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ABSTRACT

One of the major problems of N fertilization is the determination of the correct amount to
be used in order to increase crop production and to avold unnecessary environmental effects. A 2-
year field study was conducted to assess the dry seeds yield response of pea cultivar (Lincolin) to
N fertilization (No = 0, Ny = 48 and N2 = 86 kg N ha™") under organic manuring (Oo = 0 and O, =60
m’ha") and rhizobium inoculation gRo and Ry). Soll application of mineral N at the rate of 48 kg N
ha™' (N,) combined with 60 m® ha™ (O) organic manuring to the inoculated seeds produced the
highest significant vaiues of dry seeds yield and yieid components. e

Polynomial quadratic models were developed and used to describe peas dry. yield
responses. Four polynomial equations were established to express the relationship between dry
seeds yield and application rate of N fertilizer under organic manuring and rhizobium inoculation
for each season. The calculated yieids in the two seasons , closely ,approximated experimental
yields as evidenced by the highly significant value of coefficient of determination (R’). The
equation constants were used to caiculate optimum rates of N fertilizer (Nox) and the
corresponding optimum yields (Yoe) for all the treatments. Nitrogen rates of 64 and 53 kg ha™
along with organic manuring (60 m® ha™) and rhizobium inoculation were found optimum to
produce 2492 and 2462 kg ha™ dry seeds in the first and second seasons respectively. The net
refurns were maximized as a result of applying such optimum N rates.

INTRODUCTION

Nitrogen fertilization has an important role in enhancing growth and
development of many different vegetable crops. However, the excessive use of
inorganic fertilizers represent a major factor of crop production cost and lead to
environmental pollution (Fisher and Richter, 1984). It is documented that
artificial fertilizers have a pollutant effect un the soil and plants and
consequenily on the human health.Owing to that, the scientists are looking
forward to substitute partially the artificia fortilizers with natural ones like organic
fertilizers and biofertilizers for clean and safe organic production.(Verma, 1890;
Borin et al, 1987, Seesahai and Ferguson, 1997 and Osman ,1998).

Peas (Pisum sativum L.) is one of the popular and important winter
vegetable crops in the Mediterranean region (Smart, 1990). Pea seeds, fresh or
dry, have a high nutrtional value due its high contents of proteins,
carbohydrates, vitamins and minerals. In addition pea is.the predominant export
crop in world trade and represents about 40% of the total trade (Oram and
Agcaoili, 1994).However,a very little information is -available concerning yield
response of peas to nitrogen fertilization in the presence of organic fertilization
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and / or rhizobium inoculation. Responses are often expressed as mathematical
models that describe the data well and aid in defining the optimum fertilization
that results in the optimum crop yield, without risking over-fertilization.(Cerrato
and Blackmer,1990).

The objectives of the present study were:(1) to evaluate dry yield
responses of the pea cultivar lincolin to nitrogen fertilization under organic
manuring and rhizobium inoculation , and (2) to quantify crop-yield relationships
with joint nitrogen fertilization, organic rqanuring and rhizobium inoculation;
using the polynomial quadratic model. :

MATERIALS AND METHODS

Two field experiments were conducted in the two successive winter
growing seasons of 1999/2000 and 2000/2001 at the experimental farm of the
Faculty of Agriculture, Alexandria University. The soil of the experimental site
was clay loam, and its physical and chemical characteristics of the soil
illustrated in Table (1),were determined before sowin;according to the methods
reported by Page et al.(1982). )

The experimental lay out was split-split plots in a randomized complete
blocks design with three replicates. Organic fertilizer factor occupied the main
plots (60 m° ha™ and a control without treatment); whereas, Nitrogen rates (0,
48, and 96 kg N. ha™) were assigned at random in the sub-plots and seed
inoculation treatments (with or without nitrogen fixing bacteria of the genus
Rhizobium).were arranged in the sub-sub plots . Each experimental unit was 8.2
m? and contained 3 ridges 4m long and 70cm wide. Seeds of the pea c.v.
lincolin were inoculated just before sowing with the biofertilizer and the
uninoculated seeds were involved as a control. Nitrogen fertilizer rates were
applied in the form of ammonium nitrate (33.5% N) and were added , as two
equal parts, at 256 and 35 days from sowing. Cattle manure, used for organic
fertilization,was broadcasted and incorporated into the soil before planting.
Chemical properties of cattle manure are summarized in Table 2. At harvesting
time, dry pods were harvested and the following measurements were recorded:
number of dry pods plant™, weight of seeds pods™, weight of 100 seeds (g) and
dry seeds yield, expressed as kg ha™. All obtained data were statistically
analyzed according to Snedecor and Cpochran (1880) and means were
compared using L.S.D. test. M-state computer program was employed.

RESULTS AND DISCUSSION
The Main Effects of Organic Manuring and Biofertilizers:

Application of organic manure at a rate of 60 m® ha significantly
enhanced dry seeds yield, number of dry pods per plant, weight seeds per pod
and weight of 100 seeds as compared to untreated treatments in both seasons

Vol. 8 (4), 2003 768



J. Adv. Agric. Res.

(Table,3). Such an enhancement was probably due to improvement of physical
soil properties and nutrients status in the soil (Bhata and Soukla, 1982).
Increasing crop yield due organic manuring was also reported by many
“investigators (Borin etal.,1987; Seesahai and Ferguson,1997;0sman,1988 and
gabr,2000)

Inoculation of pea seeds with rhizbium caused significant increases on
pods number, weight of seeds per pod, weight of 100 seeds and dry seeds yield
in both seasons (Table,3). The improving effect of inoculation on dry seeds yield
of pea plants can be explained in terms of improving N nutrition ‘and/or

- production of phytohormones (Lazarovits and Nowak, 1987;Noel etal.,1996).

The Main Effect of Mineral Nitrogen:

Addition of chemical nitrogen fertilizer at the rates of 48 or 96 kg N ha-1
increased significantly dry seeds yield and yield components. Adding 48 kg N/ha
have resulted in 38.6,19.8,10.5 and 66.7% increases, in the first season and
36.0,19.6,9.9 and 60.9% increases, in the second season for number of dry
pods /plant, weight of seed/pod, weight of 100 seeds and dry seeds yield
respectively. The corresponding increased values; as a result of adding 96 kg
~ N/ha; were 33.4,17.9,5.0,and 53.9% of the control in the first season and

20.7,16.9,9.2 and 40.1%, in the second season, respectively. Such increamerits
might be attributed to the role of nitrogen in encouraging plant growth through
the stimulative effect of the meristematic activity of tissues that lead to a more
active photosynthesis .The obtained results are in accordanc with those of
Shahien(1996) and Kalyn et al.(1996).However, the comparison between the
two nitrogen levels, 48 and 96 kg N ha™, reflected a reversal effect for the high
N level on seeds dry yield and its components; except for the weight of seeds
/pod, in which such a reduction appeared insignificant in both seasons. The
reversal effects might be attributed to an unbalance in nutritional soil solution
caused by the high level of N fertilizer. Farrag et al.(1893) and AboBakr et al.
(1993) reported that adding nitrogen fertilizer ot a rate of 25kg/Fed was more
effective in increasing dry pod yield of pea, as compared to using 50 or 75 kg
N/Fed.. Also,Chamberland (1882) and Davies et &l.(1985) found that peas
responded better to the lower rates or ctarter N fertilizer than the higher N
fertilizer rates.

Interaction Effects Between Organic Manure and Mineral Nitrogen.

The data, presented in Table (4), reflected the effects of the first-degree
interaction between organic manure and nitrogen fertilization levels, ondry seed
yield and its components in the two growing seasons.

The comparisons among the means of the six treatments combinations,
illustrated that application of organic manure along with 48 kg N ha™ resuited
significantly in the highest values for dry seed yield and its components, in both
seasons This could be due to the additional supply of N and other nutrients
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through organic manure (Holanda et al., 1986). Singh et al. (1988) showed in a
laboratory incubation study, that net release of mineral N from farmyard manure
occured. after 3-4 weeks, so the initial N requirements of pea plants were
therefore met from the mineral N application.The reported Lower yield values
from using the combination of organic manure and the rate of 86 kg N ha™ could
be explained as reported by Ayisi et al. (2000), who found that nitrogen fertilizer
in excess increased vegetative growth but the harvested yield of cowpea was
decreased.

Interaction Effects Between Orgal'ﬂc Manure and Biofertilizers.

The detected interaction effects of the combined treatments of organic
manure and rhizobium inoculation on yield parameters are shown in Table (4).
The differences occurred among the various treatments were found significant
in both seasons. The combined effect of rhizobium inoculation in the presence
of organic manure reflected the highest values for all studied yield parameters in
the two seasons. This could be due to the efficiency of organic fertilizers and its
mineral contents in enhancing the microbial activities in the soil (Estefanous
etal.1997), which encouraged nodules formation and, consequently increase N
fixation. A similar trend for organic manure effect was reported by Vogtman and

Frick (1989); Ahmed et a. (1897); and EFAraby et al (2003).

Iinteraction Effects Between Nitrogen and Biofertilizer.

The comparisons among the means of various treatment combinations
of the Biofertilizer (rhizobium) treatments and the nitrogen fertilization levels on
dry seed yield and its components are illustrated in Table (4). The resuits of the
two seasons indicated that means of all studied characters increased within the
freatment combinations involving sded inoculation as compared with
uninoculated treatments. Soil application of N at the rate of 48 kg N ha™ to the
inoculated seeds produced the best interaction effect among the different
combinations on ail studied characters, in both seasons. These data are in
accordance with that of Eaglesham et al. (1983) and Dart and Wildon (197C)
who reported that addition of low levels of N fertilizer had beneficial effects on
cowpea and soybean. Also; many investigators, working on cowpea reported
that high levels of N fertilizer were found fo reduce biologically fixed N (Allos and
Bartholomew, 1959), nodule number (Dart and Mercer, 1865) and nodule
growth (Summerfield et al., 1977).

Interaction Effects Among Organic Manure, Nitrogen Fertilization
and Biofertilizer Inoculation.

The comparisons among the means, reflecting the effects of the second
order interaction among all studied factors showed that the different studied
parameters of yield componenis, as well as total dry seed vyield, were
significantly affected as a result of such an interaction (Table 5). It is evident that
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the application of 48 kg N ha™,in the presence of organic manure, besides the
seed inoculation with N fixing bacteria gave the highest values of dry seed yield
ha* and all its components. Davies et al. (1985) obtamed similar resuits working

also on peas.
Polynomial Quadratic Models.

The polynomial quadratic model, used to describe peas yield response
to nitrogen increments under organic manure fertilization and rhizobium
inoculation in the two successive winter growing season, was in the form:

Y, = BQ+B1X|:EBzX 1)

Where: Y, is the expected yield corresponding to nutrient rate X,
B; is the intercept, and B; and B; are the linear and quadratic
coefficients, respectively.

The method of the least squares using the experimental resuits was
used to calculate the values of B, , B; and B, in the polynomial model. Thus 4
polynomial quadratic modeis were established to express the relationship
between dry seeds yield and application rate of N fertilizer under organic
fertilization and rhizobium inoculation for each season (Table 6 and Figs 1 & 2).

The calculated yields in the two seasons, closely, approximated the
experimental yields as shown from the highly significant value of determination
coefficient (R = 0.96) in Fig.(3).

The Economical Optimum Rate of N application (N gp¢.)

The optimum rate of N fertilizer application (Noy) was calculated by
differentiating Y in Eqs 2-9; with regard to N (dY / dN) and equating with the
ratio of price of fertilizer Unit to price of crop unit. (Table,7).

The local price for a unit of N fertilizer (48 kg N) was 120 Egyptian
pounds (EP) and the local price & 1 kg of dry seeds of peas was 10 Ep.
Therefore, the values of the Nou .in 1999/2000 season,were 1.61, 1.43, 1.38
and 1.34 units of N ha'at Oy R, , Oo Rs, Oy Ro and O4R, treatments; whereas
the corresponding Nopt Values, for 2000/2001 season, were 1.55, 1.26, 1.22 and
1.11 units of N ha™ respectively (1 N unit = 48 kg N ha™).

The Optimum Yield (Yop.).

The corresponding optimum yields were calculated by substituting the
values of N in eqs. 2-9 (Table 6). The obtainable optlmum yields of dry seeds
were 1512.92, 1890.17, 2162.82 and 2492.05 kg ha™,in the first season, at O,
Ry, Op Ry , Oy Rp and Oy Ry; while, in the second season the correspondmg
optimum yield values were 1716.9, 2269.32, 2391 22 and 2482.62 kg ha
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respectively. The calculated Yoy values tended to increase as a result of
organic manuring and rhizobium inoculation (Table,7).

Net Returns of Peas Dry Seeds Yield Under Nitrogen Application
and Bioorganic Fertilization, In 1999/2000 and 2000/2001 Seasons.

Net retums from optimum yield of dry seeds of peas received optimum
level of nitrogen fertilization in the two seasons, were calculated and are
presented in Table (7). It is evident that the net retums obtained by adding
organic manure associated with biofertifizer inoculation were the highest in both
seasons.

‘The net retums rating, as a result of adding organic manure and /or
biofertilizer along with mineral N fertilization, could be assigned as follows:

O, Ry > O Ry > Op Ry> Op Ry, So it could be concluded that applying
organic manure, together with the plant growth promoting biofertilizer, is
considered a step towards reducing mineral nitrogen fertilizer and
accomplishing the concept of bio-organic farming needed to get clean and safe
products for human and animal consumbhon

Efficiency of N Fertilizer To Reach Optimum Yield.

Capurro and Voss (1981) established the following equation to calculate
the nitrogen efficiency at Ny for the range of Y values from an actual yield (Y,)
to the optimum yield You:

EN, =B, + 2 B, Ni, and ENgx = %2 (EN, + Pr).

Where: EN, is the nitrogen efficiency of actual yield Y, and nitrogen increment
N, while, Pr is the price ratio (N unit price: yield unit price). The values
obtained for EN,,,; Using B, and B, values ( from ec1|s 2-9) were 433.26,
551.86, 684.34 and 792.94 kg peas dry seeds unit” ha™!, with the ratio of
1: 1.28 : 1.58 : 1.83 in the first seasons at Op Ro, Op R4, 01 Ro and O¢ R,
while the corresponding values in the second season, were 486.65,
697.86, 796.04 and 791.44; with the ratio of 1: 1.41:1.60: 1.59
respectively. It is clear that the efficiency of nitrogen fertilizer was
increased with addition of biofertilizer or/fand organic manure, in both
seasons, due to the improvement of some physical and nutritional
properties of the soil under the present experimental conditions
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Table 1. Physical and chemical properties of the experimental site.

Organic N P ‘
Cia Siit Sand K
y an matter pH dg:_,

% mg ke’
38.60 16.81 44.59 127 7.8 33 16 12 256

Table2. Chemical properties of cattle manure used during the winter seasons of

1999/2000 and 2000/2001.
Seasons pH oM N P K
%
1999/2000 8.08 15.75 0.98 0.49 0.98
2000/2001 8.02 18.26 0.6C | 0.39 | 1.21
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Table 3. Main effects of nitrogen, organic manure and rhizobium inoculation on
dry seed yield and its components of pea plants in 1999/2000 and
2000/2001 seasons

Weight of

No. of d Weight of 100  Dry seed yield
Treatments pods / plglt seed(sg ; pod segeds (g) rykg hax
1999

_Organic Manure
Without 16:49 B* 1.12B 156.70 B 1355.46 B
With 20.12 A 1.26 A 16.77 A 1843.68 A
Bio Fertilizer
Without 1743 8B 1.148B 15.75B 1463.29 B
With 19.18 A 1.24 A 16.71A 1735.86 A
N levels (kg ha™)
0 14.86 C 1.06 B 1544 C 1140.62 C
48 20.60 A 1.27A 17.06 A 1901.61 A
96 19478 125A 16.21 B 1756.49 B

; 2000

_Organic Manure
Without 17.15B 1.16B 16.63 B 1582.558
With 19.97 A 1.25A 17.73 A 1984.53 A
Bio Fertilizer :
Without 17478 1.17B 16.86 B 1634.64 B
With 19.65A 1.24 A 1749A 1932.45 A
N levels (kg ha™)
0 15.67C 1.078 16.15C 1334.16 C
48 21.31A 1.28A 17.75A 2147.03 A
96 1891 8B 1.25A 17.63 B 1869.44 B

*Values having a similar alphabetical letter, within a comparable group of means, do not significantly differ
from one another, using the revised L.S.D. test at 0.05 level
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Table 4. Effects of first degree interaction of organic manure, nitrogen fertilization and rhizobium inoculation on dry
seed yield and its components of pea plants in 1999/2000 and 2000/2001 seasons.

1999 / 2000 seasons 2000/2001 seasons
Welght of Weight of Weight of Weight of
treatments No. of dry seeds / pod 100 seeds Dry seed K} No. of dry seods /pod 100 seeds Dry seed
Pods / plant ) yleld kg ha” Pods/ plant yleld kg ha*
" —8 o) (a) (o)
Organic manure x Nitrogen
Oo No 13.47 ¢* 0.98d 14.88d 058.38 § 14.14 e 1,140 18.70 f 116764 1
Og Ny 18.05¢ 1.21b 16.20b 1577.13d 19.88 b 1.32b 16.85d 1879.981 ¢
Og N2 17.98¢ 1.18 be 83 ¢ 1532.88 ¢ 17687 ¢ 1.34b 7.33¢ 1700.12 4
O 16.25d 113¢ 00 ¢ 132486 o 16.80 d 124 ¢c 1661 e 1500.68 e
O; Ny 2315a 134a 82 8 2226.08 a 22,968 146a .65 & 2414158
OyNz_ 2098 b 1.31a 1649 b 1960.1 b 20.15b 1.40 ab 1793 b 2038.77 b
Organic manure x Rhizobium
OoRo 15.47d 1.06 d 15.18¢ 1197.24 d 15.38d 122¢ 16.19d 1365.45 d
Og Ry 17.52¢ 1.19¢ 16.22b 1513688¢ 1883¢ 131b 17.08¢c 789.85¢
0 Ro ~_19.40b 1.226 18.33b 1720.33 0 19.56 b 1.34 b 17.53b 903.83 b
Ry 2085 a 1.30¢ 17218 1958.03 a 20.38a 1.39a 17928 2085243
Nitrogen x Rhizoblum
NoRo 14.00 ¢ 1.00d 15.04 d 1018.77 § 13.96 ¢ 147¢ 15.80 ¢ 1182.79 e
NoRs 18.72d 1.11¢c 584 ¢ 1264.46 ¢ 16.97 d 21¢ 16.42 ¢ 1485.54 d
NiRo 18.41 be 1.23b 164b 1733.67¢ 20.25b 33b 17.23d 348.42 b
NiRy 21708 1.32a 17.71a 2069.55 2 22378 488 18268 583.76 &
NiRg 18.90¢ 1.20b 83 ¢ 163943 d 18.20¢ .35b 1747¢ 1772.71¢
NzR: 2004 b 1.30A 16.50 b 873.56b  19.63b 1.39ab 17.79b 1968.18 b
‘V;h;smhmlmlmmwm Mawwbmdmm dono\slonlﬂuwdmm«nm ther, using the revised L.S.D. test 8t
X Organic manure rates (m® ha''):0, = without and O, = 60m*he™ *
Y Mineral nitrogen rates (kgN m')‘x No=without Ny =48 and Ny= 98 kg N ha'"
 Biofertiizer inoculation : RO suninoculted #nd R1 = Inoculsted with rhizobiun.

"say "ouby ‘Apy
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Table 5. Effects of the second degree interaction of organic manure, nitrogen fertilization and rhizobium
ndeulation on dry seed yield and its components of pea plants in 1999/2000 and 2000/200% seasons.

1999 / 2000 seasons 2000/2001 seasons
Welght of Welght of Dry seed Welghtof  Welghtof Dry seed
Treatments  No. of dry No. of dry
pods / plant Seeds/pod 100 seeds kyhhm“ pods / plant Seeds /pod 100 seeds yleld_‘
kg ha kg ha

Re™ 12031 0.94 h 14.30 9 814.4 h 11.66 h 1131 15.34 | 848,401
Op No Ry 1491 h 1.02¢g 1546 e _ 1008.38 9 16.611g 1.161 16.06 | 1386.88 h
OoN{Ry 16,84 I 1148 15.76 of 137894 ¢ 18.02 de 1.22 def 18.021 158307 {
Og Nt Ry 19.20cd 1.28 be — 18383 b 775.32d 21.30b 1.42 ab 17.67d ___2178.74¢
754 of 111 ef 15.40¢ 1398.39 184610 1,32 bede 17211 564.86 1
Op Nz Ry 8.38de 1.26¢ 16.37cd ___ 1667.38 18.88d 1.35 bed 1745e 183537 ¢
Oy 15.97 gh 1.081g 15.77 ef 1210151 18.27g 1.21 ef 1644h 141717 g

"0y No Ry 1652 fg 1.20d 16.22 de 1430.57 o 17.33 ef 1.27 cdef 16.78 g 1584.2 1
Oy Ny Rg 2197b 1.32 8b 17.04 b 2088.39 b 22.47 & 1.43 ab 1844b___ 2313.77b
Oy Ny Ry 24322 135a 18.59 8 2363.75a 23.44 a 1498 18858 2514548
O1 NaRo _ 2025 ¢ 1.20 be 16.16 de 1880.46 ¢ 19.93 ¢ 1.38 abc 17.73d____1980.55d
O1NaRy_ 21.70b 133 ab 18.81 be 2079.76 b 20.37 be 1.43 ab 18.12¢c___ 200688¢

* Values having a similar alphabetical letter, within a comparable group of means ,do not significantly differ from one ancother, using the revised L.S.D. test at

0.05 lavel .

¥ Organic manure rates (m® ha™'):0p = without and O, = 60m*ha™ -
Y Mineral nittogen rates (kgN ha''): Ny=without N, 248 and Ny= 98 kg N ha™
X Biofertilizer inoculstion : RO =uninoculted and R1 = inoculated with rhizobium,
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Table 6. The polynomial quadratic equations expressing peas dry seed yields as
affected by N fertilization under organic manure and rhizobium
inoculation in 1999/2000 and 2000/2001 seasons.

Treatment Polynomial Quadratic Equations

Season 1999/2000

O Ry Y =814.4 + 854 .51 x — 261.27x* (2)

Oo Ry Y = 1098.4 +1091.71x — 376.24x* (3)

0O:1Rp Y =1219.1 + 1356.67x — 487.53x% 4)

O, R, Y = 1430.6 +1573.88x —~ 583.4x2  (5)
Season 2000/2001

Oo Ry Y =948.4 + 981.3x ~ 313.11x* (6)

Oo Ry Y = 1386.9 + 1383.71x — 542.36x° )

O Ry Y = 1417.2 + 1580.08x — 640.74x®  (8)

0O, R, Y = 1584.2 + 1570.88x — 702.26x>  (9)

Oy Ro = No organic amendment and No inoculation.

Oy Ry = No organic amendment and rhizobium Inoculation.

O; Ro = organic amendment (60 m® ha™') and No inoculation.

Os Ry = organic amendment (60 m* ha™) and rhizobium inoculation.

Table 7. Values of optimum rates of N fertilizer, optimum yields and net retumns
for peas cultivar (lincolin) under organic manure application and
rhizobium inoculation in 1999/2000 and 2000/2001 seasons.

Treatments Nowt (Nunits ha™) Yo (kgha™)  Netretun (EP)

1999/2000
Oo Ro 1.61 1512.92 14936
O Ry 143 1890.17 18700
O Ro 1.38 2162.85 20263
O Ry 1.34 2492.05 23530
2000 / 2001
O R 1.55 1716.9 16983
O Ry 1.26 2269.32 22512
O Ro 1.22 2391.22 22566
O, Ry 1.11 2462.62 23263
Price of 1 kg of peas dry seed = 10 EP. EP= Egyptian pound

Price of a unit of nitrogen fertilization (48 kg N) = 120 E.P
Price of apackage of biofertilizer inoculation for 1 ha = 30 EP.
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- Fig.1. Dry seed yleld response curve of peas cultivar { lincolin ) to mineral nitrogen applied
under two levels of organic manure and biofertilizer Inocuiation during the season of
1999/2000
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Fig.2. Dry seed yleld response curve of peas cultivar ( lincotin ) to mineral nitrogen applied under
two levels of organic manure and biofertliizer inoculation during the season of 2000/2001
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