Research Station Swabi, Khyber Pakhtunkhwa during summer 2019. The 

experiment was laid out in a randomized complete block design (RCBD) with three replicates.  Data was 

recorded on six quantitative traits i.e. days to physiological maturity, plant height, mean leaf area, mean weeds 

population, weeds fresh weight, weeds dry weight. Results indicated that Days to physiological maturity, plant 

height, mean leaf area, mean weeds population, weeds fresh weight, weeds dry weight was significantly altered 

due to applied treatment. The treatment nitrogen level (N4-150 g.) give high results for the Days to physiological 

maturity, plant height, mean leaf area, mean weeds population, weeds fresh weight, weeds dry weight as 

compared to other level of nitrogen, (N1-control), (N2-50g), (N3-100g), (N5-200g). And similarly organic mulch 

(crop residue) show high result for the Days to physiological maturity, plant height, mean leaf area, mean weeds 

population, weeds fresh weight, weeds dry weight as compared to inorganic mulch (plastic mulch). It was 

observed that the nitrogen level (N4-150g) valuable fertilizer and organic mulch show better result as compare to 

other nitrogen level and inorganic mulch. 

Keywords: Organic mulch; Maize; Nitrogen fertilizer 

 

Introduction 

Maize (Zea mays L.) belongs to Phocaea and is grown in both spring and summer seasons in Pakistan. It is 

among the high yielding crops and has great economic importance for the developing countries like Pakistan 

where human population is continuously increasing. In Pakistan, maize is the third important cereal crop after 

wheat and rice (PARC, 2007). The area under maize cultivation in Pakistan and Khyber Pakhtunkhwa Province 

was 935.1 K and 421.9 K ha, respectively with production of 3261.5 K tones and 752.2 K tones and the average 

grain yields of 3488 and 1135 kg ha-1 in Pakistan and Khyber Pakhtunkhwa, respectively (MINFAL, 2010). 

Khyber Pakhtunkhwa and Punjab contributes 68% and 30% of the total production, while Sindh and Balochistan 

contributes a very a small percentage i.e. 2-3% (Anonymous, 2010). 
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 Maize crop is planted more than 500,000 ha land area in high mountain and plains of Khyber Pakhtunkhwa but 

its production is much lower in these areas (Rahman et al., 2012).  Maize grains have great economic importance 

and are used for food, fodder, pharmaceutical and industrial purposes. Its grains contain starch, protein, fiber, oil 

and ash (Ahmad et al., 2007).     

The most evident and alarming issue of the current time, Global Climate Change is now arising as a major threat 

to the world food security as it has severely affected crop growth and development through various 

climatological events i.e. drought, flood, high temperature etc. maize crop is very sensitive to these hazards in its 

critical growth stagesResearchers are using various effective technologies to overcome these hazards. Among 

different technologies mulches i.e. organic mulches, are considered to have profitable role in combating these 

hazardous Rasoul Fakhari et al. (2018) 

Mulching is one of the simplest and most beneficial practices you can use in the garden. Mulch is simply a 

protective layer of material that is deposited on the ground. Mulches can be organic - such as blades of grass, 

straw, bark chips and other similar materials - or inorganic - such as stones, brick chips and plastic. Organic and 

inorganic mulches have many advantages.Mulching is one of the management practices aimed at increasing 

water conservation and effectively controlling weed infestation in field crops (Ram et al., 2013). Organic 

mulches perform additional functions, such as increasing soil organic matter content, improving biological 

activity (Zhao et al., 2012), improving soil structure, and improving soil quality. Increase in plant nutrients after 

decomposition (Depar et al., 2016). Alternative methods of weed control, such as mulching, are often used in 

place of herbicides. Mulching is a popular weed control method that has been used successfully in many 

countries (Amoghein, et al., 2013). Mulch has positive effects on soil and plants, that is, improves the soil 

environment, moderates its temperature (Anikwe et al., 2007), increases soil porosity (Shaxson et al. Barber, 

2016), optimizes the rate of water infiltration during heavy rains (Bu et al., 2013), controls runoff anderosion, 

suppresses weed growth and preserves soil moisture content (Depar et al., 2016).Depending on the type of mulch 

material used, mulching preserves soil water, reduce soil temperature and consequently promotes seedling 

establishment and increases the seedling survival under extreme conditions mainly by reducing the soil surface 

exposure to direct solar radiation (Murungu et al., 2011; Benigno et al., 2012; Woods et al., 2012). Mulches 

spread on soil surfaces lower average soil temperature during the hot season, thus keeping the temperature in the 

regular range during the growing season (Blazewicz-Wozniak, 2010). Another type or inorganic mulch is 

pebbles they do not rot and so are used on decorative flowerbeds. As they do not rot from year to year, it is 

difficult to add new plants as the pebbles must be moved. Therefore, it is burdensome to plant new crops, as the 

pebbles must be shifted and rearranged (Maggard et al., 2012).This is an important factor for the unstable mid-

range climate, in which the summer is typically short. Also, film mulching reduces the evaporation of moisture, 

making the soil cooler on hot days. Thus, the black plastic film allows plants to better grow in the heat, in the 

cold, and in times of drought. This film prevents the growth of weeds in the soil (Kasirajan&Ngouajio, 2012) 

Plastic film mulch, increased plant densities and chemical fertilizer input have been extensively used in intensive 

agricultural production areas (Bu et al., 2013;Liu et al., 2014).The mulching techniques had greater role for 

moisture conservation whereas N management had proven to improve soil fertility and crop production. 

However, research gap still exist to quantify their effects on maize crop stand and phonological occurrence. 

Therefore, the present field experiment was conducted to find out the effect of N management treatments under 

mulching practices in maize crop. 

Mineral nitrogen nutrition is one of the most significant factors with its influence on productivity and features of 

plants. Optimal nitrogen nutrition has an influence on a development of the root system and over ground biomass 

as well as on nutritive value of fruits (Glamočlija, 2004; Glamočlija et al., 2015; 2017; Đekić et al., 2014; 2015; 

Terzić et al., 2018; Božović et al., 2018a; 2018b). Fertilizer N applied to crop is subjected to many chances; a 
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portion of the N will remain in the soil, some may be lost to the air, surface water, and/or ground water (Jat et al., 

2013). The application of nitrogen in the quantities that surpass the needs of plants, leads to the increase of the 

level of nitrates in soil and their washing off into underground waters(Glamočlijaet al., 2015; 2017).  

        Keeping in view the above importance the objective of my study was planned to  

1. To find out anappropriate mulching technique for maize productivity. 

2. To find out optimum level of nitrogen for higher yield and yield components of maize. 

3. To find out the interactions among mulching practices and nitrogen levels.  

 

Materials and Methods 

Present experiment was conducted in the Agriculture Research Station, Swabi during summer, 2019. Some of the 

basic materials that are used with specialized methods during this experiment are discussed as follows; 

Materials 

Major material used during this experiment are; maize seed (Jalal), fertilizer (urea) as nitrogen source, 

(N1control), (N2.50g), (N3.100g), (N4.150g), (N5.200g), FYM, Organic mulch (crop residue) and Inorganic 

mulch (plastic). 

Methods 

 

Some basic methods followed during this experiment are as follows;  

 

Field Preparation 

 

In order to make the field suitable for the experimental process field was ploughed two times before the sowing. 

After proper ploughing the field was planked for proper leveling and to suppress the huge clods in order to 

ensure the equal supply of water and nutrients. 

 

 Layout 

 

As the field was properly leveled then RCBD design was constructed in the field. After layout designing 

different treatment i.e. various nitrogen levels and mulches were assigned to the specific plots in order to check 

the maize response toward these treatments. 

 

Sowing and data Collection 

 

After complete seed bed preparation sowing is done with seed planter, maintaining proper row to row and plant 

to plant distance. As the seeds were germinated, the 1st irrigation is applied to the field and then at various stages 

data is recorded for the below mentioned parameters.  
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Plant height (cm): Plant height for all the treatments in each replication were measured with the help of a 

measuring tape from the base to tip of the five randomly selected plants and then average plant height was 

calculated. 

 

Leaf area plant-1 (cm2): Leaf area plant-1 was calculated by measuring the length and width of all leaves of the 

five randomly selected plants from each plot and then average was worked out to calculate the leaf area plant-1 

by using the following formula: 

Leaf area plant-1 = Leaf length x leaf width x Correction Factor 

 

Weed biomass: Weed biomass was recorded with the help of tetrad. the tetrad was thrown randomly at three 

different places in each sub plots, and the weeds was harvested and averaged. 

Fresh weeds weight: After harvesting the weeds was cleaned from soil and weighted with the help of weight 

balance. 

Dry weeds weight: The weeds was dried in an own for 24 hours. And then weight with the help of weight 

balance.  

Days to physiological maturity: Days to maturity was obtained by observing the sub plot when it reached to 70 

% mature. The maturity is complete if the grain tip become black. 

Statistical data analysis 

The recorded data was arranged properly in excel and then after proper arrangement it was analyzed while using 

the Statistic 8.1 software. As the data was analyzed it was presented in the tables for convenience of readers.  

Results andDiscussion 

The current experiment was conducted in order to find out the effects of mulching and different nitrogen levels 

application over maize crop in district Swabi. The whole results are discussed in the tables below. 

 

Weeds population 

Data regarding weed population is presented in Table.1. Statistical analysis of the data indicated that weed 

population was none significantly affected by different mulching practices. According to the results more 

number of weeds (209.33g) was observed in M2 (organic mulching) while less number of weeds (193.33g) was 

noted in M1 (inorganic mulching). The possible reason for low weeding in plastic mulch may be the deficiency 

of photosynthesis due to the obstacle in sunlight. Our results are in line with Saeed et al. (2013) who also noted 

that plastic mulching reduces weed population. On the other hand, various N levels significantly affected weeds 

population in maize crop. According to data maximum number of weeds was noted in N1 (315.00g) followed by 

N2 (240.00g), N3 (178.33g) and N5 (171.67g) while less number of weeds was recorded in N4 (101.67g). 

Higher population of weeds in N1 may be due to the low competition for sunlight, water and air. Our results are 

in conformity with Blumenthal et al. (2008) who also noted that controlled treatments resulted in reduced weed 

population as compare to other N levels. 
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Weed fresh weight 

Data regarding weed fresh weight is presented in Table.1. Statistical analysis of the data indicated that weed 

fresh weight was none significantly affected by different mulching practices. According to the results maximum 

fresh weight (186.33g) was observed in M2 (organic mulching) while minimum fresh weight (144.00g) was 

noted in M1 (inorganic mulching). The possible reason for low weeding in plastic mulch may be the deficiency 

of photosynthesis due to the obstacle in sunlight. Our results are in line withAli et al. (2016) who also noted that 

plastic mulching reduces weed population. On the other hand, various N levels significantly affected weed fresh 

weight in maize crop. According to the data maximum fresh weight of weeds was noted in N5 (250.00g) 

followed by N4 (206.67g), N1 (144.17g) and N3 (140.83g) while lowest fresh weight of weeds was recorded in 

N2 (84.17g). Maximum fresh weight of weeds in N5 may be due the higher level of nitrogen. Our results are in 

conformity with Jiang et al. (2019) who also noted that higher N levels results in number weeds and weed 

biomass. 

 

Weed dry weight 

Data regarding weed dry weight is presented in Table.1. Statistical analysis of the data indicated that weed dry 

weight was none significantly affected by different mulching practices. According to the results maximum dry 

weight (17.2g) was observed in M2 (organic mulching) while minimum dry weight (16.433g) was noted in M1 

(inorganic mulching). The possible reason for low weeding in plastic mulch may be the deficiency of 

photosynthesis due to the obstacle in sunlight. Our results are in line with Zamir1 et al. (2014) who also noted 

that plastic mulching reduces weed population.  On the other hand, various N levels significantly affected weed 

dry weight in maize crop. According to the data maximum dry weight of weeds was noted in N5 (22.16g) 

followed by N4 (17.83g), N3 (17.08g) and N1 (15.16g) while lowest dry weight of weeds was recorded in N2 

(11.83g). Maximum dry weight of weeds in N5 may be due the higher level of nitrogen. Our results are in 

conformity with Hejazi et al. (2014) who also noted that higher N levels results in number weeds and weed 

biomass 

 

Days to maturity 

Data regarding days to maturity is presented in Table.2. Statistical analysis of the data indicated that Days to 

maturity was none significantly affected by different mulching practices. According to the results early maturity 

(87.067) was observed in M1 (inorganic mulching) while late maturity (85.33) was noted in M2 (organic 

mulching). The possible reason for late maturity in M2 may be the presence of more nutrients due plant residues. 

Our results are in line with Ampofo (2018) who also noted that organic mulching resulted in late maturity. On 

the other hand, various N levels significantly affected days to maturity in maize crop. According to the data early 

maturity (76.83) was observed in N1 followed by N3 (87.167), N2 and N5 (88.167) while late maturity was 

noted in N4 (90.66). late maturity in N4 may be due to the presence of more nitrogen Our results are in 

conformity with Shahzad et al (2015) who also noted that higher N levels results in late maturity in maize. 

Plant height 

Data regarding plant height is presented in Table 2. Statistical analysis of the data indicated that plant height was 

none significantly affected by different mulching practices. According to the results maximum plant height 

(506.7cm) was observed in M2 (organic mulching) while minimum plant height (470.3cm) was noted in M1 
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(inorganic mulching). The possible reason for the maximum plant height in M2 may be the presence of more 

nutrients due plant residues. Our results are in line with Zamir et al (2014) who also noted that organic mulching 

resulted in maximum plant height. On the other hand, various N levels significantly affected plant height in 

maize crop. 

According to the data maximum plant height (631.0cm) was observed in N4 followed by N2 (503.7cm), N5 

(487.88cm) and N3 (471.4cm) while minimum plant height was noted in N1 (347.4cm). Maximum plant height 

in N4 may be due to the higher levels of nitrogen.Results are in conformity with Šarčević et al. (2018)   who also 

noted that higher N levels results in tallest plants. 

 

Table1 weeds population, weeds fresh weight, weeds dry weight. 

 

Table 2 Days to maturity, plant height, leaf area 

Mulching Days to maturity Plant height Leaf area 

M1 87.1 a 470.3 a 1637.3 a 

M2   85.3 b 506.7 a 1689.3 a 

N Levels  

N1 76.8 b 347.7 c 966.7 b 

N2 88.2 a 503.9 ab 2176.7 a 

N3 87.2 a 471.4 bc 1860.0 a 

N4 90.3 a 631.0 a 1975.0 a 

N5 88.2 a 488.9 bc 1383.3 b 

Mean values of the same category followed by different letters are significant at P ≤ 0.05 level. 

 

Mean leaf area 

 

Data regarding mean leaf area is presented in Table.2. Statistical analysis of the data indicated that leaf area was 

none significantly affected by different mulching practices. According to the results maximum leaf area 

(1689.3m2) was observed in M2 (organic mulching) while minimum leaf area (1637.3m2) was noted in M1 

(inorganic mulching). The possible reason for the maximum leaf area in M2 may be the availability of organic 

and inorganic plant nutrients. Our results are in line with Abdullah et al(2016) who also noted that organic 

Mulching Weeds population Weeds fresh weight Dry weight 

 

M1 193.33 a 144.00 a 16.433 a 

M2 209.33 a 186.33 a 17.200 a 

N Levels  

N1 315.00 a 144.17 b 15.167 bc 

N2 240.00 ab 84.176 b 11.833 c 

N3 178.33 bc 140.83 b 17.083 b 

N4 101.67 c 206.67 a 17.833 ab 

N5 171.67 bc 250.00 a 22.167 a 
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mulching resulted in maximum leaf area. On the other hand, various N levels significantly affected mean leaf 

area in maize crop. According to the data maximum leaf area (2176.7m2) was observed in N2 followed by N4 

(1975.0m2), N3 (1860.0m2) and N5 (1383.3m2) while minimum leaf area was noted in N1 (966.7m2). The 

possible reason for maximum leaf area in N2 may be the availability of enough plant nutrients. Our results are in 

conformity with Šarčević et al. (2018) who also noted that various N levels significantly affected mean leaf area 

in maize crop. 

 

Conclusion 

 

Results revealed that mulch practice (organic and inorganic) have none significant effect on weeds population, 

weeds fresh weight, weeds dry weight, plant height, and mean leaf area. While mulch practice (organic and 

inorganic) significant effect on days to maturity 

Results revealed that application of different nitrogen levels have significant effect on weeds population, weeds 

fresh weight, weeds dry weight,maturity, plant height, and mean leaf area. Based on the results and consequences 

attained from this research work, it is determined that mulch practice has significant effect on days to maturity 

and showed maximum value (87.067) and minimum value (85.333).Application of different nitrogen levels 

showed minimum values for N1 (control), and maximum values for N4 (150 g).Application of nitrogen level N4 

(150 g) showed maximum values for weeds population, fresh weight, dry weight, days to maturity, plant height, 

mean leaf area. 
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