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ABSTRACT

Green manures refer to soil fertility building crops, which may be broadly defined as crops grown
for the benefit of the soil. They have been use in traditional agriculture for thousands of years but today's they
are still limited utilized by farmers.A Lysimeters experiment was conducted at Sakha Agricultural Research
Station,Egypt to assess the effect of green manures, and phosphorus fertilizer on some soil properties,
phosphors use efficiency and yields of barley (in winter season 2016/2017) following by maize (in summer
2017). The experiment was arranged in split plot design with three replicates. The main plots were devoted
to green manures: control (without green manure), as Lentil plants (Lens culinaris Medikus) and as Rocket
plants (Eruca sativa L.); the sub plots were arranged in four rates of mineral phosphorus fertilizers: control:
(without addition),7.5, 11.25 and 15.5 kg P2Os fed™. The obtained results illustrated that using green manures
i.e., lentil and rocket before planting barley significantly improved soil properties; increased the availability
of the nutrients (NPK), and total porosity. Interaction between green manure as a rocket with mineral P-
fertilizer rate at 15.5 kg P2Os fed! attained the highest values of biological yield, harvest index, grain weight,
and nutrients-uptake of NPK of barley and maize. The use of rocket as green manures with mineral
phosphorus fertilizer at a rate of 11.25 kg P20s fed(75% of RD)maximized barley and maize yields and
phosphorus use efficiency.So,the study concluded the importance of using green manures to improve soil

fertility and properties and mineral phosphorus fertilizer use efficiency.
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INTRODUCTION

The residues and ploughed-in green plants of
grasses, as preceding crops, have a significantly effect on
the formation of productivity elements of cereal crops in
the first year and also in the second year. (Skuodien &
Nekrosien, 2007). Green manuring indicate to agriculture
of plant species for biomass production. After harvesting,
plant species are added to the soil to promote soil
protection, increase its organic matter content and recycle
nutrients (Hasaneen et al., 2009 and Souza et al., 2012)

After decomposition, Green manure is supplying
soil with humus that plays important roles in improving
soil properties; its fertility and thus, consequently plant
growth. In general, it may be said that green manures
improve poor soil because of their action on the physical,
chemical, and bacteriological conditions. Ploughed-in
green material improves soil with organic matter, which as
a result of microbiological processes releases elements for
plants (Ziblim et al., 2013). The organic phosphorus (P)
and potassium (K) bound in the green manure crop may
provide an easily accessible form of P and K to succeeding
crops (Eichler-Lo bermann et al. 2009).

The use of green manure with adequate residue
management and crop rotation is important to conserve or
increase content of soil organic matter , promote nutrient
cycling to be benefit for crops, as increase organic acids
which decrease soudium adsorpition ratio (SAR).
(Mazzoncini and Barberi, 2002). Green manure had
significant increase in soil EC Abdollah (2015). The
decrease in the bulk density might be due to increase soil
content of organic carbon that improves aggregation of
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particles (Othman et al., 2011; Yang et al., 2012).
Decomposition of crop residues inreached soil organic
matter and drives the elements return from plant litter to
soil (Lupwayi et al. 2005), which determines the
availability of elements for plant uptake. The phosphorus
use efficiency is between ranged (15 — 20%) in cultivation
fields point out that most of the soil-applied P remains
unavailable to plant and leaches into surface and ground
water leading to eutrophication (Smith 2003). The
availability of low phosphorous in soil is one the major
concern for the production of legume crop in the country.
Being a legume, it fixes nitrogen from atmosphere through
root nodules by Rhizobium bacteria (Humprey et al, 2001),
which helps in reducing the pressure of nitrogenous
fertilizers application.

Integrated plant nutrient management with efficient
recycling of OM in combination with mineral fertilizers is
one of the options to increase crop production. The
integration of organic and synthetic sources of elements
not only led to essential nutrients but also has some
positive synergistic relations leading to increase crop yield
Amanullah and Maimoona, (2007). Incorporation of green
manure crops with P-fertilizer significantly increased soil
content of total nitrogen , phosphors and potassium
compared with weedy fallow which could be attributed to
improving soil with organic materials and nutrients which
produced by green manures decomposition (Achu et al.,
2013; Adesoji et al., 2014).

A lot of studies about vegetable foods have shown
that many plants of the Brassicaceae family contain
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phytochemicals such as glycosinolates and flavonoids (Jin
etal., 2009).

The objective of the present study is to demonstrate
the direct and residual impacts of green fertilization (as
rocket and lentil plants) with mineral phosphorus fertilizer
rates on soil fertility, phosphors use efficiency and yield for
two successive seasons; winter (barley crop) and summer
(maize crop).

MATERIALS AND METHODS

A Lysimeters experiment was carried out at Sakha
Agricultural Research Station, Kafr FEl- Sheikh
Governorate, Egypt (Latitude 31° 05~ N, and Longitude 30°
75~ E) during winter season of 2016/2017 and summer
season of 2017. Lysimeters experiment station had an
elevation of about 6 meters above the sea level. Lysimeter
shape was a circular (one meter diameter * 60 cm height
with filter of sand and gravels about 10 cm); each lysimeter
was filled by 626 kg of clayey soil. Experiment included
72 Lysimeter; divided into 3 groups for green manures;
every group included 24 lysimeter.

Experimental design and treatments

The experiment was conducted in Spilt plot design,
with three replications. The main plots were devoted to
three types of green manure G1 (control; without green
manure), G2 (Lentil plants) and G3 (Rocket plants). The
sub plots were arranged in four rates of mineral phosphorus
fertilizers P1 (control: without addition), P2 (7.5 kg P-Os

fed?d), P3 (11.25 kg P,Osfed™?) and P4 (15.5kg P.Os fed,
i.e., 100 % of recommended dose for barley).
Soil sampling and analysis

Soil samples were taken from the surface layer (0—
30 cm) before soil preparation; some physical and
chemical properties of soil were analyzed according to
shown in Table (1). Particle size distribution was
determined according to the international piptte method.
Auvailable nitrogen of the soil was extracted by 1N
potassium chloride and determined by Kjleldhl method,
phosphorus was extracted by 0.5N sodium bicarbonate and
calorimetrically measured by spectrophotometer. Available
Potassium was extracted by 1IN ammonium acetate and
measured by flame photometer . Soil pH, EC and soluble
cation and anions were determined in soil past extract. All
determine was according to Buurman et al (1997).

For green manures treatments; seeds of lentils and
rocket were sowing at the first week of October 2015 and
after 30 days all plants inside the plot were incorporated
into the soil (0- 30 cm). Barley (Giza 2000) was planted on
25" November 2016, and harvested on 15" April 2017. At
the same plots with the same frequency, maize (single
hybrid 10) was sown on 1%t May 2017 and harvested on 5
October 2017. The other required cultural practices for
crop barley and maize were followed properly as
recommended.

Table 1. The mean values of some physical and chemical properties of the experimental soil before cultivation.

Properties Particle size distribution

Bulk density Total porosity Void ratio

OM CaCOs

Soil depth Sand%  Silt%  Clay % Textureclass (kg m?) % (V) % o ONR
0-15cm 17.92 32.23 49.85 Clayey 124 53.20 114 138 253 958
15-30cm 18.23 230.41 51.36 Clayey 131 50.57 1.02 105 239 1054
30-45cm 22.86 29.36 47.78 Clayey 1.39 47.55 0.91 065 221 1101
Properties pH (in 1:2.5 soil: water suspension), EC (in soil paste extract),soluble cations and anions Available NPK

(meg/L soil) (mg kg
Soil depth pH ECdSm! Ca™ Mg™ Na* K* COzy HCOs CI SO4~ N P K
0-15cm 7.79 3.25 6.83 391 2220 050 N.D 200 16.51 15.03 30.75 592 256
15-30cm 8.05 3.89 722 572 2680 0.60 N.D 25 1956 18.28 2763 435 228
30-45cm 8.32 4.32 811 624 295 081 N.D 30 2163 20.03 1445 3.89 185

Phosphorus fertilizer was applied as (single calcium
superphosphate fertilizer 15.5% P,0s) with soil tillage
before sowing barley. N fertilizer was applied as urea
(46.5% N) a rate of 75 kg N.fed. Potassium was applied
at a rate of 100 kg fed™ potassium sulfate fertilizer (48%
K>0) as one dose before sowing.

Samples of each treatment from soil were taken at
harvesting of barley and maize. Also, samples of each
treatment were taken at harvest of barley crop, to
determine the biological yield (t.fed) and chemical
analysis of grain and straw. Also, samples of maize crop
were taken from each treatment at harvest to determine
grain yield (ardab fed; where ardab = 140 kg), straw yield
(t.fed), 100-grain weight (g) and chemical analysis for
grain samples.

Chemical analysis of Plant and nutrient uptake

Samples were digested using sulfuric and
perchloric acids mixture; then total N was determined
using micro Kjeldahl method (Chapman and Pratt, 1982).
Phosphorus was determined using spectrophotometer and
potassium using flame photometer. The uptake of NPK
was calculated by multiplying the content (%) by dry yield.
The following equations were used to calculate the
fertilizer efficiency. Recovery of P fertilizer (RPF) and

phosphorus use efficiency (PUE) were calculated for each
treatment according to the following equations according
to Finck (1982).

Recovery of P fertilizer (%) = [(Total P uptake from fertilizer
treatment - Total P uptake from control treatment) / Quantity
of P fertilizer applied]*100
Phosphorus use efficiency (kg yield/kg P applied) = [(yield for
P applied - yield for P control) / Quantity of P fertilizer
applied]

The results were analyzed statistically according to
Gomez and Gomez (1984) and means values were
compared against least significant difference test (L.S.D.)
at 5% level.

RESULTS AND DISCUSSION

A- Barley-maize yields and their components:
1. Barley-maize yield:

Data in Table 2 and Figs (1, 2, 3 and 4) demonstrate
that application of green manures before barley sowing
significantly affected yields and their components of barley
and maize. The biological yield of barley increased by 6.97
and 13.66 % with the applications of green manures: lentils
and rocket as compared with control. Also, The biological
yield of maize increased by 16.26 and 37.18 % at the
applications of green manures: lentils and rocket as
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compared with control (without green manure). The
highest values of grain and straw yields of barley and
maize were observed with G3 (rocket); 10.53, 20.28 ardb
grain.fed? from barley and maize, and 1.90, 3.80 ton.fed?
straw from barley and maize, respectively.

Table 2. Effect of green manures, phosphorus fertilizer
rates and their interaction on biological yield,
grain and straw yields of barley and maize
crop rotation.

Also, data reveal that biological, biological (grain Barley Maize
and straw) yields of barley and maize significantly  Treatments § - g% 2. % 4 g% 2,
increased with increasing rate of mineral P fertilizer 258 58 >3 5T S& >3
application up to 100% from RD of Phosphorus fertilizer 225 £8 3c €85 §£€ 3¢
(P4) with related increments of (31.16, 39.58 and 25.80%) & ¥ 58 B2 @ ¥ 58 5=
from biological, grain and straw vyields of barley
respectively, and (51.98, 29.23 and 74.32%) from A-Green manures treatments (G):
biological, grain and straw yields of maize over the control ~ G1 2/86 936 166 4839 1664 251
treatments (P1: without P fertilizer). G2 2981 989 179 5626 1828 307
. - L G3 3167 1053 190 6638 20.28 3.80
This results due to phosphorus fertilizer which is | 'spoos 375 0086 0041 1486 0197 0.137
the key nutrient for increase production because it is  F tagt *x * wk Kk Rk ok
involved in root development, stalk strength, flower and  B-Phosphorus fertilizer rates (P):
seed formation, crop production and its quality, N-fixation.  p1 2538 826 155 4424 1577 222
It plays an important role to stimulate biological activities, P2 2908 929 179 5422 17.77 293
N fixation and nutrient uptake in soil and rhizosphere  P3 3137 1062 186 6234 1966 3.48
environment resulting in higher yield of legume crops. P4 3329 1153 195 6724 2038 3.87
Phosphorus application ameliorates the negative effects of ~ L.S.D0.05 553 0189 0052 2298 0049 0216
drought on physiological parameters and has ability to F.test I * il il il
improve yield under water stress conditions (Singh et al,  &-The |ntgrlact|on2li§tgmeen§;l%nd P:l Sk id0 168
2005) =S ' ' . :
Also, these results agree with Sarker and Karmoker o *§ Eg gggg g'gg igg giég ﬁgg gég
(2009), who showed that green manure of Lentil is valued € b4 3088 1047 183 5758 1820 321
for their high protein content, which is double than that in P1 2518 815 154 4422 1597 219
cereals. Also concentrate source of dietary protein. lentil = p5 2939 931 181 5405 17.39 297
contains 59% carbohydratesl.S%, 23.25% protein, oil, (O] % P3 3156 1072 1.87 5053 1926 3.26
0.2% ash and trace of iron, Ca, P and Mg. S P4 3320 1137 196 6723 2048 386
Dawlatabad et al, 2015, studied the effect of green — P1_ 2663 853 164 5154 1696 2.78
manure on soil organic matter and some growth indicesof . € p2 3099 968 194 6449 19.87 3.67
maize in Rafsanjani Region and they found that sowing o é P3 3326 1116 199 7259 21.83 4.20
rocket plant significantly increased leaf area index, ~ P4 3580 1275 205 7690 2245 455
biological yield and crop growth rate of maize 50 days L.S.D0.05 9.7 0328 0328 - 0382 0382
after sowing,. F. test * ** ** NS ™
= 14 m Straw yield ton.fed-1
= 12 >.5
§ 10 :"é S
2 a E 1
i
o ﬁ o
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Fig 1: Effect of the interaction between
green manures and phosphorus fertilizer
rates on barley straw yield
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Fig 2: Effect of the interaction between
green manures and phosphorus fertilizer
rates on barley straw yield
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Fig 3: Effect of the interaction between
green manures and phosphorus fertilizer
rates on mMmaize grain vield ardb.fed
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Fig 4: Effect of the interaction betwesen
green manuring and phosphorus fertilizer
rates on dry stalks of maize ton.fed *

Also in the same Table data show that the
interaction of green manures and P fertilizer rates
significantly affected barley and maize yields. The highest
values of such parameters were obtained by the
interactions of (G2*P4) and (G3*P4). The highest values
of grain and straw barley-maize ardb.fed were resulted by
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the interaction of treatments (G3*P4) with related
increments of 49.47, 32.37% from grain barley and maize
yields; and 25, 63.66% from straw barley and maize yields,
respectively.

Therefore Amanullah and Maimoona, (2007) found
that integrated plant elements management with efficient



El-Dissoky, R. A. et al.

recycling of O.M (organic matter) in combination with
mineral fertilizers is one of the options to increase crop
production. The combination between organic and mineral
sources of elements led to essential nutrients and also has
some positive synergistic relations leading to increase
yields of crop.

The highest barley yield was obtained from
application of 46 kg N + 40 kg P + 50 kg K and 20 t ha'
FYM over the application of 100% recommended rate of
NPK fertilizer alone and the control (Abay and Tesfaye
2012)

Kler et al. (2007) reported that thousand grain

was observed that interactions of (G2* P4) and (G3*P4)

treatments gained the highest value of harvest index % and

1000 grain weight of barley, while the interaction of

G3*P4 was better than the interaction of (G2* P4), it was

gave the highest values of harvest index (42.76 %) and

1000 grain weight (48.51 g) of barley as compared with the

control treatment.

Table 3. Effect of green manures, phosphorus fertilizer
rates and their interaction on harvest index of
barley and maize rotation, 1000 grain weight
of barley and 100 grain weight of maize.

. e / ; Barley Maize
weight v(;las significantly higher when 10 tons of FYM ha'  Treatments Harvest 1000 grain Harvest 100 grain
with 80% of recommended mineral NP was applied on index %  weight(g) index % weight(g)
wheat. ] A-Green manures treatments (G):

Data in Table 3 show that the effect of green G1 40.29 44.96 489 36.70
manures i.e.; rocket & lentils plants, and P fertilizer rates G2 39.73 45.50 45.93 43.10
on harvest index of maize only, 1000 grain weight of G3 39.71 45.94 43.07 43.66
barley and 100 weight of grain maize. Green manure of ~L.S.D0.05 - 01713 14313 03332
lentil plants treatment gained the highest harvest index only ~ F-test _NS .
but non-significant effect on harvest index of barley. Also, EiPhOSphO”‘S fe”"g%erogates (P)ég ’8 1262 2947
data demonstrated that G3 treatment had attained the : : ' ’

. - . P2 38.40 46.55 44.38 40.54
highest values of 1000-grain weight of barley (45.94 g) and 4 40,64 4758 46.42 4166
100 grain weight of maize (43.66 g) as compared with the ~ py 4152 4815 50.45 4294
control treatment (without green manure). L.S.D0.05 091184 00945 17197  0.2916

Harvest index of barley and maize vyields F.test ** * o o
significantly increased with increasing the rate of mineral P C-The interaction between G and P:
fertilizer application up to 15.5kg P,Os fed® (P4). Data = P1 399 38.76 54.63 34.89
showed that P4 treatment had the highest values of harvest — % P2 39.57 46.15 50.98 35.88
index % from barley and maize (41.52 and 50.45%, © g P3 4093 47.11 45.68 37.42
respectively) as compared with the control treatment (P1: — P4 4068 47.83 4431 38.61
without P fertilizer addition). Also, the same treatment had o P 3886 39.29 50.62 4151
the highest value of 1000 grain weight of barley (48.15g) & P2 3813 46.94 45.12 42.85
with related increments of 22.58%, and had the highest g P3 4075 47.67 45.32 4341
value of 100 grain weight of maize (42.94 g) with related IEAi gé-ﬂ gg.gl}(l) Z%gg 2‘21-8‘21
increment of 8.79 % over the control treatment. 2 P> 3749 4746 4317 4290

Also, Data in Table 3 and Figs (5, 6, 7 and 8) reveal 3 § P3 4025 4797 4213 4115
that interaction between treatments understudies had @ : ' : '

L ; . P4 42.76 4851 40.89 45.58
significant effect on harvest index (%) and 1000grain

. L L.S.D0.05 1.5793 0.1643 - -
weight of barley, but non-significant effect on harvest oot * ok NS NS
index % and 100 grain weight of maize. From the data it

— W Harvest index 24 W Harvest index 26
% aa & 60
"'_g a4z g 50
£ o 33
2 38 ; 20
."E 36 E 10
E 34 'E [s]
= 5
x=
Gl{control)| G2 (lentils) | G3 (rocket) Cl({control)|/G2 (lentils}|G3 (rocket)
Fig 5: Effect of the interaction between Fig 6: Effect of the interaction between
green manuring and phosphorus rates on green manuring and phosphorus rates
harvest index 26 of barley on harvestindex 2¢ of maize
= 1000 grain weight of barley (g) 100 grain weight oh maize (g)
—_ 60 . 50
=z -° = a0
E a0 £ 23
= 30 =S 25
g oo g2
QE., 10 § 12
= [a] = O
=] 9929394919293949929394 = F‘ PZF‘BF‘dF‘lF‘ZF‘BF‘dF‘PzPBF‘d
al(cor'ltrcall G2 (Ier'ltlls)GB (rocket)‘ Jl(controlj =2 (Ientlls) (=i=] (rocket}
Fig 7: Effect of the interaction between Fig 8: Effect of the interaction between
Ereen manuring and phosphorus rates green manuring and phosphorus rates
on LO0O grain weight of barley () on 100 grain weight of maize (g)

Similarly, Khalid et al., (2011) reported that
application of 8 t ha FYM with 50% recommended rate

of mineral (NP) resulted in 88% and 55% yield advantage
of wheat through the control treatment and the application
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of 100%
respectively.

This result was in line with that of Lorry et al.
(2006) who reported that application of mineral fertilizers
rapidly releases nutrients during the early growth stages
and the organic fertilizer release nutrients gradually up to
the later developmental stages.

Data in Table 4 reveal that application of green
manures before barley—sowing with mineral P fertilizer
rates significantly affected relative increase percentage
(R1%), phosphorus fertilizer use efficiency (PUE as kg
yield/kg P applied) and recovery of P fertilizer (RPF%).
Data show that the highest RI1% for the biological yield,
PUE and P fertilizer (RPF) of barley was recorded with
interaction of mineral P fertilizer rate P4 (15.5 kg P,Os fed
1 with lentil plants as green manure (G3*P4) where it was
(34.47% , 9.18 and 4.22%, respectively).

On the other hand, data in the same Table show that
the treatment of interaction G1*P4 gave the highest value
of RI for the biological yield of maize, where it was
55.82%. However, the interaction of treatments G3*P2
was attained the highest value of PUE and RPF of maize,
where it was 57.82 and 3.97, respectively.

Table 4. Effect of the interaction between green manures
and phosphorus fertilizer rates on Rl %, PUE
and RPF% of barley and maize yields.

recommended NP fertilizer rate alone,

Treatments Barley Maize
RI% PUE RPF% RI% PUE RPF%
—~ P1 000 000 000 000 000 0.00
—~S P2 1065 519 034 1941 717 049
© § P3 2023 657 036 4851 11.95 087
~ P4 2681 493 037 5582 1031 0.77
- P1 000 000 000 000 000 000
s P2 1637 824 232 2223 1680 0.82
o & P3 2534 851 343 3463 1733 121
~ P4 3186 802 322 5204 2015 146
-~ P1 000 0.00 0.00 0.00 0.00 0.00
) % P2 16.38 872 2.3 2512 5782 397
o £ P3 2494 885 351 4084 3388 229
~ P4 3447 918 422 4920 2407 1.68

RI %: relative increase percentage. ** PUE: phosphorus fertilizer use
efficiency (kg yield/kg P applied. *** RPE %: Recovery of P fertilizer.

Barley-maize components:

Data in Table 5 and Figs (9, 10, 11 and 12)
demonstrate that the uptake of nitrogen, phosphors and
potassium of barley & maize yield significantly affected by
applications of green manures and mineral P fertilizer
rates; where the highest uptake of N, P and K was obtained
with treatments of G3 and P4.

Data show that the highest values of nitrogen,
phosphors and potassium uptake of barley (21.06, 5.70 and
31.92 kg fed?, respectively) were obtained with G3
treatment as compared with the control treatment (G1).
Also, the maximum uptake of N, P and K from of maize
(4056, 11.40 and 29.05) kg fed?, respectively) were
obtained with the treatment of green manure G3.

In the same Table, results show that barley and
maize Yyields uptake of NPK significantly increased with
increasing the application rate of mineral P fertilizer. The
maximum barley and maize yields uptake of N (23.06,
40.76kg fed® respectively), P (5.85, 11.61 kg fed?
respectively) and K (38.06, 32.26 kg fed?, respectively)
were obtained with mineral P fertilizer rate P4.

Table 5.Effect of green manures and phosphorus
fertilizer rates and their interaction on uptake
of N, P and K (kg fed?) of barley and maize
rotation.

Barley Maize
Treatments  N- P- K- N- P- K-
uptake Uptake uptake uptake uptake uptake
A-Green manures treatments (G):

Gl 1872 498 2494 2745 753 20.23
G2 1978 537 2633 2898 921  26.33
G3 2106 570 3192 3478 1140 29.05
LS.D0.05 0.086 0.041 0633 0197 0.137 0.167
F. test * ** ** ** ** **
B-Phosphorus fertilizer rates (P):
P1 1652 465 1574 1832 6.66 17.78
p2 1858 537 2336 2643 879 2349
P3 2124 558 3376 36.05 1044 27.28
P4 2306 585 38.06 4082 1161 3226
LS.D005 0.189 0.052 0464 1339 0216 0.198
F. test * ** ** *% ** *%
C-The interaction between G and P:
=~ P1 1620 438 1417 1633 504 15.22
~S P2 1778 489 212 2426 651 1837
OS5 P3 1996 519 2857 3140 894 2149
= P4 2094 549 3583 3738 963 2586
= P1 1630 462 1563 1723 6.57 18.05
~s P2 1862 543 2253 2503 891 25.06
O & P3 2144 561 3128 3476 978 28.93
=~ P4 2274 588 3587 3890 1158 33.28
- P1 1706 492 1743 2140 834 20.06
™ % P2 1936 582 2633 30.00 11.01 27.05
O 8 P3 2232 597 4143 4200 1260 31.42
— P4 2550 6.15 4247 4573 1365 37.66
LS.D0.05 0.328 - 0.804 2319 - 0.343
F. test el N.S el * N.S el

In general, there was a significant increase in grain
and straw N content or total plant N uptake. In line with
this result, Aziz et al., (2010) demonstrated that root
growth in plants receiving farm yard manure (FYM) was
higher and hence would increase nutrient uptakes. Yassen
et al., (2010) observed that farm yard manure (FYM)
application increased the movement of nutrients between
the solid phase and soil solution which could also be a
reason for the highest nutrient uptakes. The increased
activity of soil microorganisms higher farm yard manure
treatment could have increased nutrient uptake.

This result was also in agreement with that of
Hossain et al. (2010) who illustrated that higher nitrogen
and phosphorus uptakes in rice with farm yard manure
treatment over control and mineral fertilizers alone.

Application of 5t FYM ha* combined with (75%)
recommended rate of mineral NP had significantly the
highest 1000 grain weight, total above ground dry biomass
yield and grain yield of barley. Moreover, the application
of 5 t ha® farm yard manure combined with 75% mineral
NP has resulted in the highest grain, straw and total plant
uptake of both N and P over the other treatments.

The interaction between green manures and mineral
P fertilizer rates (Table 5) and Figs 13, 14 & 15
significantly affected the uptake of N and K. The
maximum uptake of N and K of barley (25.50 and 42.47
kg fed?,) and maize (44.90 and 37.66) respectively were
obtained with the interaction of G3 *P4. Furthermore, data
in the same table showed that, all treatments non-
significantly affected on P uptake.

The release of P and other nutrients from
decomposing green manures residuals may be well timed
with plant uptake, possibly increasing P uptake efficiency
and crop yield. Accordingly, green manures are considered
an important part of farming system as they help in
building soil fertility in the long term and are particularly
useful when growing crops need higher demand of P
(Canali et al., 2010; Achu et al., 2013).
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Fig 15: Effect of the interaction between green manures and P fertilizer
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B- Soil characters
1. Soil fertility

Data in Table 6 show that green manures as lentils
and rocket plants had significant effect on soil content of

available N, P and K. The highest soil content of available
N, P and K (77.9, 26.6 and 737 mg kg?) after barley
harvest were obtained at treatment of lentils as a green
manure (G3). Green manures caused increase in available
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nitrogen , phosphorus and potassium after barley
harvesting from 30.75 mg kg average available N before
sowing to 76.37mg kg? after barley harvesting, P from
5.92 mg kg™ to 26.60 mg kg* and K from 256 mg kg to
737 mg kg . Where, these treatments caused sustainable
agriculture by increasing soil fertility. Also, data showed
that treatment of green fertilization as rocket plants (G3)
had superior effect on available N, P and K after harvest of
maize, which recorded the highest values (46.86, 6.81 and
263 mg kg, respectively) compared with control G1
(without addition).

On the other hand, in respect to phosphorus rates
the highest values of available N, P and K in soil after
barley (81.24, 23.12 and 728.11) were obtained with P4
(15.5 kg P,0s fed?), respectively. On the other hand the
lowest values were obtained with the control treatment
(without mineral phosphorus fertilization). And so on, data
observed that treatment of P4 (100% of RD from P
fertilizer) had superior effect on available nitrogen,
phosphorus and potassium after harvest of maize, which
recorded the highest values (54.87, 7.03 and 277.78 mg kg
! respectively) as compared with control treatments P1
(without addition).

These results agree with Weil and Magdoff, (2004),
who found that organic manures are key material of the
soil physical & chemical properties and crop Yyield
improvement measures because they carry out many
functions in agro-ecosystem.

It is worthy to mentioning that plants of Fabaceae
family have the efficiency to live in symbiosis with
rhizobia that fix free atmospheric N. The use of lentil as a
(green manure) in an organic farm is function by its natural
ability to fix atmospheric N.

As indicated in Table 6 and Figs (16, 17 and 18) the
soil available N, P and K nutrients have been affected by
interaction between green manures (lentils and rocket) with
phosphors rates. After barley harvest, both treatments of
interaction between green manures and all P fertilizer
levels have superior effects on available N, P and K after
harvest of barley and maize. The highest values were
obtained with interaction between lentils as a green manure
with P4 (100% RD from P fertilizer). The highest values of
available N (88.67, 61.90 mg kg™, P (28.67, 7.58 mg kg ™)
and K (891.60, 302.33 mg kg™) after harvest of barley and
maize, respectively were obtained at the interaction of
treatments G2*P4.

Decay of crop residues increases soil O.M (Boehm
& Anderson 2002) and drives the elements return from
plant litter to soil (Snoon and Arshad 2002, upwayi et al.
2005), which determines the availability of nutrients for
plant uptake.

Residual decomposition and phosphorus, potassium
release were all influenced by weather conditions (Talgree
atal. 2014).

Incorporation of green manure crops with P-
fertilizer significantly increased soil content of total N and
P and K compared with weedy fallow which could be
attributed to improving soil with organic materials and
nutrients which produced by green manures decomposition
(Achu et al., 2013; Adesoji et al., 2014).

Also, these results may be due to organic residues
decay is a complex process determined by three main
interacting groups of factors: chemical (composition of the
litter), physical (climate and environment surrounding the
litter), and biotic (microorganisms and invertebrates that
take part in litter decomposition) (Berg & Laskowski
2006). Incorporation of plant residues into the soil
generally stimulates microbial growth and activity. After
decay, the organic phosphorus and potassium bound in the
green manure crop can provide an easily accessible form of
phosphorus and potassium to crops (Eichler-Lo bermann et
al. 2009). In organic farming without possibility to use
animal manure, the most important way to improve the
nutrient supply for succeeding crops are the green manures.

Organic matter decomposition has studied by
Canadian scientists (Lupwayi et al. 2006a and b).

In this admiration, (Abril and Roca 2008) showed
that a significant increase in available P with increasing
application rate of nitrogen fertilizer, might be attributed to
the role of N in mediating the utilization of phosphorus,
potassium in plant. Also, the results can be led to available
P which might be attributed to increase microbial activity
induced by the added OM which speeds up P-cycling
(Melero et al., 2007).

Table 6. Effect of green manures, phosphorus fertilizer
rates and their interactions on available N, P
and K in soil (mg kg?) after harvest barley and
maize yields.

After Barley After maize
N P K N P K
A-Green manures treatments (G):

Treatments

Gl 61.9 1305 287 355 539 208
G2 733 2285 534 439 634 250
G3 779 2660 737 469 681 263
LS.DO0.05 1.03 0.748 376 053 0119 24
F. test ** ** ** ** ** **
B-Phosphorus fertilizer rates (P):
P1 625 1811 335 314 543 209
P2 676 20.38 414 361 6.06 219
P3 728 21.73 600 46.0 6.62 257
P4 812 2312 728 549 7.03 278
LS.D005 135 0508 329 047 0073 18
F. test *%x *%x ** *%x ** **
C-The interaction between G and P:
~ P1 543 1163 154 255 4.40 182
— S P2 575 1341 231 312 522 192
©5 P3 637 1351 272 387 584 218
~ P4 720 1366 493 465 6.14 242
. P1 654 1937 275 339 584 214
~ T‘Q P2 703 2093 282 372 642 228
O P3 744 2380 779 483 692 270
P4 831 2730 800 562 737 289
= P1 678 2333 576 346 605 231
™ % P2 748 2653 730 399 653 236
© g P3 803 2787 749 510 7.09 282
— P4 887 2867 892 619 758 302
LS.D0.05 0.551 0440 21.0 082 0127 32
F. test ** ** ** ** ** **

147



El-Dissoky, R. A. et al.
- RO == P after barlewy m P after maize
1000 35
200 =
by 800 a = % = 22 = o = =
& oo I - = 23 s § ¢ § % ¢
[ G500 g &8 5 & & 8 &2 20 &= = g8
_ g =2 = =2 = = = | = = =
E 283 ] § § 5§ 5§ 8 = 1s £ § § S 5 8
== 200 £ g & F F % 3 =2 > s &8 8 § § §E § % % E
o= 200 o .q g & & § § § = 10 |§ § § § § BE § §8 § § § 8
= 382 g i FE S £ S yyaa1131117Y
10 S S N R nr R R RS EE MEL R R RERR 13 Fd:
P (P2ZIP3PAP 1P 2P F4 P P2IP2PaAPLPZP3Pa P P2P3PA
1 1 1
Gl{control)s2 (lentilsiz3 (rockct Gl{control}|G2 (lentils)|G2 (rocket)
Fig 16: effcet of the intreaction between Fig 17: Effect of the interaction between
green manures and P fertilizer rates on green manures and P fertilizer rates on
available N and K in soil after maize awvailable P in soil of barley maize
harvesting rotation
[ IRV 4
350
o, 300 = =
on = ~
= >so0 : = = = 5
ob =N S = S 2 =
£ % s & § °T § 8§ ¢ ° & © © o
= 100 by % =N % = == % | = = 8 =
= so = S X = X = S TN 0= = =
o
P 1 P2 P3 P4 P1 P2 P3 P4 P 1 P2 P3 P4
Gil(control}) | G2 (lentils) | G3 (rocket) |
Fig 18: effcet of the intreaction between green manures and P fertilizer rates
on available N and K in soil after maize harvesting

2- Soil ECe and SAR:

Data in Table 7 show that the green manure
effectively decreased soil salinity (ECe) and sodicity
(SAR) in the soil (0-45 cm depth). The mean values of EC
and SAR before experiment were 3.82 dSm* and 10.38,
respectively. The highest reduction of ECe values through
the two growing seasons (after harvesting of barley and
maize crops) were recorded under green manure G2
(Lentils) as comparing with other green manure treatments
G1 and G3. EC values after barley crop decreased by 3.14
and 5.76% with G2 and G3 treatments, whereas it
decreased after harvesting of maize crop by 4.71 and
9.42% with G2 and G3 treatments as compared with ECe
before experiment, respectively.

Table 7. Effect of green fertilization on ECe and SAR
of soil, and rate of change before experiment
and after harvesting barley and maize yields.

Ece (dSm™) SAR
Soil depth (cm) Soil depth (cm)

(<5} [<5]

Green 2 2
fertilization o b < 8- o w ¢ 22
Treatments = 2 3 § o829 2 ¥ § S5
© 8 8 ESo § 8 = oS¢

T T

4 4

Before exp. 3.253.894.323.82 ---- 9.5810.5411.0110.38 -----
After one season (barley crop)

Gl 3.36 3.92 4.48 3.92 2,62 9.70 10.48 11.20 10.46 0.80
G2 3.20 3.78 4.12 3.70 3.14 9.41 10.29 10.75 10.17 2.02
G3 3.12 3,62 4.05 3.60 5.76 9.35 10.07 10.65 10.02 3.46

After second season (maize crop)

Gl 3.34 3.87 441 3.87 1.30 9.67 1041 11.12 10.40 0.20
G2 3.14 367 4.11 3.64 4.71 9.38 10.14 10.73 10.08 2.89
G3 3.02 349 3.86 346 942 9.20 9.89 1040 9.83 5.30

In the same Table the results demonstrated that the
decrease percentage in SAR after harvesting of barley crop
were 2.02 and 4.46% for G2 and G3 treatment,
respectively compared with the control treatment. Also, it
decreased after harvesting of maize crop by 2.89 and
5.30% with G2 and G3 treatments as compared with SAR
before experiment, respectively. These results agree with

Abdollah (2015) who showed that green manure had

significant effect on soil EC.

On the other hand, (Mazzoncini and Barberi, 2002)
showed that the use of green manure together with
adequate residue management and crop rotation is crucial
to conserve or increase soil organic matter content,
promote nutrient cycling at farm scale to be benefit for
crops, as increase organic acids which decrease SAR.

3- Bulk density and total porosity:

Data in Table 8 show that sowing of green manures
before barley-maize rotation increased soil porosity and
decreased bulk density. The lowest values of soil bulk
density and the highest values of porosity were recorded
with treatment of green manure G3 (rocket plants) as
compared with control (without green manure) after
harvesting of barley and maize. The lowest mean of bulk
density values was (1.25 kg m?) in first season (after
barley) and (1.24 kg m®) in second season (after maize)
with G3 treatment compared with the control treatment.
The decrease in the bulk density might be due to increase
soil content of organic carbon that improves aggregation of
particles (Othman et al., 2011; Yang et al., 2012).

Table 8. Effect of green fertilization on bulk density
and total porosity of soil before experiment
and after harvest of barley and maize yields.

Bulk density (kg m) Total porosity (%0)

Green Soil depth (cm) Soil depth (cm)
Treame 2 8 % § 9 8 % §
> 8 8 g © 8 8 =
Beforeexp. 1.24 1.31 1.39 1.31 53.20 50.57 47.55 50.44
After one season (onion crop)
Gl 1.23 1.30 1.36 129 53.58 50.94 48.68 51.07
G2 1.20 1.28 1.33 1.27 54.72 51.70 49.81 52.08
G3 119 1.25 131 125 55.09 52.83 50.57 52.83
After two season (maize crop)
Gl 122 129 134 128 5396 51.32 49.43 51.57
G2 1.18 1.26 1.33 125 5547 52.45 49.81 52.58
G3 116 1.24 132 124 56.23 53.20 50.19 53.20

On the other hand, the highest value of total porosity
% was 52.83% after barley harvesting, and 53.20% after
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maize harvesting at green manure treatment G3 as compared
with the control treatment. Application of inorganic NP in
combination with FYM is known to improve various soil
physico-chemical properties like water holding capacity,
porosity, soil organic carbon, total N etc. resulting in
enhanced nutrient absorption or uptake (Pandey et al., 2007).

Also, these results could be due to soil bulk density
increase soil content of organic carbon that improves
aggregation of particles (Othman et al., 2011; Yang et al.,
2012).

Also, green manure might be decrease soil pH and
bulk density, as well as increase soil OM and soil
microorganisms in a tobacco field (Liu et al., 2006). Crop
residues and green manure improve the soil chemical and
biological properties (Shahz and Rahman 2010; Ziblim et
al., 2013).

CONCLUSION

It can be concluded from the previous showed
results that application of green manures as i.e. lentil or
rocket plants before sowing barley (in winter season) had
positive significantly effect on use efficiency of mineral
phosphorus fertilizer, barley yield and its uptake of nutrient
NPK and soil fertility, that had also a residual significant
effect on maize yield and its nutrient content in summer
season. The interaction of green manures (lentil or rocket)
with inorganic phosphorus fertilizer at a rate of 11.25 kg
P,Os fed? (75% of RD) significantly maximized barley
and maize yields and phosphors efficiency as compared
with treatment control of without green manure and
phosphorus fertilizer rate of 15.5 kg P,Os fed® (100% of
RD). So, the study recommended by application of green
manures as i.e. lentil or rocket plants before sowing barley
in winter season.
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