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ABSTRACT 

 
Due to fast increase of the worldwide population, the requirements for foods to meet nutritional demands has 

risen dramatically. To fulfill the standard requirements, this necessitates increased global plant and food 

security. Mulches are generally among the most effective ways for increasing agricultural output while also 

protecting plants from certain elements that have an impact on agricultural production and yield. There are many 

distinct forms of mulches, but plastic mulches are perhaps the greatest extensively used globally. Plastic 

mulches are made up of a thin or thick covering of water-resistant substance that is liberally dispersed across 

farming area to keep moisture from evaporating. Plastic mulches help to minimize land degradation and offer a 

protection against microorganisms in soil. They are highly effective in controlling weeds & can be applied for 

an extended period of duration These can indeed be made manually but machinery are frequently used. Due to 

Pakistan’s severe river water scarcity, which were estimated at 11% in 2004 and are anticipated to reach 31% by 

2025, it is imperative that certain solutions be implemented in attempt to reach peoples personal fundamental 

needs. Furthermore, to address the water shortage, additional holding facilities are essential. Mulches must be 

installed in appropriate opportunities to enhance output at the minimum cost. 

 

Keywords: Mulching; refractive mulching; plastic mulching; production quality; photo degradable: pest 

management. 
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1. INTRODUCTION  

 
With the fast expansion of the worldwide people, the 

need for foods to meet nutritional demands has risen 

dramatically [1,2,3]. Rising up the water use 

skillfulness without enhancing value of yield is a 

current destination in crop yield system. Therefore, 

much more capable and well-managed practice of 

water in workplace necessary to be the upper most 

precedence. The peoples of the country is doubling 

daily for which fewer yield of food grains is necessary  

for body process of the large  number of people. Even 

so, due to these explanations, natural capabilities (like 

soil and water) are being perpetually under pressure 

and demands an organized and fine spun access to 

enhance the fruitfulness of agricultural crops. In the 

light of the preceding, various queries originate in the 

mindset viz. How to accelerate the yield of agriculture 

without using the surplus fertilizers and chemicals? 

How to reduce the degradation of soils? How to 

maintain the moisture in the soil?  How to manage the 

weeds in our fields? How is the addition of nutrients 

to our soils? 

 

From the German word “molsch”  word mulch has 

been chosen which has meaning of soft to decay, that 

obviously cited to the gardener’s practice of husk and 

leaves as a scattered completely to the field as mulch 

[4]. A mulch is unnaturally scattered film of plant 

remainder or other material on the overhead of the 

soil. Mulching decreases the decay of soil by way of 

restricting the runoff, overcome the weed swarm and 

checks the water vaporization. Therefore, it assist for 

much retentiveness of soil wetness and assist in 

manage of temperature vacillate, accelerate physical, 

chemical as well as biological material possession of 

soil, as it addition of nutritious materials to the sand 

and finally increase the outcome of crops. Further 

more, described that mulching rise the outcomes by 

50-60 per cent over no mulching nether rain fed 

conditions [5]. 

 

Specialized persons adopt mulch as a performer of 

rising up the status of agricultural land by masking the 

soil layer by various types of goods. Betterment of the 

land physical environment add to improved plant 

yield [6,7,8]. Masking the land with mulch can 

contribute organic matter to land, cut down weed 

development, and get rid of eroding [7]. In landscape 

gardening, various types of integrated mulching are 

wide adopted to manage weeds and to amend plant 

health. 

 
Mulches by organic matter was practiced in oldster 

agriculture and there is a prolonged knowledge of 

lithic (stone) mulches too. More than a thousands 

years ago, including the Old and Modern Worlds, 

farmers practiced lithic material to mulches their dry 

land fields to deflect drought and to modify crop 

outcome. Stones, gravel, cinder including other lithic 

material has been practiced. The procedure not only 

over come vapour but also reduces wind eroding and 

above ground overflow from fields [9]. 

 

Late 1920s, the paper mulch (asphalt) has been 

broadly practised for the pineapple (Ananas comosus 

(L.) Merr.) out come in the Hawaiian dry land to 

manage unnecessary shrubs and to maintain soil 

wetness [10]. Proceeding of  the fresh movement was 

very express. Merely a couple of years from the 1
st
 

research of practicing paper as mulch the procedure 

was normally practiced in the area. The farmers 

practiced tarred paper concentrated with asphalt, that 

not permitted weed development, engrossed 

balminess in the field and vaporization from the soil 

decreased. The technique stipulate a huge rescue in 

turf labour and an important discount in the price of 

the pineapple yield in Hawaii [11]. The wide-ranging 

yield of pineapples deprived of the paper mulch 

novelty, using hand farming approaches, would have 

been unmanageable in an island of such a small 

inhabitants. Even though the record of mulching 

association to biological resources has been precise 

extended and valuable for plant yield, plastic 

mulching have extensively swapped them and are 

precise public training, e.g., in vegetables yield 

[12,13]. The practice of the plastics has 

melodramatically amplified and is yet increasing, 

particularly in China wherever it is assessed that the 

yearly practice of plastics for mulch is few 700000 t 

[14]. This review analyse the investigation on paper 

mulches as well as evaluates the opportunity for the 

practice of paper resources to resolve the difficulties 

of the huge usage of the plastics in agricultural sector 

as well as its state of affairs influence. Moreover, we 

again re-read the search arranged on different other 

mulch resources, in command to be capable to relate 

the benefits and drawbacks of dissimilar mulch 

resources and to measure their potency in substituting 

plastic. A perfect mulching would be construct of 

renewable resources, perishable, durable, porous to 

rain with irrigation water, overwhelm weed 

development, and have a valuable result on field 

temperature as well as moisture. Moreover, it must be 

profitable and effortlessly controllable, as well as 

insertion it in the land. 
 

2. DIFFERENT MULCHING MATERIALS 

IN AGRICULTURE 

 
In up-to-date crop yield quite a few ingredients may 

be recycled for mulching. Growers and horticulturists 

can pick out between crop scums, diverse varieties of 

plastics, perishable films or unlike types of paper 
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mulches covered or non-covered with plastic or 

perishable sheets. Effects of mulch category on crop 

growing can fluctuate due to diverse yield practices, 

growing circumstances, and crop classes [15]. 

Carbon-based mulch resources contain grain stubble, 

fresh-cut fodder or cover crops, new or old straws 

remains. In organic horticulture hay and straw are 

among the maximum broadly used carbon-based 

mulches. Shelter plant may be harvest to prime of life, 

automatically destroyed, and left over the soil 

overhead to make available an unmoved natural 

mulch for no-tillage planting. Leaf mold                    

(decayed tree leaves), manure, and older compost 

have been adopted too as non synthetic mulches, 

though their brittle quality may not deliver as 

effective a fence to unwanted shrubs sprouts as new 

resources. 

 

Carbon-based mulches overpower weeds in numerous 

ways. Initial, they restrict seed sprouting excitation by 

interrupting light, dropping soil temperature, and 

significantly diminishing day-night temperature 

variations. As a consequence, less weed seeds sprout 

underneath the straw than in exposed soil. Another, 

the mulch substantially hinders emergence of those 

unwanted plants that do sprout. If the mulch is thick 

ample to avert light from attaining the cornered 

sprouts, they ultimately die. 3
rd

, few covering 

materials,  like grain husk and fresh pieces forages 

like sorghum-sudangrass, issue natural materials that 

constrain unwanted plants sprout development for a 

number of weeks after use, a procedure famous as 

allelopathy. In conclusion, carbon-based straw can 

boost crop development and keenness contrary to 

unwanted plants by preserving soil wetness and 

controlling soil temperature. 
 

Husk and other biological mulches efficiently restrict 

appearance of unwanted herbs sprouting from seed, 

even though grasses and large-seeded broadleaf 

unwanted plants may have need of a superior 

broadness of material than small-seeded                       

broad-leafed unwanted plants, which have                        

other light-handed spermatophyte. Perennial                   

weeds rising from root-stocks, stalk, vessel, or other 

asexual propagates can enter supreme biological 

mulches. 
 

Weeds that have previously appeared at the case of 

mulch use should be sowed before scattering mulch; 

simply placing the carbon-based materials over 

recognize unwanted plants is fewer effective. At one 

time the unwanted plants breakdown through with the 

mulch, they will relish the same mulching welfare as 

the crop, and will mature energetically. 
 

Typically, any unwanted plants will ultimately arise 

over and done with an organic mulch. Strong-

growing, covering forming plants like squash, sweet 

potato, or snap bean frequently tint out these late 

evolving unwanted plants. In slower flourishing, 

fewer modest vegetables like carrot and onion, hand-

operate weeding or use of extra mulch may be 

obligatory to uphold acceptable unwanted plants 

management. 

 

2.1 Hay 

 
Hay is frequently recycled to protection horticultural 

crops, old straw is extra reasonable than grass and 

other resources. Hay is moderately simple to use in 

little measure plantings, and is typically helpful to soil 

texture and crop yield. A grass mulch of about 3–4 

inches broadness can: 

 

 Decrease appearance of unwanted plants 

sprouts 

 Make available habitation for useful creatures,  

 Permit air and rain to touch the soil 

 Preserve soil dampness 

 

Hay also has some noteworthy disadvantages, like: 

 

 Does not overwhelm maximum perennial 

weeds 

 Possibly will comprise weed seeds 

 May maintain the soil as well cold or wet, 

reduce speed of crop development or fruition 

 

2.2 Sidebar 

 
Straw from off farm bases is a disreputable basis for 

fresh and thoughtful weed classes on a farm, Grass 

that has been sliced as well late in its growth will 

transmit seeds of fodder kinds themselves even in 

arenas with decent weed managing organization. The 

cultivator should be attentive to the opportunity of 

herbicide remains, In addition to weed seeds. Round 

about special commands for optimum practice of 

straw mulch for weed management: 

 

 Cultivate and use on-farm straw if applied 

 Sow at the start of a hot shinny day, hold your 

fire 12-36 hours to lease pull up weeds expire, 

then extent mulch 

 Display soil nutrient levels, especially 

potassium 

 

2.3 Straw 

 
Straw, defined here as the stubbles and other remains 

left after cutting off a developed grain, is related to 

grass in quality, prospective for soil shield and 

humidity preservation, weed conquest, and 

http://eorganic.org/node/2594


 
 
 
 

Ilyas et al.; AJOAIR, 4(1): 492-499, 2021 

 
 

 
495 

 

submission procedures. Straw differs from hay in that 

it: 
 

 It has greater carbon > nitrogen (C:N ratio) 

 It can bring seeds of the grain crop himself 

 It is brighter coloured and extra reflective 
 

2.4 Chipped Brush, Wood Shavings, Bark 
 

This forest good mulches are supreme regularly 

practiced on perennial crops like berries and 

ornamental perennials. They have a habit of to be 

rougher and advanced compactness than others, 

require developed tonnage per acre to overpower 

weeds, and possibly will not be inexpensive for best 

larger scale submissions. Other characters consists of: 
 

 Great Carbon:Nitrogen ratio.  

 Comparatively long lived 

 Deliver micro-nutrients, calcium (Ca), and 

little quantities of N, P, and K. 
 

2.5 Sawdust 
 

Sawdust is chemically alike to other wood materials, 

but because it is so superbly divided, it has the 

pursuing drawbacks as a mulching material: 

 

 Have a habit of to mat down and keep soil 

showery and stuffy.  

 Might be fairly allelopathic against crops for a 

little time 

 Might be wash away by heavy rain on oblique 

arenas 

 

2.6 Compost 

 
A few cultivators practice compost as mulch. 

Compost is considerable extra operative and cheap to 

practice as an element in bagging mixes (at 10-50% of 

total volume), or as a soil alteration at 1-10 tons/ac to 

immunize the soil with valuable creatures, make 

available slow-release nutrients, and recover soil 

arrangement. The excess of P and K can good turn, 

the development of unwanted plants over crops in 

succeeding years. 

 

2.7 Manure 

 
It is not suggested as a mulch for unwanted plants 

managing. Numerous unwanted plants seeds 

authorization over and done with cattle 

gastrointestinal territories uninjured, willingly 

obtainable nutrients in the manure encourage weed 

growth. Moreover, uncomposted manure can not be 

functional to USDA proficient carbon-based 

vegetable crops within 90-120 days of fruitage, and 

smearing adequate manure to overpower weed 

seedling appearance from the earth is possible to 

make whole immoderations of soil P and K. 

 

2.8 Other Organic Residues 

 
Crop residuals—particularly resources such as cotton 

wool gin waste matter, rice husk, peanut husk, and 

buckwheat husk—could be accessible in amount in 

sure locations. Their aptitude to overwhelm weeds 

may fluctuate, dependent on consistency and maybe 

chemical assets. Attention should be reserved to evade 

crop remains that transmit crop infectious agent, 

unwanted shrubs seeds, or herbicide remains.  

 

3. DIFFERENT FORMS OF MULCHES 

AND IT’S SUITABILITY 

 
There are countless forms of mulch material like 

natural, petroleum, conventional, synthetic, artificial 

and biological mulches. But usually, they are 

categorized as biological mulch and nonliving mulch. 

Carbon-based mulches that are bring into being in 

nature and may be destroyed by soil microorganisms 

due to disintegration reaction while, non-living 

mulches are hand-made material or whatever similar a 

Rock that can not be destroyed by soil organisms. 

Carbon-based mulches more advantageous than 

nonliving mulches. Select of inorganic or organic 

mulch mostly hang on the operator but the by means 

of  organic mulch means make use of a material 

accessible in the crop and it may be degenerate and 

breakdowns into carbon-based matter. Biological 

mulch enhances the nutrient in the field and upsurges 

soil fertility. Nonliving mulches like plastic piece of 

paper, are stress-free for management and look a 

decent selection due to its stability. 
 

3.1 Inorganic Mulching 
 

3.1.1 Plastic mulching 
 

From various thermoplastic polymers Plastic films 

can be made by practicing sheet extrusion processes. 

Polyethylene (PE), that are the necessary tools of 

plastic mulching, which are formed of long branched 

chains of C2 H4 units. It is imaginable to 

manufacturing polythene and polyethylene films with 

an extensive choice of properties and arrivals by 

utilizing diverse polymerization and film-forming 

practices and additives. Against chemicals and 

biodegradation pE-mulch films have strong point, 

flexibility, elasticity, and conflict, thus precise thin 

polyethylene (PE) layers could be practice for 

mulching, with programmed laying is conceivable. 

PE-films are too well-organized barricades to water as 

well as water vapours [16]. 

mhtml:file://C:/Users/IMRAN/Desktop/asif/Organic%20Mulching%20Materials%20for%20Weed%20Management%20_%20eOrganic.mhtml!https://eorganic.org/node/2880
mhtml:file://C:/Users/IMRAN/Desktop/asif/Organic%20Mulching%20Materials%20for%20Weed%20Management%20_%20eOrganic.mhtml!https://eorganic.org/node/3442
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Couple of years before, the 2
nd

 greatest significant 

utilization of plastics in agriculture after plastic 

glasshouses or channels was mulch film [14], and by 

2009, world-wide practice of plastic for agricultural 

was approximately 2.8 million tonnes. At this time the 

leading consumption of plastic in agriculture is mulch, 

the market is immensely rising specially in country 

China, and where greater than half of universally 

applied plastic mulch is recycled. In Asia plastics has 

the leading claim, In Latin, North America, the 

Levant as well as the Middle East claim is predictable 

to produce strongly [17]. 

 

The layers could be dull or bistered, aluminized or 

may be white. Thickness is typically capable of three 

m, thickness ranging 12-80 µm, and they are 

frequently prepared of little density polyethylene. 

Two to four months are typically the strategic lifespan 

of mulch films [14]. Dark polyethylene is greatest 

extensively practiced because to its outstanding 

possessions [13]. Polyethylene light in weight, 

economical, robust and informal to grip. 

 

Initially, application of polythene sheet was in cooler 

area, and polythene sheet was mostly recycled for 

defence from the cool. Furthermore, to boosted soil 

heats at this time plastic is recycled in all types of 

environmental condition, solls, as well as seasons for 

its frequent benefits. In peanut yield, plastic mulch 

has made a marvellous upsurge (Arachis hypogaea), 

that is termed as white revolution in country China 

[18]. As well the practice of mulch in field such as 

maize (Zea mays L.), cotton (Gossypium hirsutum L.), 

sugarcane (Saccharum officinarum), and rice (Oryza 

sativa) has been fruitful in countless countries. 

Nowadays, yield of fresh-cut market vegetables on 

raised up beds protected with mulch (plastic) and drip 

irrigation has turn out to be an average for almost all 

producers globally. Chen and Katan [19] stated that 

the mulching (plastic) rise the land temperature by 

0.9-4.3ºC at seedling phase, 1.6 - 2.3ºC at bud 

beginning phase and 0.8 to 1.9ºC at the blossoming 

phase. The conclusions of Duhr and Dubas [20] 

displayed a rise of 2.9-3.30ºC in the field 

temperatures with translucent, photodegradable 

polythene sheet mulching. 

 

3.1.2 Plastic mulch and production quality 

 

Over the preceding numerous periods, in many areas 

of the world vegetable yield has exposed important 

yield increases. In an arrangement through drip 

irrigation the application of mulch (plastic) has 

performed a key function in increases in the yield of 

tomato, pepper, brinjal, muskmelon, and cucumber, 

among other vegetables. On the one hand, a little 

amount of announcements on application of  mulches 

(plastic) in broccoli [Brassica oleracea (Plenck) var. 

italic)] (Brown et al. 1987) [21,22]. Coventry et al. 

[23] bring into being that mulch (reflective ) improved 

soluble solid content, overall phenolics (aromatic 

compound which perform as anti microbial 

protection), anthocyanins (H2O soluble pigment 

associated to flavonoids properties) texture of Ontario 

wine grapes. The Reflective mulching as well as bring 

into being to rise soluble solid in plums [24]. 

Kasperbauer and Loughrin [25] exposed that varying 

the colour of plastic mulch can change anthocyanins 

content in butterbean. Strawberries that matured over 

plastic mulch (red) were expressively higher in smell 

and flavour compound [26]. Antonious and 

Kasperbauer [27] set up that the trial of yellow and 

dark mulches bring about in advanced attentions of 

phenolics of carrot. Beside this, the usage of yellow 

and creamy mulches bring about in high a-carotene 

(organic compounds along orange pigments in plants) 

including ascorbic acids (H2O soluble sugar acid by 

antioxidant properties) quantity in carrots when 

likened to others coloured mulching and naked soil 

treatment. 

 

3.1.3 Plastic mulch and pest management 

 

These mulches make available a variety of weed 

manage stages, dependent on the quantity of light 

broadcast over and done with the mulch [28]. 

Throughout the developing season plastic mulch 

decreased weed appearance by 64% - 98% [29]. For 

managing weed black mulch is more impressive, but 

normally supply less soil heating than clear mulching 

[15]. Schales [30] searched that has not been mulched 

patch demand 225 to 270 more man interval for 

manual eradication hectare than patch consuming 

plastic mulch. These distance selective or infra-red 

transferring mulches association the soil heating of 

the mulching with the unwanted plants management 

of the dark mulch, while at a budget premium ([31]. 

Plant progress and enlargement not only affected by 

reflected energy but reflected energy also reportedly 

effects the performance of insect’s covering the plants 

[32-34].  There are a lot of available survey on to the 

personalty of mulch on microorganisms. The decrease 

in amount of insect timely in the period may have 

donated to plant existence by postponing the 

beginning of microorganism infection and other 

disorders. The crop may likewise protect from insect 

pests or diseases from mulches. Mulch shield can play 

an unbiased part or decrease the threat of insect 

microorganism violence to field plants by avoiding 

direct association of microorganisms from ground to 

plants, but occasionally mulch might create the threat 

of insect attack.  Manage silver leaf white fly inhabit 

close to that supply by care with imidacloprid plastic 

mulch might be practiced [35]. Subsequently to 
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discover host plants countless insects use visual cues, 

interfering by these stimulus can create better 

desirability or repulsive force to the  mulched crop 

and, hence, field restrained under those crops [36]. 

Better statistics of western flowers thrifts 

(Franklinielh occidental) are paying attention to down 

UV reflective white, yellow and blue colors. Under 

thrift sums were conveyed on green, red, and 

extremely UV reflective substrate [37]. Aphids as 

well prove desirability to sure colour, such as yellow, 

bare soil, including revulsion to other colour, such as 

silver. Here has been improved care to the practice of 

coloured mulches (plastic) in stopping or postponing 

the start of numerous insect vectored disorders in 

current years. The trial of mulch (reflective) 

postponed dispersed of bean, yellow mosaic, 

cucumber mosaic virus and significantly weakened 

the quantity of aphid vectors. 
 

3.1.4 Photodegradable plastic mulch 
 

Photodegradable or recyclable mulches is a substitute 

solution develop for decreasing discarded from 

polyethylene mulches [38]. Scientists initiate to 

inspect the probability of consuming bio photo 

degradation as a self devastating disposal method for 

plastic sheet, in the 1960s and 1970s [39]. Photo 

degradable constructive are that rumored to demean 

through photo initiated chemic reactions. These photo 

perishable polyethylene sheets comprising starch has 

been technologically advanced and recycled in 

agriculture. That are superior capable to increase 

temperature, reservation moisture, and increase 

production than public polyethylene sheets. These 

photo bio-degradable polyethylene sheet suppressed 

in soil and also have better degrad ability [40]. A 

substitute to photo degradable plastic might be the 

practice of biodegradable sheet, made of maize starch 

including other de-composable polymers [41], in the 

meantime that crushed through the act of wetting and 

micro-organisms, decaying completely into CO2 and 

H2O. 
 

3.1.5 Biodegradable plastic mulch 

 

For the practice of plastics alternate solutions have 

been settled. One substitute manufactured goods has 

been decomposable plastic, beginning early (1980s). 

From renewable non-oil properties the assets have 

mostly been made that are aliphatic polyesters and 

starch polymer mixtures. These revolutions show a 

geographical region amiable answer to the rising 

difficulty of flexible discarding. Underneath humid 

soil slowly decay recyclable mulch films, thus they 

might be ploughed to the soil afterwards the 

developing era. Then, decomposable mulch coating 

bear a resemblance to PE-mulch layer, as they may be 

put down on to the ground in a parallel means and by 

the identical tools as PE-mulch layer. Martin Closas et 

al. [42] have made known that’s why the kind of 

recyclable mulch they verified in Spain country with 

carbon-based tomato (Lycopersicon esculentum Mill.)  

yield is a big replacement to Dark plastic. 
 

For the removal of plastic films appropriate substitute 

techniques comprise the practice of decomposable 

properties. Towards the final stage of their existence, 

eco-friendly resources can be combined straight into 

the earth where micro-flora change into carbon 

dioxide, water, and bio mass. Because eco-friendly 

resources don’t produce wastes that have need of 

discarding, they could signify a justifiable ecological 

substitute to devalued concentration polyethylene 

covering. 
 

4. APPLICATIONS OF PLASTIC 

MULCHING 
 

In agriculture, the practice of reflective coat mulches 

has improved melodramatically because of  their aids 

such as rise in soil temperature, decreased weed 

burden, wetness preservation, and decrease  special 

insect pests, better crop productions, and additional 

effective practice of soil nutritious material. 

 

1. The reflective coat mulching is considerable 

additional operative in rising PAR at reflective 

sunlight than at the direct sunlight, according to 

our conclusions. Moreover, these conclusions 

put forward that, reflective plastic film 

mulching can be underwrote to persuade of 

photosynthesis of blueberry shrubberies mainly 

which are visible to reflective sun light. 

2. The enhancement in crop production by mulch 

is impressively due to excess in soil wetness 

(Li et al., 2007; Wang et al., 2009), decrease in 

soil water vaporization and due to rise in upper 

soil layer temperatures 

3. On the other hand, the improved production by 

mulch is also on the form of mulching 

meanwhile every field has its personal 

physiology which is interrelate with outer 

environment. 

4. Yet, the miscellaneous mulching performs can 

be produced diverse moments on various plants 

rendering to plants’ metabolic pathways and 

physiology. 

5. Excitingly, the reflective mulching make 

available a suitable atmosphere for 

development, production and progresses 

significant mixes which influence better result 

in plant and make the plant immune to pests 

and disorders. 

6. It feast underneath apple tree shades, rise 

reflected light concentration within plant base, 

but not in the plant top. 
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7. It can expand apple red blush but the outcome 

hang on verity and on the maturing season. 

8. Reflected light heat is a less and energy of 

reflected light has no momentous result on fruit 

bud and fruit setting,  nor on mean fruit weight 

and TSS content. 
 

5. CONCLUSION 
 

Mulching decreases the decay of soil by way of 

restricting the runoff, overcome the weed swarm and 

checks the water vaporization. Therefore, it                   

assist for much retentiveness of soil wetness and assist 

in manage of temperature vacillate, accelerate 

physical, chemical as well as biological material 

possession of soil, as it addition of nutritious     

materials to the sand and finally increase the outcome 

of crops.   
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