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10- Brassica campestris L. var.sensulato
11- Brassica campestris L. var. rapa

12- Guizotia abyssinica

13- Phacelia tanacetifolia

14- Boraginaceae

15- Trifolium alexandrium

16- Avena sativa L.
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6- Raphanus sativus

7- Brassica napus L. var napus

8- Brassica campestris L. var.sensulato
9- Brassica napus
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7- Nitrogen physiological efficiency
8- Nitrogen Recovery Efficiency

9- Nitrogen Harvest Index

10- Solanum tuberosum L.
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1- Avena sativa L.

2- Triticum aestivum L.

3- Oryza Sativa L.

4- Zea mays

5- Beta vulgaris L.

6- Nitrogen Agronomic Efficiency
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1- Pisum sativum L.
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Table 1- Results of soil tests implementation of experimental site

SEEE il o 097 (Ao sl S g9 o
Soil depth . ’ OwassIuM - Nitrogen Organic . 1y  Phosphorus
(cm) Soil texture (ppm) ) Carbon (%6) (pH) s EC(dSm™) (ppm)
0-30 o o 760 0.11 1.06 7.90 0.58 10.5

Silty-Clay
31-60 i ? 420 0.07 0.76 7.85 0.58 4.4
Silty- Clay
S Gos > (o gate (49 $2b pogase (9 9 o o
Soil depth Actual specific weights Apparent specific weights zinc Copper Iron
(cm) (gem®) (gem?) (ppm) (Ppm) (%)
0-30 2.66 1.43 0.48 1.4 8.7
31-60 2.66 1.65 0.34 1.01 8.6
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Table 2- Analysis of variance different plant species studied

Ol o Sle Mean square
SOV L HECSH
(df) g o )d I s ool N ielom 3 Slas
Percent protein  Total dry matter  Biological yield
‘ .
R ;)St 3 12.139™ 954922 " 165379626 ™
eplication
)Lo-:f PLl * EES
Treatment 4 22.228 4211174.8 82875925
reatment
T t’w 12 864995.7 98432412
€St error
S ; 15.92 16.95

Coefficient of variation

** *

Mo pd S g g Jloin] aw 53 )b xe g )b xe pE i S FFg* (s
*Significant at 0.05 probability level. ** Significant at 0.01 probability level.ns non-significant.
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Table 3- Mean comparisons of different traits at different pre-sowing plants

. S ool o ddgle 5 Slos
T o9 v e 409l 2,5
Descrintion Percent protein Total dry matter Biological yield
P P (kg ha) (kg ha')
Perko oSy 20.98 abc 71475 a 69586 a
Buko o5’ 23.36a 5598.7 be 67408 a
Clover muwy jdud 19.28 be c4937.2 ¢ 38464 b
e 8 g Ll el 22.36 ab 4866 ¢ 47950 b
Ramtil, Phacelia, Clover
Oilseed radish (g, 45,5 17.96 ¢ 6664.4 ab 69164 a

)85 Sl (laseld six g0l 5 olimul b ()ls gxe BMS] S e By S JBlus (> sla ke giw pa
Treatment with the same letters don’t show significant differences by Duncan multiple range test in each column
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Figure 1- Nitrogen Agronomic Efficiency (NAE) affected by different crop rotation
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Figure 2- Nitrogen Recovery Efficiency (NRE) affected by different crop rotations
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Table 6- Analysis of variance for grain yield, total nitrogen uptake, nitrogen agronomic efficiency, Nitrogen physiological
efficiency, Nitrogen Recovery Efficiency and nitrogen harvest index
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e L-' 5 *k * *
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Fertilizer (B)
0595 ok X gl . .
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Interaction (A*B)
Sy o
Coefficient of - 3.46 23.7 12.4 23.5 21.8
variation
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*Significant at 0.05 probability level. ** Significant at 0.01 probability level. ns, non-significant.
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Table 7- Mean comparisons of nitrogen agronomic Efficiency (NAE), Nitrogen physiological efficiency (NPE), Nitrogen

Recovery Efficiency (NRE), Total nitrogen uptake (TNU, N harvest index (NHI) of wheat at different crop rotations and N

application rates

T ol <l 2,8 =) =hi b g
Description Cadls Ojor S99 e Ol @i 05
e e NRE (%) R NAE IXW)
QI9r Q9 (kg ha'l)
NHI (%) NPE TNU
(kg ha™) (kg ha)
P il 79.38 b 5.63b 39.86 a 7.47 ab 90.31b
Wheat: Fallow
puS 195
Wheat: Perko 85a 36.98 a 26.87 a 18.47 a 162.99 a
PS5y 86.5a 3.58a 3478 a 6.67b 1722 a
Wheat: Buko
PAS ooy e
Wheat: Clover 83.34a 40.84 a 26.14 a 17.07 a 133.73 b

P e 2 yoasd dloliaold ¢ el

’ . 83.6a 29.04a 30.09 a 9.46 ab 142.85 a
Wheat: Ramtil, Phacelia,Clover

£ 9‘9’ B ) 84.48 a 4537 a 30.15a 20.36 a 145.82 a

Wheat: Oilseed radish
(L3 355 0gs) 2l 83.74 ab ; - - 100.59 ¢

Control (no fertilizer)

o 5| yieS T
Poflas >l 1S . 84.57 a 29.01b 36.44 ab 17.86 ab 120.04 b
50%lower than recommended rate

Oigrad osllan > 83.93 ab 53.77a 57.05a A22.06 170.42 a

Recommended rate

Cgllae d> I it 7
50%more than 82.65b 40.91 ab 31.76 b 13.07b 174.19 a
recommended rate
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Treatment with the same letters don’t show significant differences by Duncan multiple range test in each column
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Introduction

There are about 160 species in Brassica genus, which are mostly annuals and biennials. The plants in this
genus have potential for fodder uses. The progress in plant breeding science has produced new crop varieties for
oil and forage usages. Perko varieties are derived from crosses between tetraploid plants of winter rapeseed
(Brassica napus L.Var. napus) and Chinese cabbage (Brassica campestris L. var. sensulato). The new plants are
superior to their parents from various aspects. Buko varieties are new amphiploid plants obtained by crossing
between tetraploid winter rapeseed, Chinese cabbage and turnips (Brassica campestris L. var. Rapa). Oilseed
radish with scientific name (Raphanus sativus L.) is a genus of the Brassica and consumption, oil, green manure,
feed and fodder (24). This plant in many countries, including Canada, is cultivated in gardens as cover crop.
Oilseed radish grows fast in the cool seasons. Ramtil (Guizotia abyssinica) belongs to the Compositae family,
Phasilia (Phaceli atanacetifolia L.) belongs to Boraginaceae family and clover is from Fabaceae family that is
grown for feeding purposes.

Materials and Methods

A field experiment was conducted from 2011 to 2012 in the Karezan region of Ilam, Iran (42°33'N, 33°46'E)
on a silty-clay with low organic carbon (1.26%) and slightly alkaline soil (pH=7.9). This site is characterized as
temperate climate with 370 mm annual precipitation. The experiment was arranged in a split plot based on
randomized complete block design with four replications. The main plots consisted of 6 pre-sowing plant
treatments (control, Perko PVH, Buko, Clover and Oilseed radish and combination of three plants Ramtil,
Phaselia andclover), and sub plots covered four N fertilizer rates including no fertilizer N (Control), 50% lower
than recommended N rate, recommended N rate and 50% more than recommended N rate. Winter wheat (cv.
Pishtaz) was sown on mid-November with the row spacing of 15 cm and a seeding rate of 200 kg ha™. Soil
samples were collected after harvest of each crop from 0 to 30 cm and 31 to 60 cm soil depths using a soil auger.
Wheat grain yield (according to 14% moisture) obtained by harvesting the central area of 3 in 10 m in each
plot. Yield components were determined from two randomly selected areas (2m?) within each plot. Plant samples
collected at harvest were separated into grain and straw and oven-dried at 60°C for 72hr. Biomass and grain sub
samples analyzed for total N content using a micro-Kjeldahl digestion with sulfuric acid. The terminology of N
efficiency parameters was considered according to Delogu et al, (11) and Lopez-Bellido & Lopez-Bellido, (22),
Rahimizadeh et al. (30), Limon-Ortega et al. (20) methods.

Results and Discussion

The results showed that there were highly significant differences (P < 0.01) in forage yield. There were also
significant differences (P < 0.05) in total dry weight, protein content and protein yield between treatments. Perko
varieties produced higher fresh and dry matter yield with 69,586 (kg ha™) and 7147 (kg ha™), respectively
compared to other varieties. Buko varieties showed greater protein percentage with 23.36 compared to the rest of
the varieties. The highest and lowest grain yield, with 8345, and 4491 (kg ha) were obtained for Buko; wheat
rotation and fallow, wheat rotation, respectively. The highest and lowest nitrogen uptake was obtained for Buko;

wheat and clover, wheat rotation, respectively. The differences between the rotations were significant for various
agronomic nitrogen efficiency. The rotation of oilseed radish and wheat showed greater nitrogen economic
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performance with 36.20 kg ha'. By increasing nitrogen rate agronomic performance decreased with the
exception in fallow- wheat. Physiological efficiency of nitrogen in fallow-wheat rotation was more than 39 (kg
kg") of nitrogen. The maximum efficiency of nitrogen recovery was obtained for oilseed radish: wheat and
Perko PVH; wheat rotations with 45% and 36%, respectively. The highest nitrogen harvest index was observed

in Buko; wheat rotation: (86.5%), and Perko: wheat (85%) and the lowest nitrogen harvest index was in fallow;
wheat (79.28%).

Conclusions
The results showed that Perko; wheat and Buko; wheat rotations due to the higher economic performance in

the region were appropriate rotations and were recommended for the study area.

Keywords: Harvest index nitrogen, Nitrogen recovery efficiency, Nitrogen uptake efficiency, Pre-sowing



