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Abstract
The effect of green manure on the growth of irrigated corn (Zea mays L. cv Cisko) was investigated under different drip irrigation rates on a clay soil in Greece. A feed pea (Pisum sativum L. cv Olympus) crop was established
in autumn and incorporated into the soil in spring, about 3 weeks before the sowing of the subsequent corn.
During the growing period, the growth stages and yield of corn were assessed under three drip irrigation levels
I1 (33% low), I2 (66% moderate) and I3 (100% full of actual evapotranspiration, ETm) and two cultivation practices a) application of green manure and b) experiment without previous green manuring. The positive effects of
green manuring were greater in the moderately and fully irrigated plots. Drip irrigation was applied to minimize
nitrate leaching which requires low volume of water. In plots receiving moderate or full irrigation, biomass, leaf
area index (LAI) and seed yield were much higher in comparison to stressed plants (33% ETm). Increased yield
and dry biomass obtained in the plots after incorporation of feed pea residues, may be attributed mainly to the
elevated amount of soil organic matter (SOM). The increased yield exceeds the overall cost for green manure
application, and this economic incentive is expected to be even more significant taking into account the continuous improvement of soil conditions.
Keywords: Irrigation, green manure, cover crop, fertilization
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1. Introduction
Modern agricultural production in Mediterranean

Thus green manuring with legumes may reduce the

countries is largely based on monoculture of single

required amount of nitrogen fertilizer by 100-200 kg

species plantations taking advantage of scale econo-

N ha-1 (Helming et al., 2014) drastically reducing pro-

my for maximizing farmer profit. However, the sig-

duction costs.

nificant reduction of biodiversity and organic system

A relatively recent 3-year field study carried out by

controls in such cropping systems are associated with

Skoufogianni et al (2013) highlighted the positive ef-

adverse environmental outputs and eventually land

fect of field pea as a winter cover crop recorded on

degradation that must be alleviated before irreversible

the seed yield of a fully irrigated maize crop on a clay

levels (desertification) may be reached.

soil of Thessaly plain (central Greece), under differ-

Major issue of monoculture comprises the depletion of

ent nitrogen dressings. Feed pea as green manure en-

soil organic carbon (SOC) (Reganold et al., 1987; El

riched the topsoil with 180-220 kg N ha-1 annually,

Titi, 1990; Tilman, 1998; Wander et al., 1998; Kätter-

after incorporation (Skoufogianni et al., 2013), and

er and Andrén, 1999; Smith,1999; Tebruegge, 1999;

brought about a significant increase in both nitrogen

FiBL, 2000; ), whereas in Mediterranean lowlands

mineralization and fertilization efficiency as well as

with modest runoff (and soil erosion) and deep perco-

maximum yields. However, elongation of the linear

lation, depletion of SOC is largely due to organic mat-

part of the yield-uptake relation was also apparent, re-

ter mineralization as well as oxidation (Reicosky and

flecting a higher yield potential for the plots receiving

Lindstrom, 1995; Lal, 1997; Paustian et al., 1998a,b;

green manure. This demonstrates the improvement of

FAO, 2001). Besides SOC depletion, monocultures

soil physical characteristics and water use efficiency,

bring about accelerated soil structural stability and

which could not fully understood without including

inherent fertility degradation. Topsoil structure deg-

different (irrigation) water application levels in the

radation and SOC reduction to the present low levels

comparison. The present work is aiming to study the

(<1%) are also the result of extensive monoculture of

effect of green manure (feed pea) on the growth and

winter cereals and irrigated cotton crops in the Thes-

yield potential of maize on the above same clay soil

saly plain, the largest Greek lowland and the center of

under different irrigation applications, while main-

the country’s agricultural production.

taining fertilization and the rest cultivation practices

Many authors have demonstrated the paramount im-

at optimum levels for crop production.

portance of crop rotation and green manuring in alleviating the negative effects of monoculture and im-

2. Materials and Methods

proving soil physical properties (bulk density, porosity), soil structure and water holding capacity, SOC

A split plot field experiment with three replicates (blocks)

and nutrient availability (Bremer, 1960; FAO, 2010;

was established on a clay soil in the Experimental Farm

Skoufogianni et al., 2013) as well as the reduction of

of the University of Thessaly situated in Velestino (Mag-

N losses through runoff, leaching and soil erosion. In

nesia) in central Greece (coordinates: 39o2´N, 22o45´E,

particular, green manuring with legumes greatly im-

70 m above sea level). Based on main characteristics, soil

proves soil fertility by increasing SOC and nitrogen

colour, parent material, soil structure development and

due to biological fixation of atmospheric nitrogen.

partial leaching of carbonates, according to the World
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Reference Base for Soil Resources (Working Group

Mean daily weather data were collected in a fully au-

WRB, 2006) studied soils have been classified as

tomatic meteorological station installed in the experi-

Calcaro vertic Cambisol (CMvr).

mental field. A standard class-A evaporation pan was

Soil samples were taken from two depths (0-30 and

also installed to determine potential evapotranspira-

30-60 cm) for determination of particle size distribu-

tion (ETo) using the pan coefficients according to the

tion, bulk density, cation exchange capacity(CEC),

actual weather conditions (0.75-0.8). The, maximum

pH, exchangeable (K+), organic matter content,

crop water needs (ETm) were determined using the

content and available P-Olsen). Nitrates

formula ETm = ETo x kc, where kc the crop coeffi-

were determined by a FIAstar 9000 Analyzer (FOSS

cient of corn taking values from 0.4 to 1.1, according

TECATOR, Sweden).

to FAO (1998).

According to the experimental protocol, feed pea

The experimental area is generally characterized by a

(variety “Olympus”) was sown in October, 2015 and

typical Mediterranean climate with cool humid winters

grew during the winter and spring period, and finally

and hot dry summers. In particular, the growing period

it was incorporated (green manure) into the soil in

of maize (May-end August) in 2016 was characterized

April 2016. Then the soil was prepared and sown

by mean air temperature about 26.5 oC and can be con-

again with maize (8/5/2016). The crop emerged on

sidered as drier and slightly warmer than average, due

May 15th and grew during the summer period to be

to a warm-dry spell prevailing in early to mid-June.

finally harvested in first week of September, 2016.

However, the post flowering period was character-

Weed, pest and disease control and optimum NPK

ized by average air temperatures so that grain filling

fertilization for maximum maize yields were applied.

period and maturation were not adversely affected. The

Irrigation was applied at three levels, i.e. 33%, 66%

amount of rainfall during the growing period (June -

and 100% of actual evapotranspiration (ETm), com-

end August) was modest (only 11.0 mm) so that irri-

prising the main plots (Sakellariou-Makrantonaki and

gation comprised practically the main water input for

Vagenas, 2006). The subplots comprised the two cul-

the different treatments (Table 1). The rest cultivation

tivation practices considered: a) with green manure,

practices (fertilization, weed, pest and disease control)

b) without green manure.

were kept optimum for obtaining potential production.

Green manuring took place a few days after the bloom-

For ensuring better accuracy of the water inputs, a drip

ing of the feed pea. Just before its incorporation, sam-

irrigation system was used applying water at 7-9 day

ples from the aerial biomass were collected from 3

intervals according to Table 1. The soil moisture avail-

representative sites, and prepared for laboratory plant

ability needed to determine the crop water require-

analysis: the samples were weighted, dried at 65 °C for

ments and irrigation application time and depth mois-

48 h, and then pulverized and weighted again tocalcu-

ture was recorded using six customized access tubes

late the quantity of dry biomass which was incorpo-

of the Diviner 2000 (Sentek Co.). These had been in-

rated into the soil. Finally, the samples were analyzed

stalled in the experimental field allowing logging and

for total nitrogen content using the standard Kjeldahl

storing soil moisture recordings at 10cm soil depth in-

method (Nelson & Sommers, 1973).

tervals down to 1 m depth from the soil surface.

CaCO3
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Table 1. Irrigation schedule of maize in the experimental field (Velestino, 2016).
I1(33%)

I2(66%)

I3(100%)

Consumed Irrigation Water
Irrigation dates

(mm)

Sowing date

30.0

30.0

30.0

22 June

26.4

52.8

79.2

30 June

17.6

35.2

52.8

7 July

17.6

35.2

52.8

16 July

26.5

47.0

70.4

24 July

17.6

35.2

52.8

1 August

20.5

41.1

61.6

8 August

17.6

35.2

52.8

16 August

20.5

41.1

61.6

23 August

17.6

35.2

52.8

TOTAL

211.9

388.0

566.8

Taking into account the amount of rainfall during

final results at harvest are presented and discussed.

growing period (June - end August), plants have final-

The data were statistically analyzed using analysis of

ly received 222.9 mm, 399.0 mm and 577.8.0 mm of

variance through the GENSTAT Software (Payne et

water, for the respective treatments I1(33%), I2(66%)

al., 2011). Means were compared using revised LSD

and I3(100%)

test at 0.05 levels.

Actually, the nitrogen applied to moderately and fully
irrigated plots slightly exceeded to 350 kg ha-1 sup-

3. Results

plied in two equal applications (basal dressing with
ammonium phosphate and a top-dressing with ammo-

Table 2 summarizes the main physical and chemical

nium nitrate). The dry plots received only 250 kg ha .

properties of the study soil at two depths viz. 0-30

The growth of maize by means of plant height, leaf

cm and 30-60 cm. The soil is slightly calcareous, clay

area index (LAI), fresh and dry matter per plant organ

textured with a high CEC in both depths and a higher

were measured using destructing samples periodically

SOC and SOM and Ntot contents in the surface ho-

taken during the growing period and upon harvest. All

rizon, Ap. Furthermore, increased P and K contents

plant samples, including samples of the legume crop

were measured in the topsoil (0-30 cm), attributable

before its incorporation were transferred to the labo-

to residual effect from P-K fertilization in previous

ratory, for chemical determinations. After drying, the

years. The soil is well suitable for cultivation with an-

samples were blended and analyzed for total nitrogen

nual crops such as corn (Zea mays L.), cotton (Gos-

(Ntot) using the standard Kjeldahl method. Here, the

sypium hirsutum L.) and alfalfa (Medicago sativa L.).

-1
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Table 2. Measured physical and chemical properties of the study soil.
Soil layer

depth

particle size

texture

BD

CEC

pH

Corg.

N

ΟM

CaCO3

P

K

g kg-1

%

%

g kg-1

cmol kg-1

Sand

Silt

Clay

(%)

(%)

(%)

0-30

26.3

33.9

39.7

Clay

1.28

28.2

7.6

14.51

1.66

2.90

7.46

19.8

0.91

30-60

25.4

32.6

42.0

Clay

1.27

25.5

7.8
7

8.67

1.02

1.73

8.62

3.4

0.40

(cm)

cmol kg-1

g kg-1

8

BD: bulk density, CEC:cation exchange capacity, Corg.organic carbon, N: total nitrogen, ΟM: organic matter

The mean concentration of nitrates in the irrigation

mg L-1. The amount of irrigation water per each treat-

water was 21.4 mg L , and after conversion to nitro-

ment and the nitrates content were also used (Table 3)

gen the content (multiplying by 0.2259) was 4.83 N

to calculate the nitrate nitrogen inputs.

-1

Table 3. Total inputs of nitrogen for each irrigation treatment
Treatment

Water used for irrigation

NO3-N

(mm)

kg ha-1

Ι1

211.9

10.2

I2

388.0

18.7

I3

566.8

27.4

Concerning the green manure, the mean dry biomass

The results on final crop (corn) performance are pre-

of feed pea was found 0.52 kg m which corresponds

sented in Table 4 for the various treatments under

to 5.2 t ha-1. Results have showed that green manure

study. As expected, irrigation significantly affected

crops provide a significant source of total N and K.

corn crop growth as reflected by plant height. As ap-

The quantity of incorporated phosphorus (P) into the

parent in Table 4, the final plant height reached 1.83

soil was much lower but is not negligible to the sub-

m for both, full and moderate irrigation treatments

sequent crop. The incorporated quantity of nutrients

(100%-66% ETm), while the stressed plants (33%

was 157 kg ha for K, 107.1 kg ha-1 for N and P was

ETm) did not exceed1.5 m in height. Οn the contrary,

only 7.8 kg ha-1.

the final height of maize plants did not vary between

-2

-1

the green manured and the control plants (Table 4).
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Table 4. The impact of different irrigation levels and green manure on maize yield.
IRRIGATION

Maize
height
(cm)
dry/fresh
biomass
*DB leaves
(g m-2)
DB of cobs
(g m-2)
DB of shoots
(g m-2)
Total DB
(g m-2)
DB ratio
shoots/total

GREEN MANURE

IRRIGATION x GREEN MANURE

I3

I2

I1

LSD

+

-

LSD

Ι3+

Ι3-

Ι2

Ι2-

Ι1+

Ι1-

1.83

1.7

1.5

0.21

1.6

1.7

ns

1.7

1.8

1.7

1.8

1.5

1.5

0.80

0.79

0.80

ns

0.79

0.81

ns

0.81

0.78

0.75

0.83

0.79

0.81

450.0

466.5

287.5

63

430.2

372.4

51.3

484.1

415.8

508.5

424.4

297.9 277.1

1247.0 1292.7 796.8

174

1192.2 1032.1 142.2 1341.7 1152.2 1409.2 1176.2 825.5 768.0

320.8

205.0

44.9

306.7

2017.7 2091.8 1289.2

282

1929.0 1670.1 230.0 2171.1 1864.4 2280.3 1903.2 1335.8 1242.7

0.164

332.6

0.173

0.141

ns

265.5

0.162

0.157

36.58

ns

345.2

0.163

296.4

0.164

362.6

0.188

302.6

0.157

212.4 197.6

0.134 0.149

*DB: dry biomass

Concerning biomass production and seed yield per-

plant traits such as the dry/fresh ratio (about 80%) and

formance, the plots receiving moderate to full irriga-

the dry matter distribution of the various plant organs

tion exceeded 20 t ha-1 in dry biomass whereas the

(dry leaves, shoots and cobs) did not vary significant-

stressed plants (33% ETm) did not exceed 12.9 t ha

ly among the various treatments.

-1

(LSD0.05 = 282 kg str.-1 - see also Figure 1). Simi-

As can be depicted from Figure 2 and Table 4 the plots

larly, yields reached 12.5-13 t ha in the moderate

receiving moderate to full irrigation performed by 2

and full-irrigated plants, but did not exceed 8 t ha-1 in

t ha-1 higher grain yields and by 3.1-3.8 t ha-1 higher

the stressed plants. As presented in Table 4, important

total dry biomass.

-1
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a)

addition (+) or not (-) of green manure with pea before corn sowing

b)

the three irrigation levels (100%, 66%, 33% ETm)

c)

the above in combination (P = pea, C = control)

Figure 1. Total aerial dry corn biomass (Vertical bars present values of Least Significant Differences (LSD) at 5% probability
level *stremma)
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a)

addition (+) or not (-) of green manure with pea before corn sowing

b)

the three irrigation levels (100%, 66%, 33% ETm)

c)

the above in combination (P = pea, C = control)
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c

Figure 2. Grain yield up grain yield on harvest (The yields are expressed assuming grain moisture content 15%, Vertical bars
present values of LSD at 5% probability level *stremma.)
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Based on the current corn seed rates in Greece (180

composition was usually lower under zero than under

€ t ), the obtained yield increase (2 tons economic

conventional tillage, e.g. corresponding percentages

product) corresponds to 360 € ha-1which largely ex-

residues under conventional tillage, was: 55% for

ceeds the overall cost of feed pea cultivation and in-

feed pea (Lupwayi et al., 2004). It was also found

corporation (about 150 € ha-1).

that residues left on the soil surface under zero till-

-1

age decomposed more slowly than those incorporated
4. Discussion

into the soil under conventional tillage. Rapid decomposition is not necessarily desirable because the

The experimental soil (Table 2) is slightly calcareous,

nutrients released, especially nitrates, are subject to

with a high CEC in both depths and a higher SOC and

losses from the soil through the process of leaching.

SOM and Ntot contents in the surface horizon, Ap.

However, nitrogen can be mineralized rather rapidly

It is characterized by clay texture and during the dry

and part of requirements of corn can be covered by

period the formation of cracks causes problems in ir-

N originated from plant residues, after mineralization

rigation, tillage, and management of fertilizers.

by soil micro-organisms. Since P and K are relatively

The total nitrates inputs from irrigation varied sub-

stable in soil, their losses by leaching are very low and

stantially among treatments and ranged between 10.2

crop can acquire part of these elements by means of

and 27.4 kg N ha-1 (Table 3). In practice, irrigation

mineralization.

water containing nitrate can supply nitrogen to the

Results from field experiments with common green

crops since it is applied and taken up during the grow-

manure legumes performed in North Europe, have

ing period. Hence, nitrates content should be taken

shown that 114-196 kg N, 17-24 kg P and 89-144 kg

into account to accurately calculate the required ni-

K ha-1 were returned to soil every year (Talgre et al.,

trogenous fertilizers.

2012). Experiments conducted in Chile have indicat-

Results of the laboratory determinations concerning

ed that the main source of N input in soils was from N

the incorporated material have indicated that green

mineralization, while the contribution of rainfall and

manuring contributes significantly to increasing of

biological fixation to the total N inputs was less than

plant available macronutrients. The incorporated

17% (Lobos et al., 2016).Investigations to evaluate

quantity of nutrients was found to the following de-

soil mineral nitrogen (N) in agricultural fields have

creasing order: K>N>P. In particular, the amount of

shown that (0-100 cm depth) the history of organic

both elements N and K can be up taken from the suc-

matter application and other field management prac-

ceeding crops, after mineralization.

tices drastically affected the amount of mineral soil

The positive effect of incorporated pea to maize yield

nitrogen (Fueki et al., 2010).

under full irrigation was highlighted by Skoufogianni

Plots receiving moderate to full irrigation exhibited

et al. (2013). This was attributed to the improved top-

considerably higher biomass and seed yield in com-

soil physical properties and to considerable amounts of

parison to the stressed plants (Table 4 and Figure 1).

N being taken up by maize plants after mineralization.

These results provide clear evidence that potential

Field experiments were carried out to determine de-

production could be attainable even with the moder-

composition patterns of residues from various crops.

ate irrigation input (66% ETm) resulting in a higher

It was revealed that crop residue exceeds 6.05 t ha

-1

water use efficiency, e.g. 3.33 vs 2.20 kg grain t-1 ir-

for feed pea and the extent of dry matter (DM) de-

rigation water. This may be attributable to the initial
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soil water storage as well as the high water holding

However, appropriate incentives, management strate-

capacity of the studied clay soil which is important for

gies, and yield benefit expectations should be fostered

saving large amounts of irrigation water for obtaining

to increase the adoption potential of this N-economiz-

maximum corn yields. Benjamin and Nielsen (2006)

ing soil and water conservation strategy (O'Dea et al.,

observed that water deficit affects the distribution of

2013). As these are preliminary results of the first year

pea roots under irrigated conditions, and about 80% of

of growing and incorporating feed pea as green ma-

the field pea roots were in the top soil. It can be argued

nure before the establishment and growing of corn as

that the experimental area of University of Thessaly,

main crop, the above economic incentive is expected

is characterized by water shortage, and autumn sow-

to be much greater in the subsequent years of such

ing provides an opportunity to decrease the negative

practice through the continuous improvement of the

effects of water stress on grain pea yield.

soil structure and fertility.

As the moderate irrigation scheme could ensure maximum yield production of the traditionally managed

5. Conclusions

corn (without green manure), it can be concluded that
the increased yield and dry biomass in the green ma-

The quantity of dry biomass of incorporated field pea

nured plots must be attributed to the improvement of

was 5.2 tones ha-1 and nutrients originated from plant

the physical soil properties, the improved of water-

residues were found to the following order, such as:

soil relations and the more efficient uptake of water

K>N>P, respectively. The incorporated plant residues

from the root zone, i.e. the same reasons for increas-

as green manure, increased plant available macronu-

ing water use efficiency. Similar positive effects of

trients, in particular K and N. Irrigation significantly

green manure on bulk density (5% decrease) and

affected corn growth and the final plant height was

total soil porosity (8% increase) in Inceptisols with

similar for both, full and moderate irrigation treat-

low SOM soon after receiving green manure (Sultani

ments, while the stressed plants had lower height.

et al., 2007). A very important finding comprises the

A sizeable increase in corn yield was recorded in plots

significant increase in corn seed yield (as well as total

which had received green manure before the cultiva-

biomass production) in the plots which had received

tion of Zea mays L. As the moderate irrigation scheme

green manure before the sowing of corn. Experiments

could ensure maximum productivity of corn without

conducted in Greece and Italy have indicated that the

green manure, it can be argued that the increased yield

leguminous green manure has a dominant key role in

and dry biomass in the plots where green manure was

managing the N soil fertility (Bilalis et al., 2012; Ciac-

applied, must be attributed mainly to the improve-

cia et al., 2017) in the short period of experimentation.

ment of soil properties.

However, results from field experiments conducted in

The importance of feed pea cultivation as cover crop

Greece to determine the effects of green manure on

and the incorporation of its biomass, rich in NK nutri-

yield of maize (Bilalis et al., 2012) have shown that

ents as green manure was evidenced already in the first

biomass was higher in faba bean (Vicia faba L.) and

year of application on the yield and dry biomass pro-

vetch (Vicia sativa L.) compared to pea (Pisum sati-

duction of a subsequent corn cultivation. In particular,

vum L.), and both accumulated significantly more N

this practice may increase the production potential of

than pea. Also, the lowest yield was recorded in the

traditional corn monocultures in Central Greece (Thes-

plots where pea was used as green manure.

saly) by 2 t ha-1 grain and by 3.3-3.8 t ha-1 dry biomass.
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Hence, green manure as a practice may significantly
increase farm profit. In addition, application of green
manure can improve water use efficiency, physicochemical and biological soil properties. Therefore,
the above practice should be seriously considered to
be introduced in crop rotation systems in the immediate future in Greece and more generally on Mediterranean lowlands, where intensive monocultures are
blamed for pronounce degradation of soils and production potentials
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