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Table 4- Mean comparison of interaction effects of two mycorrhiza species and nitroxin on some quantitative characteristics of garlic
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In each column, means followed by the same letters are not significantly different (p=0.03).
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Table 5- Correlation coefficients between studied characteristics in condition of two mycorrhiza species and nitroxin application in garlic
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** and * are significant at the 0.01 and 0.05 of probability level, respectively.
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Figure 1- Correlation between economic yield and biological yield
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Introduction

Maintenance of soil fertility is one of the most important issues affecting the sustainability of food
production. The application of ecological inputs such as mycorrhiza and biofertilizers are one of those
approaches which are needed to maintain soil fertility Biofetilizers include different types of free living
organisms that convert unavailable nutrients to available forms and enhance root development and better seed
germination. Plant growth promoting rhizobacteria (PGPR) occupy the rhizosphere of many plant species and
have beneficial effects on the host plant. They may directly and indirectly influence the plant growth. A direct
mechanism would be to increase plant growth by supplying the plant with nutrients and hormones. Indirect
mechanisms, on the other hand, include reduced susceptibility to diseases and acting as a form of defense
referred to as induces systematic resistance. Mycorrhiza arbuscular fungi are other coexist microorganisms that
improve soil fertility, nutrients cycling and agroecosystem health. Mycorrhizal fungi are the most abundant
organisms in agricultural soils. Many researchers have pointed to the positive roles of mycorrhizal fungi on
plants growth characteristics. Arbuscular mycorrhizas are found in 85% of all plant families and occur in many
crop species. Mineral nutrients such as potassium, calcium, copper, zinc and iron are assimilated more quickly
and in greater amounts by mycorrhizal plants. Arbuscular mycorrhizal inoculation has also been shown to
increase plant resistance of pathogen attack. Garlic (Allium sativum L.) is a very powerful medicinal plant that is
often underestimated. Garlic is easy to grow and can be grown year-round in any mild climates. Garlic cloves are
used for consumption (row and cooked) or for medicinal purposes. They have a characteristic pungent, spicy
flavor that mellows and sweetens considerably with cooking. Despite of many studies on the effects of
mycorrhiza and biofertilizers on different crops, information on the effects of these factors for many medicinal
plants such as garlic is scarce; therefore, in this study the effects of mycorrhiza and biofertilizers on quantitative
characteristics of garlic in a low input cropping system were studied.

Materials and Methods

In order to study the effects of two mycorrhiza species and nitroxin on yield and yield components of garlic
(Allium sativum L.), an experiment was conducted in a factorial arrangement based on a randomized completed
block design with three replications in the growing seasons of 2010 at the experimental farm of College of
Agriculture, Ferdowsi University of Mashhad, Iran. The experimental factors were all combination of two
mycorrhiza species (Glomus mosseae, Glomus intraradices) and control and also inoculation with and without
nitroxin (include Azotobacter sp. and Azospirillum sp.) as a biofertilizer.

Results and Discussion

The results showed that both two mycorrhiza species had superior effects on most of the study traits
compared with control. Bulb weight per plant was significantly affected by mycorrhiza species. Glomus
mosseae. and Glomus intraradices increased bulb weight per plant by 48 and 29 percent compared with control,

respectively. Nitroxin had a significant effect on length and diameter of bulbs. Length and diameter of bulbs
were increased by 13 and 8 percent using nitroxin compared with control, respectively. Interactive effects of
mycorrhiza and nitroxin on all study traits also were significant. Interactive effects of study treatments showed
that Glomus mosseae had better effect on most of study traits at with and without nitroxin treatments. On the
other hand, nitroxin had synergistic effect on mycorrhiza treatments compared when these treatments were used

1, 2 and 3- Professor of Ferdowsi University of Mashhad, Assistant Professor of Gonabad University and Ph.D. Student
of Faculty of Agriculture, Ferdowsi University of Mashhad, respectively
(*- Corresponding Author Email: rezvani@um.ac.ir)
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without nitroxin. Highest (4306 kg ha™) and lowest (1665 kg ha™) economic yield (bulb yield) were obtained
from Glomus mosseae + Nitroxin and control (without mycorhiza and nitroxin), respectively. In general, results
revealed that using biological inputs may decrease chemical fertilizers application and their environmental
effects, and will increase sustainablity of crop production in long term.

It seems that different species of mycorrhiza improved quantitative characteristics of garlic due to provide
better conditions to absorption and transportation of nutrient to the plant. It has been reported that this ecological
input provides favorable conditions for plant growth and development through improvement of physical,
chemical and biological properties of the soil. It can be concluded that improvement of most of study traits in the
present study were due to use of mycorrhiza and biofertilizers.
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Table 3- Mean comparisons for the simple effect of irrigation levels and inoculation with mycorrhiza species on the yield
components of sesame
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* Means with the same letter(s) in each column are not significantly different based on Duncan's test (p<0.05).
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Figure 1- Effect of irrigation level on seed and biological yield of sesame
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Means with the same letter(s) in each component have not significantly difference based on Duncan's test (p<0.05).
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Figure 2- Effect of irrigation level on harvest index of sesame
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Means with the same letter(s) have not significantly difference based on Duncan’s test (p<0.05).
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Figure 3- Effect of irrigation level on water use efficiency based on seed and biological yield of sesame
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Means with the same letter(s) in each component have not significantly difference based on Duncan's test (p<0.05).
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Figure 4- Effect of inoculation with mycorrhiza species on seed and biological yield of sesame
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Means with the same letter(s) in each component have not significantly difference based on Duncan's test (p<0.05).
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Means with the same letter (s) have not significantly difference based on Duncan's test (p<0.05).
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sesame

(PSe140) 505 gyl xe gy }SuSG b SOl (glaials i O?")." ool ts o gly Syt Bg s )b sl Sle
Means with the same letter (s) in each component have not significantly difference based on Duncan's test (p<0.05).
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Introduction

Plant association with mycorrhiza has been considered as one of the options to improve input efficiency
particularly for water and nutrient - (Allen and Musik, 1993; Bolan, 1991). This has been due to kncreasing the
absorbing area of the root and therefore better contact with water and nutrients. Inoculation with mycorrhiza
enhances nutrient uptake with low immobility such as phosphorus and solphur-, improve association and could
be an option to drought and other environmental abnormalities such as salinity (Rice et al., 2002). Moreover,
higher water use efficiency (WUE) for crops -has been reported in the literatures (Sekhara and Reddy, 1993).The
sustainable use of scarce water resources in Iran is a priority for agricultural development. The pressure of using
water in agriculture sector is increasing, so creating ways to improve water-use efficiency and taking a full
advantage of available water are crucial.

Water stress reduce crop yield by impairing the growth of crop canopy and biomass. Scheduling water
application is very crucial for efficient use of drip irrigation system, as excessive irrigation reduces yield, while
inadequate irrigation causes water stress and reduces production.

The aim of present study was to evaluate the symbiotic effect of mycorrhiza on yield, yield components and
water use efficiency of sesame under different irrigation regimes in Mashhad.

Material and Methods

In order to investigate the impact of inoculation with two species of Arbuscular mycorrhiza fungi on yield,
yield components and water use efficiency (WUE) of sesame (Sesamum indicum L.) under different irrigation
regimes, an experiment was conducted as split plot based on a randomized complete block design with three
replications during two growing seasons 2009-2010 and 2010-2011 at the Agricultural Research Station, College
of Agriculture, Ferdowsi University of Mashhad.. The experimental factors were three irrigation regimes include
2000, 3000 and 4000 m® ha”, inoculation with two species of mycorrhiza fungi (Glomus mosseae and G.
intraradices) and control allocated to the main and sub plots, respectively.

Results and Discussion

Results showed that the effect of irrigation regimes were significant (p<0.05) on yield components except
1000-seed weight, biological yield, seed yield, harvest index (HI) and WUE based on biological yield and seed
yield. By increasing the irrigation level from 2000 to 4000 m® ha™' biological and seed yield enhanced up to 52%
and 118%, respectively. Increasing the irrigation level from 2000 to 4000 m® ha™ also improved WUE based on
seed yield up to 22%. Inoculation with mycorrhiza species had significant effect on yield components, biological
yield, seed yield, HI and WUE based on biological yield and seed yield P < 0.05). Inoculation with G. mosseae
improved seed yield compared to G. intraradices and control with 7 and 12%, respectively. These improvement
of WUE based on seed yield were 7% and 24%, respectively. In general, mycorrhiza inoculation enhanced WUE
through root system development and nutrient availability as this effect for G. mosseae was higher than G.
intraradices.

Conclusions

Yield and yield components of sesame were generally more responsive to irrigation level under mycorhiza
inoculation. Sesame yield and its components were significantly affected by irrigation treatments. Increase the

1, 2, 3 and 4- Professor, PhD student in Agroecology, Graduated student in Agronomy and Assistant Professor in
Agronomy Department respectively, College of Agriculture, Ferdowsi University of Mashhad
(*- Corresponding Author Email: akooch@um.ac.ir)
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irrigation level enhanced biological and seed yield- and also improved WUE. The water was used more
efficiently in the deficit irrigation treatments where WUE increased with lower amounts of water. Inoculation
with G. mosseae improved seed yield compared to G. intraradices and control. Mycorrhiza inoculation enhanced
WUE due to root system development and nutrient availability. These results highlight the importance of
determining the interaction effects between water level and mycorrhiza inoculation on yield of sesame to
formulate proper management practices for sustainable production.

Keywords: Mycorrhiza symbiosis, Oil crop, Root system development, Sustainable agriculture
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Table 1- Meteorological data in synoptic Kerman station, 2011
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Table 2- Physical and chemical analysis of farm soil
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Figure 1- Layout plan



WA 5l F oyled I alo oyl ol £ly5 Glipgy & pis YAV

WR = EJP (%)
WR = ®)
WR = WJE ¢

G5 = s ETP (M® kg™) (=T 5L WR :laslg, ol
(S o3le JS' b als) oy ags Suts o3le Y ((m® ha™) olS
Al e (M*hat) Ll OT:IR 4 (kg ha)
gz 9 SAS(V.9.1) ,l58le 5 51 o ylel luwlre cps
Jlo! s 133,5 oalizal (S ygesl B9, 31 Lo ppaSibe dumlie
D doyd gy ot g 435 48T ) ) )4

aadllas 3 90 Slies 3 5 ksl slaps, sl
odol ¥ g ¥ Jolin 13 adllas 390 lio Julosig 4550 zuls
= bl blsd jl Gl oybol dilises slaes sy il canl
o Jolsite GByme g ()l O Gl o et 91 o ixo
2 bl e olS g gy ol b walize slawsy y0
5 S bug ol (0S5 Vb el U a1 5 s slogaj,
92 O ol ol iy adlaie I e 398 2929 pie
s9208 3B ) sl Bl ol 5,Shes p Slaiz b ()]
L el osd pbsl (oL Sllhas el lalS 5 Shes 5 ]
(St i) ol 29208 b (300 o Am3 o (U5 Sl oyl
98 £989 plin 13 0l gai dlxpo «Jalo duw 4y &l 3)Sles
SV 90) 2> (Nia 39008 o Jobo (piman g 39008 LS
dilgs sl L8l gy pim 4 OloS o0 Jolge S0
090 oS dlold 5 (V¥ 5 A) oS o) (Sid 4y Cunglio 5 03 u8
265 y90 3y Slos 45 3l 5L (V1) S g3 0,051 (5) (5]
oielS o A L gll o LialsS as s VY lsla clals
¢y yund (gdoyd Ve il S L lalie olibss o .cél

(A) A5 oxaliie oS you olS &ily 5, Slos )d (5%

dadllas 3y 90 Cilis 4 093 ) ges Alids a8 ,) 4u5l
dila o Slac
2 g oo s gl g (gladsle diwd 93 4y poS yom )l

e8| sl aly 5, Slos )y (60L5 Cuad] dils S5 09,5 g
(Y Jodn) aiily Hlo pme MBS o2 b dio)d S prdans 5o caliseo

U add S duad A (oS 5l Gl pianun Y & jglome )
ol (olel )93 29 (6 S o3l O aljl s 51 s oo
B yao Ol plslyy (le] Ol i) 5 s s 31 (gmad e
Slides o sl (gl Loy Gilbe g ytomnY ;> o1
995 (o g oo ats 8l aile 0 )lo 5,0 (slacile ) il
Lnails (ol 3b Sy 1 55 dule o g gl s yo
93 3l e e slae el Culey bolo 20 10 )3 .85 ploxl
sSei 5 4> 3y Shas (e g 8 L5l e bt
Loigas 15 bl s grbas (51 Intblas iy JsSisly (slodiges
YA Gae g ord cpjgi (p)5 o+ 0) <3 L) Jloms 595l L
3 o b 03> ylys gl 13 LS ke 43,0 VO (sled b casl
PLoxl (g5 Taaoma cdigad yo Sl (g el St (8 St
03wl 3y9-0 pMa sl 93 Ol CByno T,LS awlxe (4lp
s ) el ol &S (WUE) Ul b yme LIS — il i,
3 Grsim et (e 3 Shas b 6l 3,Sk) Sy
Al e Cunday Y dbayl,

WUE = v (v)
ET

p
Jaie 1Y (kg MP) OT Gy STLS WUE Y dsles
By e O ETP 4 (kg ha') (SCis osle |5 L ails) Jguaseo
3L o (M) olS Lawgs o
Cams I Cal )l (IWUE) ()bl O Gpan I — &
A5 Aol Voalayly b oS d)L...J o a Jpaze

IWUE = (v)
IR

i Y «g )l Ul Gyame T,LS : IWUE ¥ alsls
&l o Jlie IR 4 (kg ha't) (s osle S b ails) Jguaeo
(V) 2L e (m® ha')

ool O Jlaie il 4 iy dgvg (S)b Asy Juad j> 3]
SIS ool Gl ploj )3 92wl 5y — 5 Sl S
5 e Gl gy 5 051 ppame (ialejl Sl S (utlis g
Byas dy gylol Ol plos a5 00 0 (558 (plpl Cuilys dgng
S yae 2L Ol G pme LS g i) 3y = s
1) 0y Jobo 53 olS &8 o] jlade b S Jai )3 il ol
032U (o] 3l S g5 Jpamo (gno jlako b WS oo By 355
by 5 Sejglon 5 b 3 )Shos 93 2 el o 55 (V) 29500
ol Cawdds £ B ¥



¥£o ...p,f,,.wp.'é)@}.igis_’%rm@j)lfgiﬂéé)&l»&

Cilizeo (51 jloai ;3 Canilyr pad L g 08 il o Bpaan (2,5 0 Shos (il lg 41525 Y Jgon
Table 3- Analyses of variance yield, water use efficiency (WUE), crop water requirement (CWR) and harvest index in

different treatment
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Table 4- Mean comparisons of yield, water use efficiency (WUE), crop water requirement (CWR) and harvest index in
different cultivars
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Means followed by the same letters in each parameter are not significantly different at five percent level of probability, according to
Duncans Test.
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Introduction

Reduction of the forage and grain yield of sorghum genotypes under different levels of deficit irrigation
has been reported. The plants that have higher water use efficiency (WUE), have a better chance of survival in
arid regions. On average, WUE of sorghum in clay, loamy soil has been reported equal to 1.46 kg m®. Effects of
drought stress and different levels of nitrogen on yield of two cultivars of sorghum were investigated and results
showed significant effects on plant height, leaf area index, fresh and dry weight of leaf, dry weight of stem and
forage yield. The purpose of this research is to investigate the effect of deficit irrigation on grain yield and WUE
of sorghum cultivars in Kerman.

Materials and Methods

This study has been conducted in the research station of Shahid Bahonar University of Kerman with 56°
58' E longitude, 30° 15' N latitude and 1753.8 altitudes. According to the regional information from 1952 to
2005, the average temperature is 17.1 °C, the average rainfall is 154.1 mm, the average annual relative humidity
is 32%. The climate of Kerman according to De Martonne method can be classified as semiarid. The
experimental design was split-plot based on RCBD with three replications. Three levels of irrigation (after 50, 80
and 110 mm evaporation from class A pan) were assigned to the main plots and the five sub-plots of sorghum
cultivars (Speedfeed, Pegah, Payam, Sepideh and Kimia). On the 20th of May all sorghum cultivars were planted
at the distance of 10 cm from each other on ridges. On the 7th of October, with considering margins, four square
meters of the two middle lines were selected to determine the grain and biological yield. The samples were
weighed with a digital scale and heated for 48 hours in the degree of 75 °C-and then the dry weight of each
samples were measured again. Finally, the data were analyzed by SAS software (v. 9.1). Comparision of the
averages attributes was performed using, Duncan’s test at five percent level of significant.

Results and Discussion

The result of the analysis of variance (Table 3) has shown a non-significant effect of different irrigation
regimes on the study attributes. Grain yields of different cultivars were shown to have a significant effect (P <
0.01) (Table 3). Among the cultivars, Sepideh with the production of 7806.7 kg ha™ of grain had the highest and
Payam with the production of 4721.9 kg ha™ had the lowest yield (Table 4). The results of the analysis of
variance (Table 3) showed that the biological yield of the cultivars were significantly different (P < 0.01). Pegah
showed the maximum dry matter production with 30365 kg ha™ and Payam showed the minimum dry matter
production with 12865 kg.ha™ (Table 4). Harvest index of different cultivars was significantly (P < 0.01)
different too (Table 3). The highest harvest index belonged to Sepideh with 43% and the lowest belonged to
Pegah with 18% (Table 4). The highest WUE was 1.12 kg m™ in Sepideh and the lowest of WUE were equal to
0.85 and 0.86 kg m™ for Speedfeed and Payam, respectively (Table 4). The water use efficiency (WUE) based
on the biological yield, between the cultivars was statistically significant different (P < 0.01) (Table 1). The
highest WUE belonged to Pegah with 4.34 kg m™ and the lowest belonged to Payam with 2.33 kg m™ (Table 2).
The lowest crop water requirement was 0.91 m® kg™ for Sepideh and the highest was equal to 1.32 m® kg™ for
Pegah (Table 2). Overall, the results showed that Sepideh is the most appropriate cultivar for the grain yield in
arid regions.
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Conclusions

The cultivar Sepideh with producing grain yield of 7806.7 kg ha™ and the water use efficiency (WUE) of
1.12 kg.m™ is the best choice for the region of Kerman. On the other hand, with the purpose of cultivating
sorghum, biological yield, and achieving the minimum water requirement for biological yield of sorghum in this
region, Pegah cultivar is the best suggestion.

Keywords: Crop water requirement, Deficit irrigation, Drought stress, Evapotranspiration, Harvest index
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Table 1- Soil physical and chemical properties in 0-30 cm depth

S cal (EC) o ySl Colan 55 Gjes Available ) (w awd BB jhnd ol oo 15150
(Soil text : ) i - pH (Total nitrogen) (P K* Na"  (Organic matter)
oil texture
(dsm™) (%) (mg kg™ (%)
(CLlfw} 16091 ) 5.38 7.6 0.071 13 151 165 0.55
ay loam
Sl O hond Sluogas Y Jgaa
Table 2- Chemical properties of irrigation water
(Irrigation water) (W &1 EC H K*  Na* CI  sOs cCa” Mg"™
@sm?) P (mg 1)
(Water purification) 4w o 0.50 7.32 8.15 9.12 17.75 5.04 3.20 2.10
(Urban water) ¢, o 2 8.50 11.60 34 53.25 19.20 14.31 12.75
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Lnslass 550 Ly (oS5 ot OO (F Jp2) 03 oanlio 4,
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1- Gridline intercept method
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Figure 1- Effect of salinity on percent of wheat root colonization under soil sterilization

W2l LS gl 5oelST dumpd 3 (gld Gxe il 8l sl 4 o
Aeoyd y 132)9See g)LB 9 SIS (gl iyl (iiSom

g bV o) 03,5 b ine 1) gaw 3 ady) (sl jiisls
Moy S gl sl 31(F Jpiz) by 4328 Joi
GSayy 43)S )l (e LY s 3 ) gl islS
P Jsr) smde ot 152)9S0 )8 5 ST (oguunl sl ]
slog)ld jl Jool asiy) Gornlissls doys iyl e SK-
5 6o Ly (el S 3 a0ls) (oot iy
03 »d bl & Cuns (S 5 Hlowd Laid g Cudll (5,0 gme VLS
oyl SB > sald olajlos ad) ) )5 518 (6 5VL (5 ol
il gl 550lST Ao yd il odaliie (glod s 03u6lS" dudy s
Caus s yiwl e S 55 G mosseae 45 > 2,6 o jlos
PLos s il SLS > (3 Sl ety (ulidl Joyil &
G e g1 odaliio (o tne MBI (2,6 (glo)los
G. geosporum (7Yo/«+) S 5 ;Lo {/Y0/55) mosseae
(yio) als 4 cous (£¥/V0) G. intraradices o (£Y+/V5)
Jiylys SIS a8 Jls g3 aidly 65V Ggnlisls Ao
o3le Jolid )loss yb SIS (o5 Slip0ue o)l 2 0g)e)
Al Ay Cond (S 5 Jlosd e (392 55 (ildbgrpe )8 (el
oy (el gyl8 a6 g (a9 (lnyg-Se slagyB Joli)
1aLb 4 S )8 555 4 Jy 3,5 55 (55 (ool islS
o8 gl slS 1oy 139,55 3l (5 il opmalilS o
byrye it S ((ouil g6 51 s le) 2015 oy 3 003
Ol igls ay 3L O Conl 5290 (o9 (1395 Slag B &
aS ol lss Gialesl ol gl (F Jgdo) 139 paS (slaadia

S glish ol 9 (5)98 GiiSen y (ke dunlis gl
oy o)yt (655 Jlosl (hga dmd e i (V JS3)
sy eyl GLSB @ s Joylid S (gl iigls
235 i 9393 U gy ol (6y98 Jlosl o )3 S5 Jl> 3 39,
OLRLS geliigls a0y e Jlosl ahias ST (5598 &5 S
Loy aasl sials cud 4o biwpe S o ond asls
() ass) 428, 51,8 (5)lol 09,5 Sy oyl slmlos
el sl os s b g9 Sl o 3 o8 Jloyo
b Gglisgls dao)d )3 395 )50 iyl lajlon 4 s
53,8 b (198 308 golaw )3 X9 Ailen)
45 3o L B Jgi 53 1525500 1B 9 5)9d GRSy
55 Jlos j) A G. MOSSEAE ¢ 50 g s o sl o >
5 G. geosporum .l jl ae g cusls |y gl gl 2oy o YL
Olls8l dals 4y o azl 4 S as 8 1,8 G, intraradices
CodsS & Ay ool iiglS 203 (6998 Jlosl b aidly (g3 gine
do) pi L s pe ol L sppd Jlasl Ly 0,5 00 (38
G. intraradices ;>4 )8 sladisS plod jl 5L ol joslS
s LpdSeS o M o widly Hlo me Lyiul 38l dald 4 Caws
S 55 lesd o (AYV/SY) G. gEOSPOrUM 45eS .0 Iy iz
9 300l polaidl dg 84 1y gl iiglS oy oy o (Y /0+)
(Z\¥/V#) G. intraradices 4 (£)4/0-) G. mosseae f ;| ix
Seoyd Cp iy b plol i Ol b (g0 oS Sloj 853
Gglas 4]l as 3 G, MOSseae 4y sleio () +/AY) (ygmol 155l
4S5 I 3395 Ioine (28 bajlod G mliglS 20



YV oniS o Sdas sl 99 Shas s (GlOMUS SPP.) 13 55500 )6 5T

WU sl 58 1) adyy ol ioslS ol oad il slog,s
Sglise Ol CobsS 9 @B 45T & ey ssliisls Loy 2 599
WYL gl islS do ) (6y9-5 Jles! 90 G .MoOSSEAE L35
G. aS oy ccsl jials oo 4 ged b cov a5 el
«Sas ol pot (g0 O )3 gl iiglS Ao yd Laas L geosporum
Ko ol o dsias Ol Jlos 53 g ol LS (6590 4 s Joos
ol Lials Gas 4o Lalas 1500 wile o)l guwlglS Aoy
3 ol pmalislS Aoy S 39 s 3 5] (0 Jpi)
S ogr liysSan bz, 5L cov G.mosseae (sba,los
G. geosporum 4 G. intraradices 455 a5 Jb > 8,5 1,8
o5 ShisSen sLagyls 18U Co oyl e S
slag) pUlg (b b (Ui el gt ao)d (34l
S (2B slaasss gudli (g 2ald) (oom slysSee
35 Splp 2B claiss b ady, p3 (IS dbl > (il

(7 Jg)

o=l 39 eyl 5l gl byl e laulyd )3 @58 (ygsnlsslS
53 9 s )L (o9 slopdisS 48 (i gdge
2 o8 gl iselS dloul 0 S Cuns jor slapusB)lg,Sen
o)LSen g Marulanda zols L 48 a8 o , 851 1 35l 4
(Marulanda et al., 2006) 5,l> céllas
Aoyd 69y inlejl 3y50 (slmylas 3l oael Cumdas ol

s 90 2 L y5d Jlosl 4 amd o (5 3 gl igls
ol ot il Ol (g cetly Jlis 4] (gl siglS 2oy tnlS
S olyor g3 Ol & S @l gne 5 il ol Sl S
5 5 Jlasl jlan jlows 93 2 0 Iy EC &y 4y b &S il
ol sl oS (V Jgi) (6y9 Jlos! j1 U ] Sgs dunnlie
1ansl Ol g5 93 oyl o Glise Jgr sl jl il coglis
sloassS 1 ogMe ab Jlael dias ST b &S Sloj o554 ()55

U ccsb e 35 50 SB g sliysSee slag,B o o6
L olSen 0 (o5 slinysSn slag )L (il 5l &S ol

PSS oLS p33,8Mos (glial (B 1 g dulny (gawliEight M )3 52 15259500 5B 9 S ygd GRS 2 58Sl Ao -0 Jgaa
Table 5- Mean comparisons of interaction effect of salinity stress and mycorrhizal fungi on root colonization and some yield
component of wheat

R _ Al y ygawl 3uigls’ Al yd &l &gy yd &ild &y 15 39
Lows =8 s o : . 7 . .
.‘5.’5” e & _‘5 _95 Root colonization  Grain per spike  Grain per plant  Thousand grains weight

Salinity treatment Fungi species () (Number) (Number) )

G. mosseae 38.16 35.66 63.04 26.98

. G. intraradices 26.00 33.33 54.27 30.59

e & G. geosporum 27.83 30.50 50.04 33.33
(Water purification) B 455 dw S 5 45.83 30.83 53.33 29.69
sl 19.16 32.33 51.58 28.77

G. mosseae 37.50 31.0 54.27 30.53

o G. intraradices 24.33 32.83 57.56 28.04

S G. geosporum 26.83 33.16 56.35 30.14
(Urban water) OB 45 dw S 5 4233 30.83 51.04 31.55

Jals 22.33 32.83 51.79 28.70

G. mosseae 19.50 31.50 48.13 30.40

) G. intraradices 13.16 31.33 46.83 30.44

Seas olyon (6,45 G. geosporum 32.67 33.16 49.73 27.99

(Urban water with salt)  z6 458 4w S 5 30.50 30.16 44.54 27.54
Jals 14.83 29.50 41.46 2.32

G. mosseae 10.83 30.16 45.81 32.31

i G. intraradices 4.83 30.00 45.04 31.74

Sas ol ahial ol G. geosporum 9.00 31.66 52.19 29.56

(Water purification with salt) = 2,55 &5 4w <S5 9.66 31.50 48.67 28.18
Aals 3.83 32.66 47.65 26.51

LSD 5.71 2.02 4.05 3.01

Wl S5 b s ixe MBS ao)d Va3 gty pd dliie gy gy (ola 1 SSle
Different letters in each column indicate significant differences for means from three replicates at the 1% probability according to
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Table 6- Mean comparisons of interaction effect soil sterilization and mycorrhizae fungi on percent of colonization and yield
component of wheat

. Al y Gygawl gl Ay 4> dliw Al 3 4y .
S - . | - H ) ! P % % J
i:l ;:,;‘if;g: Fucr.l)liss“e’scies Root colonization Spike per plant Grain per spike Harvg)s/’:))lndex
grsp (X) (Number per plant)  (Number per plant)
G. mosseae 25.66 1.75 30.33 28.08
G. intraradices 4.75 1.60 31.75 29.41
Sterile J; y! G. geosporum 20.16 1.62 32.08 27.75
Mixture of species 25.00 1.61 30.50 2791
Control 0.0 1.47 32.58 31.00
G. mosseae 27.33 1.59 33.83 28.25
G. intraradices 29.41 1.61 32.00 29.25
Non-Sterile Jyulpe G, geosporum 29.08 1.65 31.91 28.16
Mixture of species 39.16 1.62 31.16 27.58
Control 8.30 1.56 31.08 28.08
LSD 4.04 0.078 1.428 0.013

W)l )SuSG b b e BB o pd V raw 50 (g p 0 ailiie Bg e gl b Sle
Different letters in each column indicate significant differences for means from three replicates at the 1% probability according to
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Introduction

Decrease in water quality affected by salinization of the water resources due to the drought is one of the
limiting factors of plant production. Using mycorrhizal fungi is an important approach to deal with damaging
effects during stress conditions. The symbiosis of arbuscular mycorrhiza (AM) with the host plant and hence, the
production of a very extensive network of hypha, enhances nutrient acquisition and improves water uptake in the
host plant. The specialized network of hypha raises the uptake and translocation of nutrients to the plant, whereas
it inhibits high uptake of Na and Cl and their transport to plant shoots compared with plant roots. Hence, AM can
alleviate the stress of salinity on plant growth and increases their tolerance to the stresses.

Materials and Methods

In order to evaluate the influence of mycorrhizal fungi on yield and yield components of wheat, a greenhouse
experiment was conducted in research farm of Shahid Chamran Ahvaz University. Experimental design was a
randomized complete block design arranged in split factorial with three replications. The factors were water
salinity (water quality) including filtered water (EC < 1 dS m™), tap water (EC = 1/7-3 ds m™"), tap water plus
NaCl and filtered water plus NaCl (EC = 8 ds m™). Soil sterilization included sterilized and non-sterilized soil
and mycorrhizal inoculation were in five levels (non-inoculated, inoculated with Glomusmosseae, G.

intraradices, G. geosporum and mixture of them). Yield and yield components were measured at crop maturity
and colonization percentage of root was determined at flowering stage. Root colonization by AM was
determined through preparing root samples at 1 g in each experimental unit, and roots were stained using the
Gridline- Intersect Method. The harvest index and mycorrhizal dependency were also measured. Salinity levels
determined approximate the threshold of wheat —tolerate- salinity before the results would rather reflect saline
stress on mycorrhizal symbiosis than on wheat plants.

Results and Discussion

The results showed that salinity decreased colonization percentage and grain number per spike but it did not
affect yield and yield components significantly. In non- inoculated soil, the formed mycorrhizal symbiosis by
indigenous fungi improved colonization percentage, while it did not result in significant differences of the yield
and its components. The inoculation with mycorrhiza fungi was successful. Mycorrhizal colonization rates of 15-
32% and mycorrhizal dependency rates of 7-13% were observed in the inoculated treatments, and this effect led
to significantly higher grain yield, spike number and grain number per plant in compare with control.
Furthermore, there was a significant interaction on colonization percentage and whole yield components between
AMF inoculation and salinity except for spike number. Spike per plant, grain number per spike and colonization
percentage affected by mycorrhizal inoculation in interaction with soil sterilization. Colonization percentage was
positively correlated with spike number, grain number per plant and grain yield (significant at a=1%).

Conclusions

Enhanced yield under all mycorrhizal treatments related to higher grain number per plant, whereas there was
no significant difference between these treatments for grain weight. Although the colonization levels of
individual mycorrhizal treatments were generally lower, the fostering of grain yield was even strongly more
pronounced than with mixed mycorrhizal treat (significant at a=1%). Effects of salinity and soil sterilization
varied depending on the species of fungi and water quality. In comparison with other mycorrhizal treatment, G.
geosporum showed higher salt tolerant relatively on display of superior colonization percentage and grain
number per plant in salinity with tap water; and the colonization percentage by G. mosseae was not affected by

1- MSc. Student, Department of Agronomy, college of Agriculture, Shahid Chamran University, Ahvaz
2- Associate Professor in Agronomy, college of Agriculture, Shahid Chamran University Ahvaz

3- Assistant Professor in weed physiology, college of Agriculture, Shahid Chamran University, Ahvaz
(*- Corresponding Author Email: m.farzaneh@scu.ac.ir)
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soil indigenous fungi. The results showed that salinity decreased colonization percentage of inoculated
mycorrhiza besides indigenous fungi, whereas mycorrhizal dependency was not influenced by salinity levels.
Mycorrhizal dependency would probably provide a more consistent basis for the relative benefit provided by
mycorrhiza at the saline condition than the colonization percentage. Reductions of the mycorrhizal dependency
to wheat plants caused by increasing soil water or nutrient availability however enhancement of plant growth
have been indicated especially when mycorrhizal wheat plants exposed to saline stress.

Keywords: Indigenous fungi, Mycorrhizal dependency, Root colonization percentage, Salinity
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2- Total Dry Weight

3- Crop Growth Rate
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cdl iy es! oS cglan Ojere s oy
Textu‘re pl:| EC Nitrogen Phosphorus Potassium
(dS m) (*0) (mg kg?) (mg kg™)
=) "oy
Clay loam 7.7 0.409 01 8.2 220

W0g0d (leis ) g (obewd ladgS I Al oolaswl dons )
OLjsl (9l oS &g iyl Jl3l 5 (M) hlSen 5 (00)S
U35 s sladgS B, me L 1 (Borago officinalis L.)
53,8
RPN

939 odmd i modls il yly 40555 5l el Cawdas zolis
codls Galises glapSTy )0 dliw Job Hlai I bz GBS
e GiiSly o515 Gialidl an cond alis Job (Y J) o5
Oyt b dtwlS b Job 5l e o815 Jisli8l b g aly ol
2 i Jyb 23aS 539 652 Ve o815 & Slete el oo
A Ve 3l oS Rl Jgia) )5 edmlie 435y WY 1815
Job (shod FA Lials & e uw[n)] o) bl jd g VY-
Aty dSg o515 ielidl b dliw Job ials cde wa alw
Job il s 53 9 S el gl olS iy o) cpimen o
Cde an dge We (S5 50wy ey lata (V) Wbl e dlius
HLisd y5el5eS sladliw A e b olS cpiads yduw) Codgixe
OhlSen g aaly et jials dliw Job 5 00905 Joiai |y 05,
L 1y (Triticum aestivum L.) a8 dliw Jobo ials (YY)
) 55 255 (slolass Glisea oo 338 G 515 Sl
(Y Jgios) midls (g)ls mine M3 ali Jo b 55l bl
25U cpptin I s+ olewd 365 doyd e iy B puae
Aaopd Vee 3lS g ye53e Jlogd Sl (g iz g g dlits Jsbo
iw Jobo oy yieS 000,55 sdmliie jbo sxe BB Slosd 268
09 () (oland 355 o pd YO L 40al B pns a4y boyye
(Zea 53 5 IO Jsb Gl 35 (V) olSe 25 (F J3a2)
oy lis ioles] guls .aib e olS (slasdss Lol s 3gup0 cpel

(¥ Join) 395 b ine abics Jobo yo Lilags iiSadys &S
Sl ol ko o cpl g 398 3,8 9 WST)5 31 (3945 413 e

SAS, Ver. 9.1 ,lal 580 o5 5l oolil b Jols (slaosls

5 EXCel 1581 5 b o logai pusy (08)5 51,8 Jiloos 5 45 3,90

o 3 SOl (laials din 905 5l onlil b oy, Silie dulio
Cdpds Oy Joyd gy Jlois

TDW = Exp (a + bt + ct?) D)
LAl =Exp (a + bt+ct) (v)
CGR = NAR x LAl (¥)

NAR= (b+2ct) x Exp [(a- @) + (b-b) + (c- ¢) 1] (¥)

joy bl it

G g plas,)
ol ) b xe BMS] dgng 5l Sk daodly 430 gl
S gLl i (Y Jgi) 392 4 €] 2 o515 e
WS ) L2 g5 (S 5 @upesie > B2 W w515 4 (3late
Gl Sy o a5 4 (1 Joia) b osmliie o yeyie 5> &5y Ve
gLl lalidl 4 oo y95 <8l ) )3 iy (i <o) iy (ST
oS 5 (YY) Glosbw bawgs odal cwnds ol b oS .l o
L5 golaw )b cillae (Coriandrum sativum) ju_us
YA o sy 5 g ity BLod 305 (6365 (sl yless
Gty + o 35 210)0 B0 Gl (Y Jgaz) Al ()l e
5yl L 4 g1 nyles b b duanlio 15 gy £li5) i sl
Oty il )38 g)lal 09,5 S 53 (lhord 355 003 Ve
* olond 395 403 VO (Al Bras 4 bgye 15 g el
2 a5s gl pogas > bjleg JiiSen (T J9i2) S92 (s
L)l i &S 55k (Y Jgi2) 392 5l stne d2)> S, o
Ao 00 (Rl ) LS L g gapesie )3 g W o515 0 &g
e We STy Jlos b aS w3 ols s + olowss (slodgS
C35 )y 5 g)lel 09,5 Sy alherd 365 A3 Vee 28
29 lp ol Rl Jdsar o515 Gl (IS psboar (¥ Jga2)
o (28 polie 4 il (g ytd Jdod 098" (il B pe
elas)l il 8l (YO) o )Lsan 5 gl .l ouds a5y glas,l 20158l



AP 5l F o )lod Y alo oyl ! £ly5 Gleidg s 4 s TAA

05yl (29,15 0 Gy (S S59 (A 2 (5355 SWlosi 9 Wigp 05155 U (ka0 (uiluo) il 45265~ Jga

Table 2- Analysis of variance (Means of square) effect of plant density and fertilizer treatments on some growth characteristic of Plantago ovata
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Introduction

Isabgol (plantagoovata Forssk) is an important annual medicinal plant which is under cultivation in Iran.
Isabgol has been used in medicine since ancient times, however, it has only been cultivated as a medicinal plant
in recent decades. It is a diuretic, alleviates kidney and bladder complaints, gonorrhea, arthritis and hemorrhoids.
In general, plants known as medicinal are rich in secondary metabolites and have potential as drugs. The
biosynthesis of the secondary metabolites is controlled genetically and affected strongly by environmental
factors especially chemical fertilizers. The environmental and economic impacts of chemical fertilizer
application such as water pollution, low quality of agricultural production and decreasing soil productivity have
encouraged farmers to use alternative nutrient sources. Sustainable farming on the basis of natural fertilizer
application with the aim of omitting or decreasing chemical elements is a desirable approach to prevent these
problems. Biofertilizers are some non-symbiotic and symbiotic microbes in the soil that stimulate plant growth
and contribute the improvement of ecosystem. Many genera of plant growth promoting rhizobacteria such as
Azospirillum, Azotobacter, Bacillus and Pseudomonas are used as biofertilizers for economically important
crops. Several studies have shown that beneficial microbes, such as Azotobacter and Azospirillum, not only
affect nitrogen fixation but also exhibit other favorable properties such as production of growth hormones.
Nitrogen and phosphate chemical fertilizers could be replaced by biofertilizers containing Azotobacter,
Azospirilium, Bacillus and Pseudomonas. In this study, we evaluated the effects of integrated application of
chemical fertilizers and bio-fertilizers under different plant densities on growth indices, grain and mucilage yield
of Isabgol.

Materials and Methods

A field experiment was conducted based on randomized complete block design with three replications at the
Agricultural Research Station of Bu-Ali Sina University in2011. The mean annual precipitation was 330 mm.
The Soil of experimental field was loamy clay with pH 7.7, containing 8.2 mg kg™P, 0.1 mg kg™N , 220 mg
kg'K, and EC 0.409 dS m™. Three levels of plant densities (70, 100, and 130 plant per m?) and three
combinations of fertilizers including 100% chemical fertilizer (control), 50% chemical fertilizer+Nitroxin
(Azotobacter sp., Azospirilium sp.) and Biophosphorus (Bacillus sp., Pseudomonas sp.), 25% chemical
fertilizer+Nitroxin and Biophosphorus were applied. Two biofertilizers including Nitroxin (2 liters per hectare)
and Biophosphor (100 gram per hectare) were used. The population of bacteria in Nitroxin was 108 cell mI™* and
in Biophosphorus was 107 cell gr™.The plant height, number of branches in plant, maximum leaf arearindex
(LAImax), maximum crop growth rate (CGRmax), total dry matter (TDM), and grain and mucilage yield was
measured. All variables were submitted to analysis of variance using the statistical analysis system (SAS, 9.1)
and significant differences among means were identified by Duncan test at the 0.05 level of significance.

Results and Discussion

The interaction between density and fertilizer treatments was significant forplant height, number of branches
in plant, LAlmax, CGRmaxTDM, grain and mucilage yield, whereas it was not significant for length of spike.
Acrossall fertilizer treatments, increasing plant density decreased the number of branches per plant. The grain
yield obtained from 130 plants per m? was on average 15.49% and 41.44% higher than 100 and 70 plants per m2,
respectively. Grain yield was mostly affected by the application of 50 % of chemical fertilizer + biofertilizersfor
allthree plant densities. The highest mucilage yield and TDM (314.69 unit and 497.65 gr m™, respectively) were

1- Assistant Prof., Faculty of Agriculture, Bu-Ali Sina University, Hamadan
2- M.Sc Student, Faculty of Agriculture, Bu-Ali Sina University, Hamadan
(*- Corresponding Author Email: Sepehril10@yahoo.com)



YA oy sl asli p oSl g (cum ) oot loond GOS (il 3 0,15 51

obtained from 130 plants per m2 by using 50% of chemical fertilizer + biofertilizers. In density of 130 plant per
m?, there was no significant differencebetween using 100% chemical fertilizer and 50 % of chemical fertilizer +
biofertilizers. The lowest mucilage yield was obtained from 70 plants per m® by using 25 % of chemical fertilizer
+ biofertilizers.

Conclutions

The integrated application of chemical fertilizer and biofertilizer showed maximum effect on growth indices
and the quality and quantity characteristics of Isabgol, therefore application of 50% chemical
fertilizers+biofertilizers and 130 plants per m2 is recommended in similar conditions.

Keywords: Biophosphorus, CGR max, LAI max, Nitroxin
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Table 1- Soil physical and chemical characteristics of studying fields

o ptde
SB S Management
Soil Properties SHE &I,
Organic Conventional
<dly =) Pl
Texture Clay Silty Loam
S oske 3.06 2.49
Organic Matter
SIS ol o
Cation Exchange Capacity 34.4 27.78

(meq/100g. soil)
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Table 4- Index values of biodiversity in management systems during sampling stages with relative codes

S j P S as W
Biodiversity Indices

(Ti) el o e GSugaidpe 4s )50 0, Lo JEESRTI SRS
Management (Si) (Fi) Heterogeneit Evenness
Code g y
system Sampling stage Field number JRRTR 5,5 Cg-Cogon!
Sfmf;éon Shanon-yomarge Smith:
Winer 9 Wilson
F1 0.673 1617 0.614 0.664
(%) S1 . F2 0.782 2.040 0.673 0.785
Tillering F3 0.889 2.419 0.759 0.879
(Mean) Sk 0.781 2.025 0.682 0.776
) F1 0.801 2.133 0.741 0.761
(cs348Ls) S2 F2 0.714 1.664 0.679 0.780
Stem 2 F3 0.778 1.846 0.750 0.831
() T1 elongation (Mean) il 0.764 1.877 0.723 0.791
Conventional F1 0.714 1.664 0.679 0.780
(als sy) S3 3 F2 0.833 1.500 0.833 0.932
Grain filling F3 0.700 1.371 0.733 0.833
(Mean) , Sl 0.749 1.512 0.581 0.848
F1 0.113 0.432 0.250 0.208
(sl 5l yug) S4 A F2 0.097 0.327 0.375 0.183
After harvest F3 0.071 0.279 0.286 0.172
(Mean) ;,Silke 0.094 0.346 0.304 0.188
F1 0.750 1753 0.694 0.760
(s4) S1 5 F2 0.857 2.156 0.750 0.869
Tillering F3 0.867 1.918 0.833 0.924
(Mean) il 0.825 1.942 0.759 0.851
) F1 0.833 1.500 0.833 0.932
(cs3,48Ls) S2 F2 0.600 1.252 0.667 0.743
Stem 6 F3 0.700 1.371 0.733 0.833
(Salsy) T2 elongation (Mean) ,,Sik.  0.711 1.374 0.744 0.836
Organic F1 0.900 1.922 0.850 0.943
(wls yasy) S3 ; F2 0.867 1.918 0.833 0.924
Grain filling F3 0.900 1922 0.850 0.943
(Mean) ., Sil 0.889 1.921 0.844 0.937
F1 0.290 0.954 0.212 0.208
(el jl w) S4 o F2 0.580 1.634 0.304 0.166
After harvest F3 0.640 1.709 0.295 0.136
(Mean) il 0.503 1.432 0.270 0.170

S Dbl 2gden bl (palde (LS by by bawg 00
2 gl & ol 58 1) muladle Slghs 53 de2 90 ol
S Cupde g9 S0 4 dagi b ol Cuns o 2l); Olles (lynl
(Vo) d9dme s 1y jymslicite (glasss S 5 g Sl
diee Jalye )3 (s (gl a1 e slacile (anades
bbby jo 1y Jelaie gulis wdlgls d dses b ejs (60 pdiges
» LS odlgls jiaislaile (s Slol3 (e &S5k

AL £ 93 (paleal y3 (saas0 9 S
e gl 8 .4
L 93 5y alacide (s (Slglhd (1Slee anglie gl

4595 Ll s pS diged dl o Jloz ggerme 3 45 0l (L (b pe
= o= 9 (Echinocloa crus-galli) Gg,s w5, acale

O o jd (gl ime IS Slol s, 1a5 51 (Scirpus sp.)
sdaliie (o)l e BMA] o slacale plu (o g dLil Joypd
) Slapliipg: 53 &5 w3 o (LS algd (7 Joan) 13,55
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Figure 1- The map of studying rice agroecosystems, right: Organic field (Babolsar); Left: conventional field (Babol)
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Figure 2- Clustering of sampling stages based on Simpson diversity Index
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Figure 3- Clustering of sampling stages based on Kamargo evenness Index
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Figure 4- Clustering of sampling stages based on Shanon-Winer diversity Index
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Figure 5- Clustering of sampling stages based on Smith-Wilson evenness Index
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Table 5- Index of weed similarity in two management systems (organic & conventional) during sampling stages

Slowd SHB ! ol =,y el
Treatment QOrganic system Conventional system
5! 3w 4 "
Jo O - Fo O .
_ adlw adlw
&5 Uiged s 5o Culyy il “ss’f[em Sy ails “ss’:em aody
Sampling stage After Grain  g|ongation Tillering After Grain  g|ongation Tillering
harvest  filling harvest filling
. W 18.52 72.05 61.38 80.61 3.79 59.26 65.74
Tillering
) pls L . 13.89 39.65 44.84 48.20 3.79 66.67
- - Stem elongation
Convention Wl s
al system o 27.98 55.56 55.56 57.52 3.79
Grain filling
<ty 3l o 56.35 1.89 1.89 3.79
After harvest
I 2798  83.96 69.75
Tillering
48l
Sl pllas . 27.98 83.12
) Stem elongation
Organic Sl s
system O 27.98
Grain filling

After harvest
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Table 6- Comparison of the weed relative abundance in the management system, as total of sampling stages

(Weed name) ; adilse oU

Alisma Xanthium Eclipta Scirpus Cyperus Cyperus Cyperus Digitaria Echinochloa Paspalum
plantago strumarium prostrata. spp. spp. rotundus. difformis spp. crussgulli distihcum
1.000™ 1.000"™ 1.000™ 2481 0.369™ 1.000"™ 0.430™ 1.000™ 2.459" 0898 "™
sl Moy iy a3 I sine BT g 3 sine BMS] i clsS a9
"&", show the lack of significant difference and difference in the level of five percent, respectively.
§)12 piged Ao Jolyo (b (o a0 pUBS 93 50 5 pasdile o1y (ke duglie -V Jou>
Table 7- Comparison of mean density of the weeds in the management system, during sampling stages
(Weed name) ; »dle oU
Alisma Xanthium Eclipta Scirpus Cyperus  Cyperus  Cyperus Digitaria Echinochloa  Paspalum
plantago  strumarium  prostrata. spp. spp. rotundus.  difformis spp. crussgalli distihcum
1.000™ 1.000™ 1.000™ 3.078™ 1.000™  0.379™ 0.898"™ 1.000™ 1.048"™ 0.333™
sl Moy gty s 3 5 sine B g l5 tme OS] S LS gy 5"
"&", show the lack of significant difference and difference in the level of five percent, respectively.
Sl paiges Als g0 o b e SELS 53 50 Slacils 1515 g s Slglh A Jgoe
Table 8- Relative frequency and density of weed in the management systems during four sampling stages
wg5] wis U (Management) Cy ye
sypcile (Conventional) g, (Organic) S48,
a spec\:\ése/i;(lnus INE (Sampling stage) (g,15 mdiges dls po (Sampling stage) (s,15 mdiges dls po
3 Family o oMoy Sl om 5 sl O i om
IETE T als ol Sy O als Codls
Tillering elo?ltea?tion Grain After  Tillering eloiteezgon Grain After
9 filling  harvest g filling  harvest
1 Paspalum Poaceae 0.444 0.167 0.222 0.008 0.529 0.333 0.455 0.000
distichum (0.444) (0.222) (0.074)  (0.074) (0.333) (0.148) (0.185) 0)
) CEFEQ'S”Z?IT'E’S S 0.185 0139 0333 0011 0.294 0533 0455  0.280
P geauv_ (0.185) (0.185) (0.111)  (0.111) (0.185) (0.297) (0.185) (8.44)
3 Diditarias Poaceae 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.108
araTiasep: ©) ©) ©) ©) 0 ) ©  (32)
4 Cyperus Cvberaceae 0.185 0.167 0.000 0.000 0.118 0.133 0.091 0.000
diffirmis P (0.185)  (0.222) 0) () (0.074)  (0.074)  (0.037)  (0)
5 Cyperus Cvberaceae 0.000 0.000 0.000 0.961 0.000 0.000 0.000 0.552
rotundus L. P 0) (0) 0) (9.41) 0) 0) 0) (16.67)
6 Cyperusspp Cyperaceae 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.012
' () ©) ) ©) ) (0) () (0.37)
7 Scirouss Cvberaceae 0.185 0.361 0.444 0.019 0.059 0.000 0.000 0.000
PLSSPR- P (0.185)  (0.481)  (0.148) (0.185)  (0.037) 0) 0) 0)
8 pfg;‘r’;fa Asteracea 0.000 0.000 0.000  0.000 0.000 0.000 0.000  0.005
Hassk. () ©) ©) ©) ) () ) (0.148)
9 Xanthium Asteraceae 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.043
strumarium ©) () () () ) ) 0) (1.3)
10 Alisma Alismataceae 0.000 0.167 0.000 0.000 0.000 0.000 0.000 0.000
plantago ) (0.222) ) Q) ©) ©) ©) ©)

50.}._4.0).0.»._&..\.0‘4)‘5‘» 09)5 99y (V5;"0 L;Lﬁ.\g) L_iu‘f)‘ ‘hUQJ
JSL8) 4555, )15 pows didss 3 (A 35) S5 pllss ol dls o

ool (@opoyio 3 0lass) 5 pmcslacale 1515 cbsS (Sl 3 slucl
The numbers in parenthesis, indicates weed density (number per unit area).
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Figure 6- Clustering of sampling stages based on relative frequency of Sedges
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Figure 10- Clustering of sampling stages based on density of Sedges
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jople sFunctional groups
Weed
55 Ol ’
Code INE o &gs i SRS et ”” g S
Family Genus Species Naxious/  Photosynthetic ‘; &j Vegetative
Non- pathway Lifecycle form
naxious
1 Poaceae Paspalum distichum N C, P M
2 Poaceae Echinocloa cruss-galli N Cs A M
3 Poaceae Digitaria spp. IN Cs A M
4 Cyperaceae Cyperus difformis IN Cs A M
5 Cyperaceae Cyperus rotundus N Cy P M
6 Cyperaceae Cyperus Spp. IN Cy A M
7 Cyperaceae Scirpus Spp. N Cs P M
8 Asteraceae Eclipta prostrate IN Cs A D
9 Asteraceae Xanthium Strumarium IN C; A D
10 Alismaceae Alisma plantago IN Cs P M

(IN) zowput 5 (N) zow (P) dlosix ¢ (A) Il ¢ (D) adgs (M) IS5 s oy ¢
#. (M): Monocot; (D): Dicot; (A): Annual; (P): Perennial; (N): Noxious and (IN): Non-noxious
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Introduction

Diversity reflects the complexity of a system and can maintain its sustainability. Higherdiversity, results in
higher inherent complexity of agro-ecosystems and strengthen their processes. It is necessary to realize the
spatial distribution and temporal properties of the biodiversity components in agro-ecosystems, for the
conservation and optimal utilization. Since weeds as a complementary component of agro-ecosystems and are
inseparable, so the study of species, their functional and structural diversity of them can play an important role in
weed management and balance in ecological systems.

Materials and Methods

This study was performed to determine the effects of different management systems on structural, and
functional diversity of paddy weeds in Mazandaran province. Three rice fields, ranged from 0.3 to 0.5 ha, were
chosen for each management system. Samples were collected from three fields running under each selected
management system (organic and conventional). Data (humber of weed species and their density) were randomly
gathered from 9 quadrates (Imx1m) per each field in four stages (tillering, stem elongation, grain filling and
after harvest). The diversity, evenness, frequency and similarity indices for weeds were determined at genera and
species level. Data analysis carried out through T-test and grouping performed via cluster analysis as hierarchy .

Results and Discussion

All monitored weeds can be classified into four plant family including cereals (Poaceae), sedges
(Cyperaceae), plantain (Plantaginaceae) and chicory (Asteraceae).Under conventional systems the values of
weed diversity indices were higher during tillering and stem elongation compared with organic ones, and were
lower during grain filling and after harvest stages. However indices of weed evenness showed contrary tendency.
Both Sympson and Shanon-Wiener diversity indices, consist of two clusters in 76% similarity. Evenness indices
of Kamargo and Smith-Wilson included two clusters in 83% and 82%, respectively. Range of similarity index
was between 1.89% and 83.96%. Weed grouping based on relative frequency during the sampling stages showed
two clusters in 78% and four clusters in 85% similarity. Clustering weeds centered on relative frequency during
sampling stages, according to the family, showed different results. It might be the reason that the relative
abundance of weeds, sedge family (79%) were in two clusters. However, sampling stages grouping based on
weed density, induced two clusters in 39% similarity. Both conventional and organic systems, are included 10
species of 8 genera of four families. The 75 percent of families based on the vegetative form were monocots and
25% of them were dicots, so monocots had more diversity. Perhaps the presence of Alismaplantagoin the
conventional system could be as a unique species and its absence in the organic system, attributable to duck
existence in it. Based on life-cycle, 6 species were annual and 4 were perennial. While, according to the
photosynthetic pathway, 50 percent species were Cz and others had C, pathway. Based on the characteristics of
the interference, 4 species were noxious and 6 species were non-noxious. Poaceae were the most diversity of
weeds in monocotyledon and C, pathway (three species). Two species of noxious weeds and herbicide resistant
belong to Poaceae too. The Cyperaceae consist of two species from four perennial ones. The weeds of Poaceae
and Cyperaceae families include 70% of total weed. Generally, weeds in ecosystems usually change thehabitat
conditions or impact on the resources availability for other species.
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Conclusions

Due to repeated or severe disturbances, agro-ecosystems are limited to the early stages of succession. Thus,
the widespread destruction of agro-ecosystems during consecutive years, by changing the succession, weed
population dynamics was affected as well. It should be noted that the differences of weed distribution in the
various stages of the sampling in both conventional and organic systems, can be related to dissimilarities in
management practices. The presence of various species of grass and sedge family in paddies, could be related to
the ecological niche differentiation, because of ecological divergence amongst the different photosynthetic
pathways (such as C. rotundus, C, and C. difformis, C;) or the variance between water requirements (such as
Echinochloa crus-galli in wet conditions and flooding and Digittaria spp. in dry conditions). Sound management
in these conditions can the switch a threat into an opportunity, so that with regard to interaction among weeds
and other communities such as insects, in rice agro-ecosystems, the emerging phenomena at this level would be
beneficial. It seems, realizing species, structural and functional diversity of weeds in rice agro-ecosystems, can
be result in better management of farm production with the aim of provide ideal use of resources.

Keywords: Clustering, Density, Frequency, Kamargo index, Sympson index
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Introduction

Over the past decades, world attitude has changed towards the reduction of environmental pollutants.
Harmful effects of synthetic fertilizers on environment have been identified. Bio-fertilizers are not harmful to the
environment, but also they have favorable effects on plant growth processes. Soil biotechnology can be defined
as the study of soil organisms and their metabolic processes which may have positive effects on plant yields.
The main goal of this study is to asess the biotechnology fertilizers beneficial effects on soil organisms and their
subsequently to maximize the yield. It is also our desire conside the soil quality, hygiene and environmental
protection along this process. Among the strain of nitrogen-fixing bacteria, symbiotic bacteria such as rhizobium
bacteria are important and essential in planning the sustainable farming systems. Several studies have shown that
crop varieties which inoculated with rhizobium and pseudomonas were superior in yield production and
performance.

Material and Methods

An experiment was designed as factorial performed in randomized complete block design (RCBD) with three
replications in Agricultural Research Center of Golpayegan (Isfahan) during 2010 — 2011. the purpose of this
study was to evaluate the effects of inoculation of two ecotypes of Persian clover by various strains of Rhizobium
leguminosarum. Biovar trifoli bacteria accompanied with plant growth promoting rhizobacteria (PGPR)
Pseudomonas putida was employed to find certain qualitative and quantitative characteristics of clover yield,
The main plots included two local ecotypes of Persian clover; Arak Haft Chin (V) and Isfahan Haft Chin (V2)),
the subplots included inoculation by two strain of Rhizobium; Rb-3, Rb-13 and one strain of Pseudomonas; PS -
168.4 cuts were performed during the experiment and 60 kg/ha seed was used for cultivation based on local
knowledge. According to recommendations of the Institute of Soil and Water the powder used for inoculum was
5 gram from every bacterium seed (Containing 108 x 5 bacteria per gram) for 100 kg seed. For better adhesion
of the bacteria on the surface of seed, water with 20% sugar solution was used. (2) Sampling performed by
harvesting 2 meter of every plot and 2 kg of fresh yield was transferred to oven (48 hours) with (72 °C) to
determine dry matter. The crude protein content was determined by multiplying nitrogen content by the
correction factor (6.25). At the end of the season a few plants from each plot were selected, and the number of
nodules formed on the roots were counted and secondary roots with the highest penetration depth were
measured by ruler. Analysis of variance and the means of treatments were performed using SAS software.
Average interaction MSTAT- C treatments were performed using the software and the treatments were
compared based on Duncan method.

Results and Discussion

The results showed that the qualitative factors have not been affected by Rhizobium and Pseudomonas
bacteria so that the differences between treated plots with control were not significant. The quantitative factors
except for depth of root penetration were affected by inoculation with Rhizobium and Pseudomonas bacteria and
a significant difference between treated plots and control was obtained. Roberts et al. (3) reported that delay in
planting caused plant growth exposure to high temperatures and long days, thus cell walls were stimulated to
increase fiber and protein content and consequently digestibility was extremely reduced. The results indicated
that inoculation by both bacteria (Rhizobium and Pseudomonas) has affected quantitative indicators of growth

1- MSc in Agriculture, Isfahan Research Center for Agriculture and Natural Resources

2- Professor of Ecological Agriculture (organic farming expertise), Islamic Azad University, Karaj

3- Assistant Prof, Department of Agronomy and Plant Breeding, Arak Branch. Islamic Azad University, Arak
(*- Corresponding Author Email: r.azami@yahoo.com)
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significantly and increased fresh and dry yield, plant height, leaf/stem ratio and the number of nodes on roots.
However the results showed that the qualitative characteristics and root infiltration did not change significantly
by inoculation of both bacteria. Plant growth promoting rhizobacteria (PGPR) leaded to an increase in the
growth of quantitative traits. Inoculation with Rhizobium and Pseudomonas putida in most of the cases
combined with the highest growth and treatments without inoculation (control) had the lowest growth as well.
Dilip Kumar et al. (1) demonstrated that the combined inoculation of pea seeds with Rhizobium and
Pseudomonas leads to an increase in plant height, root length and dry weight compared to control treatments.
However the present study has shown the positive impacts of biological fertilizers on some of the growth
parameters, but the important thing is the proper use of biological fertilizers. It was also concluded that the date
of planting in spring is very important and delayed planting can affect forage quality.

Conclusions

This study showed that biofertilizers can have positive effects on growth characters of clover, and requires
more research.

Keywords: Biological fertilizer, Forage yield, Plant growth promoting rhizobacteria
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1- Tolerance Index
2- Mean Productivity



VAP 5l o oyledds MY al> oyl pl oy Glipgpy 4 pis OYF

595 Y 32 Jgene ylol bulyd 15 (5S0ke ysbots (B) 25 plox]
Lo bl Jb Sy Ve o (ghy i balpd 05 )L S
23 (s )b ol g SB )3 35290 Cugb) 4 a2y
sl Jze o ai adlsl & S ya ay ol oo o De=Y e d)lﬁi
() JS8) Ss ) S50 Sk tasky S5 e Sl dn Gialo]
i Loy (S3y05 9 o8 g e (A5 Jlesl (b )
24D sl ) Sy o i sladdls Lojle ln s
Wb ol (Sjdony dls e > (o)l edle HlSe jo xu VO e
ojskee sl 85 ploxl Alsyo 95 (b )l )3 (d (n2g (e
)l o3le JLiSa 53 gt IV (e 4 uad o 1 PS5 (e L
Bl s (oS Sy ooy 50 (ol cudld i odlaiul
leyles cod o S 5l Supp Jpame g 485 ©)g0 anil>
2 ash 0,Slee g cudly y SBBlas jabay gk i g (IS (e
o LS asly po ails 5 Slas s 0lS 5,Sloe 505 g prdaw 5l
Sl ysie plw 93, Slos 59y 2 (liwlyer (w5l G 28
clsal) Bl Glowbre dabl jl walie Glaw wid (5 pSo;lul
: ¢ Yo . V. s
9 (€85 Cyge by oy Jele g JooS (slagadld ulul
b plosl Sline plw (59) 2 pLS 40 P8 0ige 55 015l
Pl STy (bl i 4 Cangliie slaadld SaS L piomen

5l 839 )le b yasls opl &S Cé )5 Oyge (S LIS 4
1-(=
SSF= —g 0

i

TOL =Yp—Y¥s (¥)
Mp==2F (¥)
Tanl;
STE= =F (%)
_ i FpkES
HARM = —I == )
o Fil
RDI = & #)
(o
GMP = [(Tp) (5 (v)
=B
Fi= = (A)
_ s
vSI=1 @)
Fsxiz=
D= —= (V)

ATE= [(Fp—TsipD)| x TR xTs] ()

1- Tolerance
2- VIF

5 = Clie an n B ) p @S g, pB)l ) o3las
abe (8L sl G o Jreodie pLE)1 (plolid 35 5 3)Sles
L 608 Jlo ) lacuner S5 o G305 & Jood (S5
Sadld Gyt By 58 9 QA 4 Jood sl asls edlatl

LE)S Lygo S5 4 Jed

W dg, 9 dge
90 Sos (il oy Slas p (gugb) A5 Sl (y 0 yslaten;

o) pA5 05, YA g9y 1 otalol (15 4 oo gl pas
Sly ol Bty — ooyl sy ShS acyie 3 () Jgi2)
wldhie 2o b gl Ol prd (Byd ogin s peglS e
adByFeogan 0 oldlas Job o Jlod 428> YA 5 a0 YO
WA= elyy Jlw o byd e 5 6520 VoYY glas)l g By
015 g Suld bl g5 dibate ] enall L5 51 05 bl
2 ytS oo oy (ins g sl S 93 53 bdas o S50k
G e 9 S (JBhs sled (1o & by je ML
o) 51 5 WA= ely; Jlw Jsb 5o daalllas 550 adlain
dyg0 dsyie oly; SISV JSb) b B cusasy Sygin
(EC) 58 colam o VIY Uslee PH ¢ og) bl (glyl> oalizul
903 s D90 SBCSP) D9 Yo g (uer) (o3 V00 Jolee
L ohlar JolS oSl b B )5 s o alSlas ibe)]
(el gk G 5 Jomems) olel w99 o0 1S5 aw
e 2 50 YN 0515 Goluly Gigis oy 25005 el (silo]]
bs o g b ¥ ol iy o oS aidy 93 59) 2 54 @
SSsl e 5 aayy 2k s dass & g b s b 5 s
W35 a8 Sol 93 ol 393 Soly pa «Soly Jsb ul3él
o Sl )bl 5l culyp g cuily wwislS el alles alS

g adhate o]))oliS Lawgs 48)5 4 gy b g LSy Gialejl 93
Ojygmo ole GLaghy) 9 ey $5y9liS CliiS S yo drogs
2 Fale ¥ jods CudlS’ Boe g (lod Opgody Hh cullS .88
O3 5 OB Lo 93 40 )3 (tlojl de s (gylol b 4B S L
5 g (oo Bie 3 LSy sk dlis joels dls o U i
2 bl )y S s plosl atty 5 o2 b9y 4 oy
CussShy adaio conl 5 & oY el 5 (ol)) cud )b Cunsy
3 g el ol il o Juad BT sy 45 (5601 ()l
S 4yl ogoil olsly (15 Jlosl oo g9 5 a5l
P Cagbyaop a8 Sloj il )3 Joy S S Uge 4 drg b
a0 (&)l S (PS5 p0j dlas) «/VF dgds 4 A5 ol



OYY  pusS slacaisi 5l B 2 5o Sgby G & Jooi (b3

Jad A1 Gugb s (A5 &1 Jood axllbae )3 (ow )yt 3,90 @5 g (coll -) Jgo

Table 1- Name of evaluated wheat genotypes under late season drought stress
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1- Principal Components Analysis
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Figure 1- Average daily temperature and precipitation in 2010-2011 in research station of college of Aburaihan-University of
Tehran
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Table 2- Fitness of the best multivariate regression model using stepwise regression in terms of grain yield as dependent
character and other evaluated traits as independent characters in wheat genotypes in normal irrigated condition
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Regression Error  Regression Error  Regression Error
ol a2 1 37 2 36 3 35
df
01 35)y i &re s 3 59)k alies @l e o5 i Jobo
. Fertile spike in m? One thousand seed Spike length
Imported trait ;
weight
Sleye 1Sk
Mean of 30.95 0.50 16.90 0.43 11.70 0.41
square
F value 61.5** 38.5%* 28.3**
C“mg'za“"e 0.624 0.681 0.708
Reg. 0.007 0.053 0.237
coefficient
Standard 0.00 0.019 0.133
error
tolerance 0.98 0.99 0.97
VIF 1.01 1 1.02
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** significant in 0.01 probability, * significant in 0.05 probability intercept: -2.84
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Table 3- Fitness of the best multivariate regression model using stepwise regression in terms of grain yield as dependent
character and other evaluated traits as independent characters in wheat genotypes in normal irrigated condition
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Regression  Error Error  Regression Error
@l 1 g7 Uer g 3 35
df df
015 )y Cibo & 5o 3 o)k dlis ks 3 4l 59 S 3 ol 5 Shos
Imported trait Fertile spike inm®  Seed weight in spike Straw yield in ha
oty oo 10.06 0.503 8.92 0.316 6.23 0.30
Mean of square
F value 21.06** 28.24** 20.77**
Cumulative R? 0.362 0.610 0.640
Reg. coefficient 0.003 1.76 0.172
Standard error 0.001 0.379 0.101
tolerance 0.57 0.96 0.57
VIF 1.72 1.04 1.73
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** significant in 0.01 probability, * significant in 0.05 probability intercept: -2.01
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Figure 4- Grouping of wheat genotypes based on first and

second components for stress tolerance indices (for
genotype numbers refer to table 1)
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Figure 2- Graphical presentation of first and second
principle components against each other for water stress
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Figure 3- Graphical presentation of first and second
principle components against each other for evaluated
spring wheat genotypes
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17 stress tolerance indices
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Table 6- Estimation of stress susceptibility index (SSI) in spring wheat genotypes using yield components average in
regression model under irrigated and stress conditions

L] Al 3 &il> slasi (055) 412 5152 339 (2250 50) 595l dlaiuw
Genotype Seed per spike One thousand seed weight (g) Fertile spike (m?)
ey Jb s SSI e Jbo s SSI O Jboys SSI
Atrak 42.53 4997 101 21.68 35.33 2.19 457.33 544.00 0.83
Hirmand 3113  39.63 1.46 32.63 37.02 0.67 406.67 508.00 1.04
Dez 3791 4053 044 30.64 33.75 0.52 455.67 526.33 0.70
Pishtaz 3371 38.00 0.77 32.50 34.01 0.25 615.00 849.00 1.44
Marvdasht 43.67 5310 121 24.47 29.36 0.95 456.67 563.00 0.98
Akbari 36.03 39.77 0.64 39.80 44.83 0.64 593.00 623.50 0.25
Tabasi 34.57 38.23 0.65 34.56 37.71 0.47 590.33 696.67 0.80
Arta 30.87 33.30 0.50 22.13 29.95 1.48 521.33 505.00 -0.17
Rasool 31.10 40.23 154 27.57 35.54 1.27 378.67 442.33 0.75
Sepahan 37.67 4433 1.02 23.37 29.71 1.21 462.67 556.67 0.88
Shiraz 40.00 4420 0.64 24.13 29.55 1.04 611.67 637.33 0.21
Kavir 3730 4733 144 30.16 36.59 1.00 342.00 510.67 1.72
Shiroodi 42,07 5063 1.15 29.72 38.76 1.32 373.00 722.33 2.52
Koohdasht 32.17 3850 112 23.58 31.85 1.47 294.67 377.33 1.14
Naz 28.97 3723 151 36.53 51.29 1.63 545.33 683.00 1.05
Zagros 33.13 4260 151 26.05 31.71 1.01 380.00 440.50 0.72
Navid 33.80 3750 0.67 20.11 25.60 1.22 314.67 421.50 1.32
Moghanl 4093  49.03 112 32.29 35.24 0.47 599.33 626.67 0.23
Niknejhad 3953 4695 1.07 26.10 30.17 0.76 428.00 450.33 0.26
Darab2 3173 3713 0.99 26.13 34.33 1.36 449.33 532.33 0.81
Moghan3 43.77 4940 0.77 29.35 31.83 0.44 300.00 349.00 0.73
Chamran 32.67 46.57 2.03 26.04 3411 1.34 452.00 644.33 1.56
Maroon 34.27 38.60 0.76 31.76 38.63 1.01 344.00 441.67 1.15
Moghan2 39.47 49.57 138 23.97 28.57 0.91 386.00 545.67 1.52
Tajan 37.33 48.70 158 24.19 32.47 1.45 392.67 632.50 1.98
Shole 34.07 3877 0.82 32.07 37.30 0.80 609.00 821.67 1.35
Bahar 39.47 4413 0.72 23.06 32.07 1.59 440.67 613.67 1.47
Mahdavi 4820 55.07 0.85 29.46 34.71 0.86 540.00 654.00 0.91
Baiat 39.70 4193 0.36 29.93 39.91 1.42 504.67 459.33 -0.51
M.Arvand 33.60 38.80 0.91 35.00 40.53 0.77 537.33 610.00 0.62
Azadi 47.07 5755 124 25.07 27.87 0.57 585.00 794.00 1.37
Vireenak 32.33 42.00 156 23.80 29.69 1.13 438.33 515.33 0.78
Karkhe 50.00 50.95 0.13 29.33 31.82 0.44 300.67 606.33 2.63
Cross Alborz  40.87  51.33 1.38 29.26 30.03 0.15 366.67 515.00 1.50
Estar 37.40 4270 084 25.09 31.27 1.12 303.33 438.33 1.60
Sistan 37.00 4200 0.1 37.50 45.22 0.97 535.67 557.67 0.21
S.B.Roshan  36.03 36.30 0.05 35.66 42.34 0.89 400.67 441.67 0.48
Hamoon 37.07 3783 0.14 29.03 35.23 1.00 354.67 349.00 -0.08
Alborz 29.10 38.07 160 32.39 39.17 0.98 445.67 466.67 0.23
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Genotype Straw yield Seed weight in spike (g) Spike length (cm)

ows Jby  SSI o Jboys SSI o Jb s SSI
Atrak 6.07 596 -0.08 1.24 2.06 1.86 8.71 9.30 0.66
Hirmand 6.53 853 0.98 1.37 1.83 1.18 10.17 10.57 0.39
Dez 598 7.12 0.67 1.49 1.57 0.26 8.80 9.42 0.68
Pishtaz 6.89 1014 134 1.45 1.71 0.71 9.28 10.22 0.95
Marvdasht 658 7.14 0.33 1.60 1.74 0.37 8.55 9.31 0.84
Akbari 6.84 7.75 0.50 1.78 2.19 0.86 9.29 10.02 0.75
Tabasi 8.17 10.79 1.02 1.67 1.70 0.08 10.14 10.42 0.28
Arta 478 741 149 1.05 1.19 0.55 9.07 9.91 0.87
Rasool 572 6.86 0.70 1.16 1.65 1.40 9.72 9.93 0.22
Sepahan 524 6.76 094 1.27 1.56 0.86 8.86 9.53 0.72
Shiraz 6.92 950 114 1.33 1.86 1.32 10.70 12.08 1.18
Kavir 458 6.20 1.10 1.53 2.01 112 9.23 9.99 0.78
Shiroodi 428 933 227 1.80 2.17 0.78 9.58 10.52 0.92
Koohdasht 6.09 646 0.24 1.06 1.54 1.45 10.73 11.37 0.58
Naz 532 9.61 1.87 151 221 1.48 9.53 10.11 0.59
Zagros 481 8.00 167 1.06 1.43 1.20 6.32 9.76 3.63
Navid 535 843 153 0.93 1.47 1.73 8.89 10.26 1.37
Moghanl 6.85 7.20 0.20 1.73 2.00 0.62 9.24 9.30 0.07
Niknejhad 6.15 7.81 0.89 1.40 1.57 0.49 9.23 9.65 0.44
Darab2 578 6.05 0.19 1.12 1.64 1.49 6.52 9.80 3.45
Moghan3 382 6.80 184 1.69 1.99 0.71 9.58 10.07 0.50
Chamran 570 828 131 1.13 1.78 1.70 8.51 9.66 1.22
Maroon 378 359 -0.23 1.29 1.76 1.26 9.95 10.71 0.74
Moghan2 718 822 053 1.57 1.79 0.59 9.17 9.78 0.65
Tajan 479 716 1.39 1.29 1.89 1.48 9.42 10.82 1.33
Shole 7.77 1364 1.80 1.48 1.70 0.61 9.23 9.32 0.10
Bahar 565 791 1.20 1.24 1.65 1.14 7.03 10.79 3.59
Mahdavi 6.28 7.04 0.45 1.81 2.24 0.89 10.65 11.55 0.80
Baiat 798 9.64 0.72 1.60 1.94 0.82 9.17 9.52 0.37
M.Arvand 770 1056 1.14 1.59 1.98 0.90 9.28 10.22 0.95
Azadi 8.05 1285 157 1.51 1.97 1.09 10.33 11.27 0.86
Vireenak 566 584 0.13 1.08 1.50 1.30 8.98 9.97 1.02
Karkhe 427 729 173 1.78 2.28 1.01 7.00 7.78 1.03
Cross Alborz 539 731 1.10 1.50 1.78 0.72 10.27 11.00 0.69
Estar 479 653 112 1.20 1.68 1.32 9.42 10.30 0.88
Sistan 758 7.64 0.03 1.86 2.10 0.54 9.95 10.77 0.78
S.B.Roshan 579 585 0.04 1.54 1.90 0.89 9.19 9.22 0.03
Hamoon 478 528 040 1.48 1.65 0.50 9.19 9.42 0.25
Alborz 524 534 0.08 111 1.73 1.66 6.79 10.28 3.49
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Table 7- Estimation of stress susceptibility index in spring wheat genotypes based on seed yield (t ha™®) in normal and stress

conditions
Cwigij o Yp Ys SSI GM TOL STI Harm MP RDI
Atrak 5.00 3.18 0.85 3.99 1.81 0.49 3.89 4.09 1.12
Hirmand 518 282 106 3.82 2.36 0.45 3.65 400 0.95
Dez 5.86 3.93 0.77 4.80 1.93 0.71 4.70 4.89 1.17
Pishtaz 827 440 109 6.03 3.88 1.13 5.74 6.33 0.93
Marvdasht 5.34 320 093 414 2.14 0.53 4.00 4.27 1.05
Akbari 589 436 061 5.07 1.53 0.80 5.01 513 1.30
Tabasi 713 4.69 0.80 5.78 2.43 1.04 5.66 5.91 1.15
Arta 3.88 2.17 1.03 2.90 1.72 0.26 2.78 3.02 0.98
Rasool 477 231 120 3.32 2.46 0.34 3.11 354 0.85
Sepahan 4.61 2.98 0.83 3.71 1.63 0.43 3.62 3.79 1.13
Shiraz 6.13 360 096 4.70 2.53 0.69 4.54 487 1.03
Kavir 589 260 130 391 3.29 0.48 3.61 425 077
Shiroodi 7.26 2.89 140 458 4.37 0.65 4.13 5.07 0.70
Koohdasht 382 210 105 283 1.72 0.25 2.71 296 0.96
Naz 7.66 3.22 135 4.96 4.45 0.76 453 5.44 0.74
Zagros 365 145 141 230 2.20 0.16 2.07 255 0.69
Navid 5.52 1.96 1.50 3.29 3.56 0.34 2.89 3.74 0.62
Moghanl 6.60 5.49 0.39 6.02 1.11 1.12 5.99 6.04 1.46
Niknejhad 471 322 074 3.89 1.50 0.47 3.82 396 1.20
Darab?2 5.79 3.10 1.08 4.23 2.69 0.56 4.04 4.44 0.94
Moghan3 493 246 117 348 2.47 0.38 3.28 3.70 0.88
Chamran 6.69 328 119 4.69 3.40 0.68 4.40 498 0.86
Maroon 520 3.04 0.97 3.97 2.16 0.49 3.83 4.12 1.02
Moghan2 6.06 348 099 4.60 2.58 0.66 4.43 477 101
Tajan 6.99 2.36 154 4.06 4.64 0.51 3.53 4.68 0.59
Shole 720 3.19 1.30 4.80 4.01 0.71 4.42 5.20 0.78
Bahar 6.18 3.73 0.93 4.80 2.45 0.72 4.65 4.96 1.06
Mahdavi 664 436 080 533 228 090 526 550 115
Baiat 625 437 070 523 188 085 514 531 122
M.Arvand 488 325 078 398 164 049 390 4.07 117
Azadi 773 411 109 564 362 099 537 592 093
Vireenak 431 251 097 329 180 034 318 341 102
Karkhe 449 244 107 331 205 034 316 346 0.95
Cross Alborz 553 320 098 421 233 055 405 437 1.01
Estar 471 230 119 329 241 034 309 351 085
Sistan 577 484 037 529 093 087 527 531 147
S.B.Roshan 512 368 066 4.34 144 058 428 440 1.26
Hamoon 447 310 071 372 137 043 366 378 122
Alborz 521 300 099 395 221 048 381 410 101

(51=0.429)
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Continue of Table 7-

g o YI YSI DI SSPI ATI K1 K2 SNPI
Atrak 098 064 063 1599 413 038 048 6.11
Hirmand 0.87 0.54 047 20.75 5.14 0.38 0.34 5.19
Dez 121 067 081 1703 529 076 105 7.70
Pishtaz 1.36 0.53 0.72 34.17 1335 240 2.08 8.05
Marvdasht 099 060 059 1885 505 047 052 6.02
Akbari 1.35 0.74 1.00 13.48 443 0.86 1.44 9.09
Tabasi 1.45 0.66 0.95 21.44 8.03 1.64 2.18 9.14
Arta 0.67 056 037 1511 2.84 012 012  4.00
Rasool 0.71 0.48 0.34 21.68 4.66 024 0.17 418
Sepahan 0.92 065 059 1439 345 028 036 575
Shiraz 111 059 065 2231 680 080 085 674
Kavir 0.80 044 035 2901 7.36 051 031 4.68
Shiroodi 0.89 0.40 0.35 3852 11.43 1.07 0.52 5.20
Koohdasht 0.65 0.55 0.36 15.17 2.78 0.11 0.10 3.87
Naz 099 042 042 3918 1260 139 075 579
Zagros 0.45 0.40 0.18 19.42 2.89 0.07 0.03 2.60
Navid 0.60 035 021 3140 6.68 032 012 3.54
Moghanl 1.69 0.83 141 9.79 3.82 1.52 3.22 12.92
Niknejhad 099 068 068 1318 332 032 046 637
Darab2 096 053 051 2373 651 058 051 568
Moghan3 0.76 0.50 0.38 21.72 4.90 0.28 0.22 4.48
Chamran 101 049 050 2997 910 095 070 596
Maroon 094 0.58 0.55 19.07 491 0.41 0.43 5.67
Moghan2 108 057 062 2274 677 075 076 648
Tajan 073 034 025 4085 1075 078 027 4.8
Shole 0.99 0.44 0.44 3535 1098 1.15 0.69 5.75
Bahar 115 060 069 2162 673 085 095 7.03
Mahdavi 135 066 088 2008 7.00 123 163 848
Baiat 135 070 094 1656 561 103 154 877
M.Arvand 1.00 067 067 1441 372 036 050 6.35
Azadi 127 053 067 31.88 11.6 183 159 7.53
Vireenak 078 058 045 1583 338 019 020 4.70
Karkhe 075 054 041 1808 3.88 021 019 4.48
Cross Alborz 099 058 057 2054 560 052 054 596
Estar 071 049 035 2126 453 023 017 417
Sistan 150 084 126 816 280 090 1.94 1158
S.B.Roshan 114 072 082 1268 357 048 075 7.51
Hamoon 096 0.69 0.66 1205 291 027 039 6.19
Alborz 0.93 058 053 1947 499 041 042 558
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Introduction

Wheat is a major crop among cereals and plays a vital role in the national economy of developing countries.
Wheat (Triticum aestivum L.) is one of the most important crops in terms of acreage and production rates in the
world. This crop has an important role in the food supply. According to the FAO (2010) statistics report, the
average wheat yield in Iran was 2136 kg ha™, while the worldwide average yield was 3009 kg ha™. Iran, with an
average annual rainfall of 250 mm, is located in the world desert belt. Yield loss due to drought stress is likely
higher than other stresses. Therefore, introducing plants with high production under both drought stress and
non-stress conditions is highly regarded. Stress tolerance indices are used for screening drought tolerant
varieties. Tolerance (TOL), mean productivity (MP), stress susceptibility index (SSI), geometric mean
productivity (GMP), stress tolerance index (STI) and modified STI (MSTI) have been employed under various
conditions. Fischer and Maurer (1978) explained that cultivars with an SSI less than a unit are stress tolerant,
since their yield reduction under stress conditions is smaller than the mean yield reduction of all cultivars
(Bruckner and Frohberg, 1987). Mean productivity, GMP, harmonic mean (HM) and STI were reported as
preferred criteria in selection of drought-tolerant barley genotypes by Baheri et al. (2003). Yield Index (Y1)
proposed by Gavuzzi et al. (1997), was significantly correlated with stress yield which ranks cultivars on the
basis of their yield under stress. The genotypes with a high Yield Stability Index (YSI) are expected to have
higher yield under both stress and non-stress conditions (Bouslama and Schapaugh, 1984). Mousavi et al (2008)
introduced Stress Susceptibility Percentage Index (SSPI) as a powerful index to select extreme tolerant
genotypes with yield stability. Fischer and Wood (1979) suggested that relative drought index (RDI) is a positive
index for indicating stress tolerance. Lan (1998) defined a new drought resistance index (DI), which was
commonly used to identify genotypes producing higher yield under both stress and non-stress conditions The
objectives of this study were to evaluate the performance of different wheat cultivars under normal irrigation and
drought stress conditions and to identify the most promising wheat genotypes for drought prone areas.

Materials and Methods

Thirty-nine spring bread wheat genotypes were evaluated under two irrigation regimes, normal and moisture
stress at grain filling period for a year. Under normal conditions soil was irrigated up to field capacity, while
under stress conditions after the onset of flowering, irrigation was delayed until wilting point took place. The
study was conducted at College of Aburaihan, University of Tehran, Iran, in Pakdasht. The experimental design
was a randomized complete block design with three replications. Standard cultural practices were applied for all
experiments. At harvest, grain yield (t ha™) was calculated on the basis of plot area.

Results and Discussion

Under normal irrigation, Pishtaz and Azadi (with 8.27 and 7.72 ton ha™, respectively) and under stress
conditions Moghan1 and Sistan (with 5.48 and 4.84 ton ha™, respectively) had the highest grain yield. Based on
regression analysis under normal and stress conditions, three variables entered the model and in normal
conditions 70.8 percent and in stress conditions 64 percent of yield changes were explained. Based on grain
yield, 15 susceptibility and stress tolerance indices were calculated. Results of correlation, principal component
analysis and biplot display showed that GMP, STI, HARM, MP, YI, DI, MSTI and SNPI indices were the best
criteria for genotype selection with high yield and stability in stress conditions. Cluster analysis (Ward method)
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Aburaihan, University of Tehran

2- Assistant Professor, Department of Agronomy and Plant Breeding Sciences, College of Aburaihan, University of
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was also used based on indices and grain yield in both normal and stress conditions to classify genotypes in
similar classes. Dispersion of genotypes in the biplot, revealed genetic diversity among the genotypes under
drought stress.

Conclusions

Results showed that Moghanl, Sistan, Akbari, Bayat, Dez, Spring Roshan-BC, Mahdavi and Tabasi
genotypes were identified as tolerant and Tajan, Navid, Shirodi, Zagros, Vee/Nak and Kohdasht genotypes as
susceptible genotypes to terminal drought stress. These genotypes can be used for further cross and genetic
analysis for drought tolerance through diallel or generation mean analysis designs.

Keywords: Drought tolerance, Principal component analysis, Regression, Tolerance indices
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Figure 1- Changes in base water potential and hydrotime constant as a function of temperature for seed germination of
Ricinus communis in response to reduced water potential based on Normal (A) and Weibull (B) hydrotime model
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Table 1- Parameter estimates for the fitted hydrothermal time model to germination data of Ricinus communis based on
Normal and Weibull distributions

Model
Model parameters statistics
Distribution® T, Whso Oy Our n
b(50) b MPa A RMSE AIC
C)  (MPa) (MPa) . chy P a B i
928+  -2.04+ 046+  903.32+ -
Normal 0.27 0.01 0.04 73.10 - - - - - 01442 6012
. 8.86 % 833.10+  -1.71+ 159+ 054+ 0005+  0.0001 +
Weibull 0.07 ) ) 0.01 0.03 0.07 0.03 0.002 0.00008 0.0807- " -5081
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Introduction

Temperature and water potential are two of the most important environmental factors regulating the seed
germination. The germination response of a population of seeds to temperature and water potential can be
described on the basis of hydrothermal time (HTT) model. Regardless of the wide use of HTT models to
simulate germination, little research has critically examined the assumption that the base water potential within
these models is normally distributed. An alternative to the normal distribution that can fit a range of distribution
types is the Weibull distribution. Using germination data of Castor bean (Ricinus communis L.) over a range of
water potential and sub-optimal temperature, we compared the utility of the normal and Weibull distribution in
estimating base water potential (V). The accuracy of their respective HTT models in predicting germination
percentage across the sub-optimal temperature range was also examined.

Materials and Methods

Castor bean seed germination was tested across a range of water potential (0, -0.3, -0.6 and -0.9 MPa) at the
sub-optimal range of temperature (ranging from 10 to 35 °C, with 5 °C intervals). Osmotic solutions were
prepared by dissolving polyethylene glycol 8000 in distilled water according to the Michel (1983) equation for a
given temperature. Seed germination was tested on 4 replicates of 50 seeds in moist paper towels in the
incubator. The HTT models, based on the normal and Weibull distributions were fitted to data from all
combinations of temperatures and water potentials using the PROC NLMIXED procedure in SAS.

Results and Discussion

Based on both normal and Weibull distribution functions, hydrotime constant and base water potential for
castor bean seed germination were declined by increasing the temperature. Reducing the values of base water
potential showed the greater need to water uptake for germination at lower temperatures and reducing hydrotime
constant indicated an increase in germination rate by increasing the temperature. Compared with hydrothermal
time model based on the normal distribution, Weibull hydrothermal time model gave a better fit (RMSE=8.07%)
and more accurate (AIC=-5801) to seed germination data of castor bean. Based on Weibull hydrothermal time
model, base temperature and hydrothermal time constant were estimated to be 8.86 °C and 833/10 MPa h,
respectively. The osmotic potential from which the germination begins was (p) -1.71 MPa. The shape parameter
(M) of the Weibull hydrothermal time model implied asymmetry of base water potential data and skewness of
distribution to the right. A right-skewed distribution of Wy, has important ecological implications, as it means
that the seed population have a greater reserve of seeds with very high values of Wy and are therefore slow in
germination, even under optimal conditions. The HTT model assumes that the timing, rate and percentage of
seed germination for a constant temperature to be controlled by the difference between water potential of the
seedbed and the ¥, for a given percentile (Wy)). Most previous studies have assumed that Wy, is normally
distributed. Our results suggested that the Weibull distribution may be more suitable than the normal distribution
for seed germination modeling of castor bean. Similar to the normal distribution model the parameters of the
Weibull HTT model can be readily interpreted to yield information about the frequency distribution of
population for Wy, enabling comparison of the germination behaviors in different seed populations. The
location parameter of Weibull HTT model () specifies the lowest Wy possible value in the population ((Fy())
that cannot be derived from normal HTT model. The median (M) and mode (Mo) can be readily determined by
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equations of & # and & F respectively, from the p, scale (6) and A parameters.
The median specifies the value of Wy sy for the population and the mode will specify the location of the peak of
the probability distribution function for W) Another advantage of the Weibull distribution in this application is
that it can approximate a range of Wy, distributions through changing the shape parameter.

Conclusions

Results of this research were in contrast with the assumption of a normal distribution of base water potential
of a seed population. Hence, before using a hydrothermal time model for predictions the distribution of base
water potential within a seed sample should be examined and an appropriate equation be selected.. Due to the
flexibility of the Weibull distribution, this model provides a useful method for predicting germination and
determining the distribution of base water potential.

Keywords: Base water potential, Hydrotime model, Normal distribution
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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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*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
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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
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P plant consumption
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Rep.(Year) IS5 g Jle 6 8.112 0.078 164.922 0.301 0.042 0.002
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Total xz 47
CV% 15.63 8.47 9.42 12.88 2.36 7.92

* k%
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Ns: Non- significants and == : Significant at the 5% and 1% levels of probability, respectively.
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Table 2- Mean comparison of traits under study
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72 Weight of %A Jole o 2
No. of . Fruit dano s
. fruits per : J pH 0 09
fruits per yield
plant plant (ton ha® Brix Labor
(kg) fy consumption
0 .
per ton fruit
Ju 1th Jsl 29.933a 1.599 a 69.927a  4.081b 4.433a 0.262
Year 2nd 9 22.837b 1.318b 58.210 b 5.108a 4.055b 0.259
cusls Aol 20cm o (Bl Ve 20.505 b 0.914 b 60.278 b 4.506 4.241 0.275a
Planting 30cm s (Bl Y 27.698 a 1611a 70.890 a 4.619 4.241 0.256 b
Space 40 cm o (g5l ¥ 30.952 a 1.850 a 61.036 b 4.658 4.252 0.249b
Aol 5 Lo 1th & 20 cm yo Sl Yo g gl 24.750d 0.974d 64.126 4.080 4.437 0.280
s 1th & 30 cm s (5l Yo g ol 30.500 b 1.781b 78.320 4.056 4.429 0.255
Year & th&40em g slote o s 34550a  2.041a 67.334 4.108 4.435 0.250
Planting 2nd &20Ccm o slo Y- g pg 16.260 e 0.855d 56.430 4.933 4.044 0.270
Space 2nd &30CM e slo¥e gpp 24.896 d 1.441 ¢ 63.460 5.183 4.054 0.257
2nd & 40 cm o 5lo ¥eg pgd 27.354 ¢ 1.659 b 54.739 5.208 4.069 0.249
il o) Several times Gl als yo i 27.866 1528a 66.999 a 4.621 4.254 0.361a
H:;Zf;gg‘g One time FRTSHES 24.884 1.390b  61.137b 4568  4.235 0.159b
1th & Several times lal>,o x> 5 JJ 32,3114 1.665 72.966 3.938 4.442 0.364
Ui9y 9 Jw 1th & one times (ol ab o S 5 Jsl 27.556 b 1.533 66.887 4.224 4.425 0.159
il 2nd & Several times (¢l alsyo x> 5055 23.462 C 1.390 61.032 5.303 4.065 0.358
Year & )
Harvesting 2nd & one times ol abje Sy g0 22.212¢C 1.247 55.387 4912  4.046 0.159
Method

SLsl Sl (laials dix yg0i] )3 doyd gy b O Jlein] ko 53 (g5l xe (g lel @oglés oS e by S Jilis (el (slapSle gt ya 5
In each column, means followed by any letter are not significantly different at the 5% probability levels-Using Duncans Multiple
Rang Test.
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er plant Brix Labor
Fl)ant (k) % consumption
P per ton fruit
- o 20 cm & several times (¢l als o > 5 yio ko ¥+ 21.359 0.946 62.394 4.470 4.245 0.390 a
3 o) 20cm & one times (¢l als yo G 5 yo bo Y- 19.651 0.883 58.162 4542  4.236 0.160d
n X § 30 cm & several times (gl als yo x> 5 yi0 5lo ¥ 29.641 1.696 74.582 4661 4.260 0.357b
i 3 2 30cm & onetimes (ol alsyo S g o b Yo 25.755 1.562 67.197 4578 4.223 0.155d
% E 40 cm & several times (ol s yo s> 5 20 5lo ¥+ 32.659 1.940 64.020 4731 4.256 0.336 ¢
o 40cm & onetimes 4l abye K g o 5lo ¥ 29.245 1.760 58.052 4584 4.248 0.162d
> 1th & 20 cm & Several times gl als o x> ¢ 20 Bl Yoy JJ  26.350 1.030 67.863 4.020 4.437 0.397
% 1th & 20 cm & one times ¢l s yo < 5 yio 5o Yoy Jl 23.150 0.918 60.390 4140 4.438 0.163
3¢ 1th & 30 cm & Several times (ol als o > 4 j20 o ¥rg Jo  33.332 1.845 81.075 3.953  4.442 0.360
o F 1th & 30 cm & one times ¢l b yo G 5 yio 5o Yoy Jsl 27.668 1.718 75.565 4160 4.415 0.150
3 f 1th & 40 cm & Several times gl als o x> g yio ol ¥oy Jo  37.250 2.120 69.960 3.843  4.447 0.335
‘—’3’ §§ 1th & 40 cm & one times ¢l b yo G 5 yio (5o T2 5 Jl 31.850 1.963 64.707 4373 4.423 0.165
2 < 2nd & 20 cm & Several times ol als o x> ¢ jo Sl Yo9pes  16.638 0.862 56.925 4920 4.053 0.383
% E 2nd & 20 M & ONe times (¢l als o S5 5 5o (bo Yo g pgd 16.153 0.848 55.935 4945 4.035 0.158
X2 2nd & 30 cm & Several times gl als yo x> ¢ jio Blo Yogpes  25.950 1.548 68.090 5370 4.077 0.355
R 2nd & 30 cm & one times gl alsyo S, g 20 (ko Yog pos 23.843 1.335 58.830 4995 4.030 0.160
3 2nd & 40 cm & Several times ¢l s yo x> 5 0 5lo Frg 0 28.068 1.760 58.080 5.620 4.065 0.337
> 2nd & 40 cm & one times (gl als yo S5 g yi0 lo Frg pgo 26.640 1.558 51.398 4795 4.072 0.160
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In each column, means followed by any letter are not significantly different at the 5% probability levels-Using Duncans Multiple
Rang Test.
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Introduction

One time tomato harvesting, in addition to labor saving, provides a possibility of increasing the cultivated
area which lead to increase the total output (1). Varieties of tomato that has multiple harvest usually have a lower
density in farm compared to one time harvest (2). In the late 1940s, the processing tomato industry in California
was concerned that expected shortage of labor would prevent harvest of its increasing tomato production.
Commercial use of the new variety and the new harvesting method, began in early 1960s. New harvesting
method had a labor requirement of 2.9 hours per ton, compared with 5.3 hours per ton for hand-harvest in several
times. Total labor use for the crop dropped from 13.5 million hours in the hand-harvest years to about 3.8 million
hours per year in 1997, while fruit yield increased 4-fold (3).

Materials and Methods

This study was carried out in two years (2010-2011) at Mazrae Nemone Astan Ghods Razavi using a
factorial experiment based on randomized complete block design with 4 replications. The first factor was
planting space within row at three levels including 20, 30 and 40 cm and the second factor was harvesting
method at two levels including multiple and one time on tomato variety hypeel 347. Measured traits included
fruit number per plant, fruit weight per plant, yield, as quantitative also pH, brix as qualitative and labor
consumption per each ton of harvested fruit were investigated. Each plot consisted of 5 rows with a length of 6
meters, the plant in the row bilaterally (a total of 10 lines per plot) were planted. Drip irrigation method was
performed using the T-tape with 1.6 liters per hour. Harvesting started in mid-September and ended in late
October. Fully ripe and healthy fruits were harvested and rotten fruits were not collected.

Results and Discussion

Quantitative traits

Analysis of variance showed that the effect of year and planting space on all quantitative traits was
significant while harvesting method significantly affected fruit weight per plant and fruit yield. Interaction
between year and planting space had significant effect on the fruit number and weight per plant. Moreover,
interaction of year and harvesting method had a significant effect only on fruit number per plant.

Means comparison indicated that fruit number, fruit weight per plant and fruit yield in first year were 31.1,
21.3 and 20.1 percent higher than second year, respectively. The highest and the lowest fruit number and fruit
weight per plant obtained on 40 cm and 20 cm, respectively. The maximum yield with 16.2 percent was
observed in 30 cm space treatment compared to 40 cm which had the lowest rate on those traits. The maximum
fruit number and fruit weight per plant obtained in the first year and 40 cm planting space while the minimum
number obtained in the second year and 20 cm planting space,. The fruit harvested at several times had 9.9 and
9.6 percent higher than fruit weight per plant and yield respectively, compared to harvested method at once. The
maximum and minimum of fruit number per plant achieved in the first year and several time harvesting also in
the second year and harvested method at once, respectively with 45.5 percent difference.

Quialitative traits
Analysis of variance revealed that only year had significant effect on brix and pH. Means comparison

1- MSc., Scientific member of Khorasan Razavi Agricultural and Natural Resourses Resarch Center, Seed & Plant
Improvement Department, Toroq, Mashad, Iran

2- Professor, Scientific member of Khorasan Razavi Agricultural and Natural Resourses Resarch Center, Seed & Plant
Improvement Department, Toroq, Mashad, Iran

(*- Corresponding Author Email: khazaeihadi@yahoo.com)



AP 5l F o)led I alo oyl oo ly) Glesirg s 4 pis DAY

showed that pH had 9.3 percent superiority in the first year compared to the second year while brix was 25.2
percent lower in the first year compare to the second year.

Labor working time
Analysis of variance showed that planting space, harvesting method and their interaction had significant

effect on this labor time. Means comparison illustrated that the maximum labor time with 10.5 percent difference
were observed in 20 cm planting space treatment compared to 40 cm which had the lowest rate on this trait. The
fruit harvested multiple times method needed 127.1 percent more labor compared to harvested method at once.
The highest and the lowest labor consumption with 151.6 percent difference, were observed in 30 cm and 20 cm

respectively.

Conclusions
In tomato production increasing and decreasing of harvest’s expenses, increasing within row space from 20

to 30 cm and one-time harvesting method, had a very important role.

Keywords: Brix, Density, Yield component
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Table 1- Physical and chemical soil test results
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Table 2- Mean squares from analysis of variance (ANOVA) for SPAD and RWC of rapeseed cultivars under irrigation

regimes at 7, 12 and 26 days after withheld irrigation

CEJES P . Ol o Sl Mean square
R s34 3
Source of variation df SPAD »sus o Cugby o > RWC
(Days after withheld irrigation) (Days after withheld irrigation)
Y 93 ALe Y s WY ¥ALe
7 Days 12 Days 26 Days 7 Days 12 Days 26 Days
11,55 Replication
2 10.24™ 1.85™ 10.80"™ 0.92™ 2.71™ 2.72™
s Drought stress
- 1 733.72%* 0.51"™ 463.76 ** 583.12** 390.02** 672.04**
<
ol a3 Error A 2 28.24 48.17 1.46 11.53 14.74 12.68
#B,/Cultivar 128.32™ 126.39™ 91.72* 29.71** 33.89** 21.95**
Cultivarx Drought
. - 3 23.32"™ 79.4™ 40.38™ 9.6™ 1.96™ 12.71*
syl Sas
=% s Error B 10 67.92 62.31 15.83 3.35 2.35 3.05
(%) &l yasss oy CV 19.12 16.53 8.18 2.35 1.97 2.24

o pe NS 5 80> B g ) o ;3 )b dze s Sy #
#% and «: significant at 1 and 5 percent, ns: no significant
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Table 3- Mean squares from analysis of variance (ANOVA) for stomata conductance of rapeseed cultivars under irrigation

regimes at 7, 12 and 26 days after withheld irrigation

Ol o Sile Mean square

(sl G55 31 o 39,) slaijey colan
Stomata conductance

Sou:j:ie”g:vi:tion ‘5"); ;?)3 (Days after withheld irrigation)
9, Y 39\ 39,V
7 days 12 days 26 days
), Replication
2 1641.50** 2396.45™ 442.44™
Sas i Drought stress 1 24512.04** 46358.46** 35597.10**
kol slas Error A 2 92.16 2606.13 60577.78
~5, Cultivars 3 350.26* 6328.70* 586.92*
Cultivarsx Drought 3 361.15* 7221.81* 792.92**
=8 slks Error B 10 80.33 1583.29 118.12
(%) & pss o CV 4.26 27.02 11.54

e pe NS g 8o 0 9 ) mhaw jd I ime o Sy 8 g s

#% and =: significant at 1 and 5 percent, ns: no significant
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Table 4- Mean comparisons of RWC, SPAD, prolin, carbohydrate content and MDA of rapeseeds cultivars under irrigation
regimes at 7, 12 and 26 days after withheld irrigation

O Jlosl 51 my 39, dlas Caghy oy glona (slasis 0
O g i osae o9 w1 63 glle
Sia T 1 g5
. Stress (mmol.g"FW) . MDA
Days after withheld levels RWC SPAD Proline (Mgg'FW)  (umol gFw)
irrigation (7) Carbohydrate
55V i Stress 74.13 48.63 30.87 51.8 0.409
7 days 1als Control 86.81 37.57 11.79 65.12 0.505
LSD(0.05) 6.71 5.3 3.7 4.45 0.06
595 )Y ks Stress 75.6 47.8 36.66 69.05 0.45
12 days Jwls Control 88.5 47.6 8.4 57.19 0.516
LSD (0.05) 3.61 1.43 2.1 4.97 0.04
59, V5 i Stress 75.76 53.08 23.48 63.97 0.559
26 days 1als Control 87.25 44.21 4.28 50.4 0.512
LSD (0.05) 2.71 2.12 1.34 5.5 0.11
100 -
80 =
X 6 |
(o_) 60 O Control
E 40 A B Drought Stress
o
20 4
0 L] 1

Qise Triangle Karun SLM046

(055 31 o 39y Y1) g Cudls o 3 RWE Cibio 1315 081 g S (50l oo 31— JS5
Figure 1- Means of comparison of RWC from interaction between irrigation regime and cultivars26 days after withheld
irrigation
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Figure 2- Means of comparison of stomata conductance from interaction between irrigation regime and cultivars26 days after
withheld irrigation
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Table 5- Mean squares from analysis of variance (ANOVA) for prolin and carbohydrate content of rapeseed cultivars under
irrigation regimes at 7, 12 and 26 days after withheld irrigation

iyt pibio . Olrs po (5l Mean square
Source of variation &9 2 oo IS Jsloro (slonid
df Proline Soluble carbohydrate
(Days after withheld irrigation) (Days after withheld irrigation)
sV s WY i%\le sV s WY S\
7 days 12 days 26 days 7 days 12 days 26 days
), Replication
2 0.084™ 1.303"™ 0.05% 62.81* 5.02™ 6.76"™
s Drought stress
. 1 6.709** 575.16** 785.69** 157.07** 442 .2** 387.6**
S
ol slks Error A 2 0.066 0.51 0.31 1.56 12.35 18.52
5, Cultivars 3 0.515** 72.17** 41.33** 161.97** 97.78* 76.39**
Cultivarsx Drought 3 0.402* 28.906** 49.82** 17.81™ 14.49™ 4235.45**
e st ErrOr B 10 0.073 0.38 0.53 90.09 20.85 37.18
(%) &lyess oy CV 14.48 7.84 9.12 10.22 9.56 10.33
D Gropme NS 5 0oy 0 9V paww )0 ) Sixe o gy s g i
=+ and «: significant at 1 and 5 percent, ns: no significant
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Table 6- Mean squares from analysis of variance (ANOVA) for MDA of rapeseed cultivars under irrigation regimes at 7, 12
and 26 days after withheld irrigation

©layo aS5ke
Source of variation KRS Mean square
S 4 i
Oy golie df 22l oglle
MDA
(Days after withheld irrigation)
9V 39, Y 59,71
7 days 12 days 26 days
1,55 Replication
2 0.016* 0.005"™ 0.016™
s s Drought stress 0.212* 0.103" 0.041°
ol slkes Error A 0.002 0.01 0.016
o5, Cultivars 0.063" 0.022 0.049™
Cultivarsx Drought 3 0.015™ 0.005"™ 0.001"™
=55 sles Error B 10 0.002 0.005 0.007
() &l 5 <o y2CV 5.18 9.48 10.37

Do pe NS 5 80> B g ) maw 3 )b dze cug iy # g
= and «: significant at 1 and 5 percent, ns: no significant
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Table 7- Means of comparison of prolin and MDA from leaf of rapeseeds cultivarsunder irrigation regimes at 7, 12 and 26
days after withheld irrigation

oA Jlosl 51 my 39, Sl oG ooy 25T 63 o9l
i Cultivars Proli_rl1e MD'lA
Days after withheld irrigation (mmol.g™.FW) (umol.g™.FW)
Oise 1.56 0.8
nV Triangle 2.19 0.813
7 Days Karun 1.7 0.919
SLMO046 2.03 0.69
LSD (0.05) 0.33 0.11
Oise 5.63 0.88
i \Y Triangle 5.83 0.77
12 Days Karun 7.03 0.803
SLMO046 12.99 0.695
LSD (0.05) 0.93 0.109
Oise 6.01 1.15
9V Triangle 6.4 0.77
26 Days Karun 7.96 0.95
SLMO046 11.76 1.03
LSD (0.05) 1.26 0.14

oo peiged S ,U p3 okl (sbjloi )3 135 o8 15 ol sljaT 9 5 Shos (il 4325 —A Jgo
Table 8 - Mean squares from analysis of variance (ANOVA) for Yield and yield components of rapeseed cultivars under
irrigation regimes at 7, 12 and 26 days after withheld irrigation

©layo a5ke
Mean square
Oyt 2alio 35T s s 5 BYE sluxs &3, 43 ‘|
Sourcﬁviiaﬂon y )df ” I 53 il sl ’ 5 ’ ’f °7 >
Number of grains NS ('?’s) Yield
per pod Number of pod Weight of (kg ha')
per plant 1000 grain
), Replication 2 1.89™ 312.54™ 0.001™ 10038.53™
S5 i Drought stress 1 216" 4902.04™ 0.01™ 12664929.31"
bl slkas Error A 2 0.11 464.04 0.08 49024.41
8, Cultivars 3 50.82" 9507.93™ 0.317 215317.10™
Cultivarsx Drought 3 8.68™ 2002.37 ™ 0.36 ** 331762.12 **
e b s Error B 10 258 920.6 0.01 27375.36
() &5 g 55CV - 6.8 11.67 3.04 7.05

Do pe NS § 8o 0 9 ) mhaw )0 I me oy s g s
#% and «: significant at 1 and 5 percent, ns: no significant
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95 A3 alaey NS ohaas als 4152 o 59
o5 e $25 (o) 255kos
Cultivars Number of Nu(r)lzjbegrOf Weight of YieI(Ei1
grains per pod pplaﬁt 1000 grain (kg ha™)
Oise 19.75 230.67 3.44 2190.25
Triangle 26.75 261.17 3.76 2456.22
Karun 23.55 2315 3.99 2177.78
SLM 046 24.41 3155 3.79 2553.28
LSD (0.05) 2.05 476 0.18 260.7
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Introduction

Rapeseed (Brassica napus L.) is one of the major crops cultivated mainly for oil, human consumption and
renewable fuel all over the world. Drought stress is one of the most important abiotic factors which adversely
affect growth, metabolism and yield of crops in semiarid and arid area. Drought stress during any particular
growth stage of crops causes yield reduction. In order to evaluate the effect of drought stress on vyield,
physiological, morphological and biochemical characteristics of rapeseed in flowering stage, this field
experiment was carried out in Yazd agricultural research institute during 2011-2012.

Materials and Methods

The experiment was conducted in split-plot design based on randomized complete blocks with three
replications imposed. Irrigation was considered as the main plot at two levels including control (irrigation after
80 mm evaporation from class A pan) and stress in the anthesis stage (irrigation after 160 mm evaporation from
class A pan) and cultivars (Oise, Triangle, Karun and SLMO046) were considered as sub plots. Sampling was
carried out 7, 12 and 26 days after drought stress imposed. In each plot, 7, 12 and 26 days after stop irrigation
from flowering stage (drought stress treatment), 4-5 expanded leaves from above of canopy were harvested.
Relative water content of leaves and stomatal conductance were recorded. Soluble carbohydrate and proline
content were measured. The lipid peroxidation level of the leaves was determined by measuring the content of
malondealdehyde. Yield and yield components (number of grains per pod, humber of pod per plant and weight
of 1000 grains) were recorded at maturity.

Results and Discussion

The results showed that drought and cultivar interaction on SPAD value was not significant after stress. The
interaction of the drought on leaf relative water content was significant at 26 days after the stress. The results
revealed that, drought stress led to a significant decrease in relative water content of leaves and stomata
conductance in all cultivars. However, soluble carbohydrates and proline were increased after stress application.
The interaction of drought on soluble carbohydrate was significant at 26 days after the stress.

Interaction of treatments on leaf proline content in each sampling period was significant. The highest content
of proline was observed in SLMO046 (11.76 mM g™ fresh weight) and the lowest proline content was observed in
Oise cultivar (6.01 mM g* fresh weight). MDA content was increased in stress conditions. The highest MDA
content was observed in Oise cultivar (1.15 uM g™ fresh weight) 26 days after the stress and the lowest MDA
observed in SLMO046 cultivar (0.695 uM g™ fresh weight) 7days after the stress. Analysis of variance for yield
and yield components under irrigation regimes showed that, interaction of treatments on grain yield and weight
of 1000 grains was significant. Triangle and SLMO046 cultivars had higher grain yield in compare to the other
cultivars. SLMO046 exhibited the highest stress tolerance and also contained the highest yield, grain weight,
number of pod per plant, relative water content and stomata conductance among all the cultivars. In addition, the
highest and the lowest yield were observed in cultivars SLM046 and Karun (2553and 2178 kg ha™,
respectively), following stress application. Water deficit stress on canola decreased the number of pods per plant
and the number of grains per pod.
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Conclusions

Occurrence of drought stress during flowering reduced the number of grains per pod and canola yield. The
results showed that, there was significant difference between cultivars for crop yield, weight of thousands grains,
relative water content, stomata conductance, proline and carbohydrate content. Increased carbohydrate and
proline content as osmolites caused lower cell water potential. The cultivars had different response to drought
stress and the the highest yield and RWC were observed in SLMO046 cultivar. Sugar and proline in the cell, the
cell water potential decreased. The drought tolerance of SLMO046 was better than other cultivars and had the
highest yield and Relative water content.

Keywords: MDA, Proline, RWC, Soluble carbohydrate, Yield
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Table 4- Effects different densities on vield and vield components
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Introduction
Lots of studies have been conducted for increasing the wheat yield per unit area through sustainable
agriculture, which is included low tillage and no tillage farming systems. Furthermore, nitrogen is the important
element which is used to increase crop yield. On the other hand, if all the required conditions especially cultivar
and fertilizer are at optimum level, but density is not appropriate, the maximum yield per unit area will not be
achieved. Therefore, this study was conducted to evaluate the effect of seeding rates and nitrogen fertilizer on
yield and yield components of wheat cultivars in corn residue.

Materials and Methods
An split factorial experiment in a randomized complete block design with four replications and three factors
including cultivar at 2 levels, (Chamran (V,) and Behrang (V,)), seed density at 5 levels (50 (D), 100 (D,), 150
(D3), 200 (Dy), 250 (Ds) kg ha™) and nitrogen fertilizers from urea source at 6 levels (0 (Ny), 50 (N,), 100 (Ns),
150 (N,), 200 (Ns), 250 (Ng)) carried out in fall of 2011 — 2012 at Agricultural Farm located south of Dezful.

Results and Discussion

The results indicated that with increasing plant density, the number of spike and biological yield increased,
however the number of grain in each spike and thousand seed weight decreased. Moreover, increasing nitrogen
application resulted in increasing the number of spike, the number of grain in each cluster, thousand seed weight,
biological yield and grain yield. seed consumption over than 100 (kg ha™) decreased grain yield . In addition,
applied nitrogen to 150 (kg ha™) significantly increased grain yield. The effects of plant density on grain yield
illustrated that the highest grain yield was obtained using 100 kg seeds per hectare. Furthermore, there were not
any significant differences among 150, 200 and 250 kg seeds per hectare and they were at a lower level of grain
yield. In addition, Chamran cultivar, with 413.70 (kg ha™) average grain yield, was higher in comparison to
Behranlg cultivar and also the best grain yield was obtained in 100 kg ha™ of seed density with the average of 5
ton ha™.

In the present experiment, increasing seed rate to 100 kg per hectare, increased grain yield. Grain yield had
decreasing trend in higher plant density, probably due to high competition, adverse growing conditions and leaf
area index reduction. According to the results of this study, increasing nitrogen to optimal values, which is
depending on the climatic conditions in each region, increases grain yield. However higher application of
nitrogen fertilizer, will not increase the yield proportionally. Nitrogen application with increasing the number of
mature leaves causes increasing the ratio of photosynthesis to respiration, and finally it increases assimilate
materials and yield. When nitrogen is higher than optimum level, shoots will over grow, the number of leaves
which are in shade will be increased. Furthermore, photosynthesis to respiration ratio will decrease and most of
the assimilates will be used by leaves in shadow, thus, the lower assimilates transferred to grain.

Conclusions
In general, plant density and nitrogen fertilizer can be used as important factors to increase wheat yield.
According to the results of this study, Chamran cultivar had higher grain yield compared with Behrang cultivar.
The highest grain yield was obtained in 100 kg per hectare seed density with 250 kg of nitrogen fertilizer per
hectare. Since there were no significant differences between 150 and 250 kg of nitrogen fertilizer per hectare,
100 kg seed per hectare and 150 kg nitrogen per hectare can be introduced as the most appropriate treatment to
increase the grain yield in this experiment. In this study it was observed that by reducing application of seeds
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and fertilizer, the grain yield per hectare was not reduced. Therefore, it seems that to produce enough grain yield
of wheat, as the main crop in Iran, increasing the consumption of seed and fertilizer per hectare is not necessary.
Higher application of fertilizer may increase the costs and environmental risks.

Keywords: Behrang cultivar, Chamran cultivar, Grain yield
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Table 2- Analysis of variance for germination (%), accelerated aging-germination (%), accelerated aging-seedling growth
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Figure 1- Effect of planting dates on seed germination (%o) of three cultivars Williams (a), Sahar (b) and DPX (c)
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Figure 2- Effect of planting dates on accelerated aging-germination (%) of three cultivars Williams (a), Sahar (b) and DPX
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Figure 3- Effect of planting dates on accelerated aging-seedling growth rate (SGR, mg.day™) of three cultivars Williams (a),
Sahar (b) and DPX (c)
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Introduction

Soybean seed germination and seed vigor potential is lower compared with other crops, and it often greatly
reduces at the planting time. The occurrence of unfavorable conditions during seed formation in field causes
severe deterioration of seeds and reduces the seed quality. Planting date is one of the most important influencing
factors on seed quality of soybean in field conditions. Since planting date affect seed quality by changing the
environmental conditions including temperature, relative humidity and rainfall during seed development and
maturation.

Materials and Methods

To evaluate the seed germination and seed vigor of soybean seeds wshich were obtained from various
planting dates, a field experiment was conducted with a split plot arrangement in a randomized complete block
design in three replications in Gorgan University of Agricultural Sciences and Natural Resources in 2011. Main
plot included five planting dates April 20, May 13, June 3, June 29 and July 22, and sub plot consisted of three
cultivars (Williams, Sahar and DPX). About 50 plants were selected and harvested during R7 (physiological
maturity stage) from each plot, and their pods were removed by hand. Then, pods were dried in shade. To avoid
mechanical damage, the seeds were removed by hand from the pods. Ultimately, seed quality was assessed by
seed germination and seed vigor including accelerated aging, seedling growth rate (SGR) and electrical
conductivity tests.

Results and Discussion

According to obtained results, the use of different planting dates caused the change at the beginning and
ending time of seed filling period (R5-R7) of all three cultivars. This event in turn leads to creation different
conditions in terms of temperature, rainfall and relative humidity during seed filling period in all three cultivars.
Therefore Williams cultivar coincided with high temperatures more than two other cultivars, especially in the
early planting dates. While DPX that was serotinous, encountered with lower temperatures and higher relative
humidity. Sahar cultivar that in terms of the maturity group is between these two cultivars, in early planting dates
encountered with lower temperatures compared to Williams and encountered with higher temperatures compared
to DPX. Generally, the air temperature during seed filling period was lower by delay in planting. Planting date
had a significant effect on seed germination and seed vigor, too. Seed Germination of two cultivars including
Williams and Sahar fixed above 90 percent in four planting dates, but it significantly decreased in the planting
date April 20 in Williams and July 22 in Sahar. Planting date affected seed germination of DPX. Accelerated
aging and electrical conductivity tests similarly showed that the early spring planting dates reduced seed vigor of
three cultivars, because it occurred when the high temperatures during seed filling period. Seed vigor of three
cultivars increased with delays in planting, but due to occurrence of very low temperature and high rainfall
during seed development in planting date of July 22, seed vigor of Sahar and DPX were reduced. In this study air
temperature decreased and relative humidity increased during seed filling period of three cultivars with delay in
planting. This issue led to lower seeds vigor in early spring planting dates compared to late planting dates due to
collision of seed filling period with high temperatures. Of course germination and vigor of seeds produced in
early planting dates in Sahar and DPX has always been higher than the seed germination and vigor of Williams.
This was due to the absence of very high temperatures during seed filling period in these two cultivars. Because
the seed filling period and maturity in Sahar and DPX occurred later than seed filling period and maturity of
Williams. So that the mean maximum temperature during seed filling period of two cultivars Sahar and DPX in
all planting dates was always less than Williams. On the other hand, since Williams was precocious, when that
long delay occurred in planting date (July 22), matured before the occurrence of cold, wet and high rain

1,2 & 3- M.Sc. graduate of Agronomy, Associate prof., and Assistant prof of Gorgan University of Agricultural
Sciences and Natural Resources
(*- Corresponding Author Email: Gorzin.Morteza@yahoo.com)
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conditions in autumn, and escaped from unfavorable conditions at the end of growing season. But Sahar and
DPX were forced to deal with such conditions, and therefore their seeds produced in last planting date had a
lower quality.

Conclusions

In summary, this study revealed that planting date with changes in environmental conditions during seed
filling period (R5-R7) has a significant impact on soybean seed germination and seed vigor, and it is not
considered in soybean fields in Golestan province. It was also noted that the choice of suitable planting date for
the production of seeds with high quality, must be implemented according to the cultivar maturity group.
Therefore, it is recommended that to produce high-quality seeds in precocious cv. Williams, planting operations
must be carried out in July and avoided the early spring planting dates. In the case of serotinous cultivars like
Sahar and DPX, it is better that planting operations performed in June, or at the beginning of July, and avoid any
the excessive delay in theirs planting.

Keywords: Accelerated aging test, Electrical conductivity test, Seed quality
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Table 1- Physical and chemical properties of the soil before the start of the experiment

dged Gos Sy Sl Cylan RURT B ojars  Cds BB yhad s B paeliy el
Depth " @l Organic Total Available Available Sk
sample . pH carbon nitrogen phosphorus potassium Soil
(cm) EC (dSm™) (%) (%) (ppm) (ppm) texture
) 29
0-30 0.6 7.6 1.0 0.1 328 374 Loamy
clay
VAN Jlo p3 gl ailble (S,b g (ol Cughy ()l o ;5 (150ke —Y Jgaa
Table 2- Average temperature, relative humidity and monthly rainfall of Yasouj in 2012-2013
obo 0398 Cudgudyl b » 31350 29 R R oul A s o Sid!
Months April May June July  August  September October November  December  January February  March
Sl ke
Slale
Average 10.05 18 2245 256 259 23.1 18.3 125 5.9 3.4 5.7 10.4
monthly
temperatures
(©
Cagb) 5l
Abalo s
Average
monthly 51.0 50.5 345 36.0 365 40.0 52.5 56.5 55.5 54.5 56.0 51.5
relative
humidity
)
slole (Sile
R
Average 359 09 00 00 00 2.0 2.8 62.6 74.7 411 390 844
monthly
rainfall
(mm)
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Table 3- Mean comparison of different sowing patterns anise and fenugreek on weed dry weight

o 5SS (3 S p O SN 09 Sy Sl SS9
Treatr;1ent Total(g r%/_\%/eight Dry Weig(hgt r(])11‘_2(;eciduous Narrow-zga:;qz;y weight
O] A o5 66.20 60.16 6.00
Pure anise sowing
Ry S s 64.13 54.46 9.66
Single row cropping
g S 35.10 30.73 4.40
Double row cropping
) A S 71.33 62.56 8.76
Triple row cropping
Aebid Gl s 72.43 67.90 453
Pure fenugreek sowing
LSD 14.34 16.33 1.83

odalie j bl i o (Trachyspermum ammi) ;Ls; balsw
L)y gyl mixe 5l bgloes cusS Calises (lajlags oS W3S

ol 42515 oL 40 g
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Table 4- Analysis of variance (mean square) quantitative traits measured in fenugreek mixed with anise cultivated under
controlled conditions and lack of weed control

> ad L dlass 5> AYE dlaws > &1y dlass 132 o3 . q s
- J - J ; s u".u;s 5 Slos 5 Sos sl
pS e T g 9 9 I ols K W el
@©; ) x>
S.0.V 2" Height Thenumber  The number  Number of 1000 - .
g - Biological Grain Harvest
df of branches of pod per seeds per grain - . -
. yield yield index
per plant plant pod weight
stbk 2 16n'566 53.40" 81.92"™ 2.12" 0.55"™ 3897.8™ 77.14™ 68.77"™
oc
et 9.25™ 8.24™ 510.14" 0.94" 1.25" 22022.3"  3623.97  40.27™
Treatment
b= 14 17.72 9.52 184.21 0.56 0.37 2419.2 42.84 18.51
Error
) g‘\";(u(;;"o 12.83 16 15.13 4.66 5.57 18.74 5.28 13.13
V.70

A3 o i 1y gl gxe glds dgng pae NS 9 70 o /N gdaws 5D ()l dxe i Ty
, “and ns, indicate significant at 1%, 5% and not significant respectively.
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Table 5- Compare the average quantity measured in fenugreek mixed with anise cultivation under controlled conditions and
lack of weed control

w3 SNas

e g . L. . PH LR ¥ SN &> 3 ,Slas
il il wgr yd EUE Bl 79 09 Biological gy
. 1000 grain weight - Grain yield
Sowing pattern Pod number per plant ©) yield (g m?)
’ (@m?) ’
ol “Ms 100.73 10.05 357.06 160.15
% Pure sowing
§. N . 2y S w“s 92.33 10.78 169.52 112.38
= Fg Single row cropping
g (A2 S5 66.27 11.12 193.10 90.07
e § Double row cropping
£ ) g
| e B 78.87 11.83 229.52 92.38
Triple row cropping
ol i 104.73 10.55 420.71 191.82
< Pure sowing
=% e 81.33 1171 275.24 116.42
2 Single row cropping
s b g S 95.40 11.29 236.67 114.04
@ Double row cropping
) A S 97.87 10.33 217.54 113.49
Triple row cropping
LSD 23.76 1.06 86.12 11.42
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Table 6- Analysis of variance (mean square) measuring the quantity of anise mixed with fenugreek cultivation under controlled conditions and lack of weed control

asld ol
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aila
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4yl
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0.02™

40.8™
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2y 0.61™ 1,931

6.87™

e
Block

226.14™

2606.15™

29031 ™

157"

1100.78 * 44.15™

2497.62 "

0.11 ns

89.48 " 1.39™ 791.24 "

6.30°

16.52™

7

o

Treatment

0.06

1.60 105.77 0.07 768.98 18.49 91.43

2,18 6.16

7.01
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12.86

4
4

8.40
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3

8.24 11.31

10.42

14.65
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, "and ns, indicate significant at 1%, 5% and not significant respectively.
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Table 7- Compare the average yield and its components in intercropping with anise fenugreek under controlled conditions
and lack of weed control
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Treatments The number of Umbels per  grains per plant yie?d yield yield
branches per plant plant (gm?) (gm?) (gm?)
ol WS 9.83 17.6 112.33 123.33 70.07 2.53
Pure sowing
sy ST cuss
= cropping
= i35 S
s (s2)9° Gk
§ é: Double row 8.66 12.26 135.40 63.41 36.82 1.33
% cropping
sy A CuiS
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cropping
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s G 5 cuiS
- u’&_{.))s.)
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o < cropping
sy dw CuilS
cropping
LSD 2.58 4.34 18.01 48.53 7.55 0.43
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Introduction

Due to population growth and food shortage agricultural production is on increasing demand. In this order
increasing cultivation area and yield per unit area are two ways of obtaining higheragricultural production (20).
There is another important way that without incurring additional costs and use of water and fertilizer could result
in higher production. This approach is increasing agricultural production per unit area by growing more than one
crop in a year. Intercropping will be successful when competition for sources is less than competition within a
species. Plants in the mixture can be chosen in a way that a species benefits from environmental changes caused
by other species in mixed cultures directly (7, 15). Intercropping inhibits the growth and development of weeds
and leads to increased production. Since the system will reduce the pesticide use, environmental pollution will be
also less proportionally (37).

Materials and Methods

In order to evaluate the yield, yield components and potential weeds control under intercropping fenugreek
and anise, an experiment was carried out based on a randomized complete block design with three replicationsat
the Agricultural Research Field of Yasouj University during growing season of 2012-2013. Treatments included
pure cultures of fenugreek and anise, single-row, double-row and three-tier intercropping of fenugreek and anise
at no weed control and weed control conditions.

Results and Discussion

The results showed that different intercropping treatments had significant effects on pod number per plant,
grain weight and grain and biological yield of fenugreek and also, on number of lateral branches, number of
grains per plant and grain and biological yield of anise. There were nosignificant effects on plant height, number
of lateral branches, number of grain per pod, harvest index of fenugreek, as well as plant height, number of
umbel let per plant, seed weight and harvest index of anise. The lowest weed dry weight was observed in two
rows intercropping and the maximum dry weight of weeds in fenugreek monoculture, respectively. Evaluation of
land equivalent ratio showed that intercropping of fenugreek and anise is superior to pure culture and single-row
intercropping had highest land equivalent ratio (1.39). Index values of the actual yield loss were also positive,
which indicates the usefulness of mixed culture compared to monoculture of each plant. Among the different
treatments tested AYL's highest were allocated by single-row intercropping treatments in the absence of weed.
AYL minimum belonged to two rows intercropping treatments and without weed. All positive values of AYL
indicated the utility of intercropping. Therefore it can be concluded that intercropping in all proportions,
combined with the principle of protection, is benefiial. The effect of weed control on grain yield in the absence
of fenugreek was observed in single-row, double and triple rows cultivation without weed control, respectively.
This resulted in a decrease of 3%, 21% and 18% vyield, and indicates a greater impact of single row cultivation
on the weed control. It speculated that the higher nitrogen fixation under the triple rows may help higher weed
growth.

Conclusions
Results showed that higher yield in treatments of intercropping compared to pure culture. Other indicators
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also showed the utility of intercropping, mixed farming profitability. In this study for all treatments,
intercropping, and land equivalent ratio was greater than single cultivation. Thus achieving higher LER than one
indicates that mixed cultures compared with pure cultures of environmental resources, such as light and nutrients
more effectively used as components of mixed cultures were complementary. This advantage is due to
physiological and morphological differences between the components that are in mixed cultures. It seems to
increase the diversity of crop species and increases the competition between crops and weed species, more
efficient allocation of resources and their distribution among crop species occurs, resulting in reduced weed
infestation. Absorption of light by a dense canopy of intercropping, reduces the amount of light loss by the
canopy and thus reduces weed growth and seed germination. Fenugreek and anise single-row intercropping is
better than pure cropping.

Keywords: Actual yield loss, Essential oil, Land equivalent ratio, Mix crop, Weed
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(P) uud  (K) prliy
e EC
SBoegly o @A SN . . .
? . mg.k 5 3 (owd
Soil texture VN (MEKET) p5s o 25 L oH (r“)-!w*“i)u"“)
ds.m
s p9 0.35 4.8 386.3 7.8 1.8
Clay loam
oielejl Joce owliller Slof - Joua
Table 2- Weather data of experiment site
Sl (55l busgio ) MV e
oilojl slaels (0 ske) sl el buusio l
Jw Month Th thiv raintall Average hours of The average monthly
Year on e average monthly rainfa sunshine temperature
(mm) ;i
()
(June) sl 0.5 3195 18.32
WAV (July) ,5 0.5 3339 22.11
2008 (August) s1s 5o 0 3326 23.1
(September) 4 0.5 0 320.2 19.6
(October) e 0 275.1 12.5
(June) sl 0.75 320.4 18.56
AL (July) ,5 0.5 3353 23.94
2009 (August) sls, 0 337.4 25.01
(September) 4 0. 0 3225 20.18
(October) e 0 261.1 14.10
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2- Assimilates
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Table 4- Mean analysis of main effect on some of the test traits

Oiigy U joy sl aalS oo 2 0,93 Job RIRY: JEN TN
ol Gt 3 Sl dlass as )30 Jol§ (39) (39) Amount of
Trea':m:ents Stem no per plant Day to Flowering Flowering reducing sugar
overlapping date (day) longevity (day) (mg.100g ™)
M) el o
Irrigation
L] D
Sl e 5.16¢ 57.86a 39.26 d 11.46 ¢ 36.75a
50 %
L] 5.
Sl 2 5.46 ¢ 5933 a 40.76 d 1226 ¢ 3551 a
60%
{ .
Sl 2o ¥ 5.60 abc 5430 b 4523 ¢ 15.73d 23.24 b
70%
Lol Ae
Sl 2 6.16a 51.50 ¢ 49.76 b 17.53 ¢ 14.56 ¢
80%
L] Q.
Sl 2 526¢ 46.66 d 5276 22.66 b 14.50 ¢
90%
] Yoo
Sl 2oy 5.93 ab 43.83 ¢ 53.03a 24.40 a 14.16 ¢
100%
(OBK) o5)
Clone (cultivar)
Sante (control) 591b 4270 4097 b 11.00b 22.32Db
Savalan 6.44 a 5341 a 4788 a 18.80 a 23.43 ab
3970015-13 591b 53.66 a 48.86 a 18.88 a 23.93 a
397008-2 5.05¢ 52.56 a 48.05 a 18.66 22.89 ab
3970097-1 472 ¢ 53.19 a 4825 a 1936 a 22.03 ab

Sl o3 gy Jlein] gl )3 (6l sime (ko] Cglis (SOl (glaials dix 905l 53 (S pie gy (el (el pSilo gim p 4

Labels with same letters on every column are not significantly different at 5% by DMRT.
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Figure 1- Interaction effect of irrigation treatment with cultivar on ripening time
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Table 5- Mean comparison of interaction effect of irrigation with cultivar in fresh and dry root weight

P T et & FEERES - . e 5 P os 059 "'..'. 0}9
Ady ) (e Ay T (g9 Ay T (039 Ay s (459 ) )

Solel sled ) el y
Irrigation REIISS (_‘ o 0) (¥ el 0) (Y_‘ A 2) . () el 0) (Y als 50) (¥ dls o)
treatment  Clone/cultivar  Firstfresh  Second fresh  Third fresh  Firstdry root .
root weight ~ rootweight  root weight weight Second dry Third dry
root weight root weight
Loy B Sante 46.98 1 61.19d 70.75 m 9.391 12.23d 14.15m
Savalan 51.09 jk 66.04d 72.45 Im 10.21 jk 13.20d 14.49 Im
50% 3970015-13 4931k 63.78 d 70.34 m 9.86 k 12.75d 14.06 m
397008-2 50.89 jk 68.14d 73.79 jkl 10.17 jk 13.62d 14.75 jkl
3970097-1 45951 61.04d 71.83 Im 9.191 12.20 d 14.36 Im
Sante 50.43 jk 64.12d 73.05 klm 10.08 jk 13.02d 14.61 klm
Savalan 54.00 h 65.57d 72.34 Im 10.80 h 13.11d 14.46 Im
sop P 3970015-13 51.591j 64.60 d 75.60 ijk 10.31 §j 12.92d 15.12 ijk
397008-2 53.60 hi 67.72d 78.05 hi 10.72 hi 13.54d 15.61 hi
60% 3970097-1 51.65 ij 63.60 d 75.73 ijk 10.33 ij 12.72d 15.14 ijk
Sante 50.54 jk 62.34d 73.92 jkl 10.10 jk 12.46 d 14.78 jkl
Savalan 51.821j 67.27d 76.61 ij 10.36 i 13.45d 15.321j
2op Ve 3970015-13 52.10 hij 65.21d 79.80 h 10.42 hij 13.04d 1596 h
397008-2 52.43 hij 66.17d 79.73 h 10.48 hij 13.23d 1594 h
70% 3970097-1 46.86 1 61.47d 72.42 Im 9.371 12.29d 14.48 Im
Sante 67.02 g 93.54 ¢ 121.97 efg 10.60 g 18.70 ¢ 24.39 efg
Lo Ae Savalan 71.72 ef 97.16 be 121.16 efg 14.34 eh 19.43 be 24.23 efg
3970015-13 70.59 f 100.71 abc 120.37 fg 1411 °f 20.14 abc 24.07 fg
80% 397008-2 73.20 de 99.03 abc 121.70 efg 14.64 de 19.80 abc 24.34 efg
3970097-1 70.81 98.21 abc 11935 ¢ 14.16 f 19.64 abc 2387 g
Sante 71.98 ef 95.55 abc 123.61 de 14.39 ef 19.90 abc 24.72 de
Loyd A Savalan 78.87 be 100.74 abc 124.81d 15.77 be 20.14 abc 2496d
3970015-13 79.65 abc 97.03 be 122.61 def 15.93 abe 19.40 be 24.52 def
90% 397008-2 77.89 ¢ 102.42 abe 12839 ¢ 15.57 ¢ 20.48 abc 25.67 ¢
3970097-1 74.79d 99.000 abc 121.61 efg 15.97d 19.80 abc 24.32 efg
Sante 79.23 be 105.03 ab 141.12 ab 15.84 be 21.00 ab 28.22 ab
Ao Voo Savalan 79.55 abc 105.38 ab 142.66 a 15.91 abce 21.07 ab 28.53 a
3970015-13 80.73 ab 108.58 ab 14323 a 16.14 ab 2171 a 28.64 a
100% 397008-2 8143 a 9290 ¢ 141.95a 16.28 a 15.58 ¢ 28.39a
3970097-1 78.63 b 101.80 abc 138.59b 15.72 be 20.36 abc 27.71b
Within each column means followed by the different letters are significantly different at 5% by DMRT.
1.8
2=
4 2 14
4 =
23 12
B 1
% f 08 —#— 3970097-1
Iy 5 06 —— 397008-2
T2 04 /\‘\"\,f,, —a— 3970015-13
4,5 - —+— Savalan
& ——
é‘ g 0.2 o s SR e
= 0
50%  60% 70%  80% 90% 100%
el o0
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Figure 2- Interaction effect of irrigation treatment with cultivar on production of small, malformed and unmarketable tubers
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Introduction

Water deficiency is the main factor that limits crop production in arid and semiarid regions. Due to limitation
in water resources, low efficiency of water in surface irrigation method and irregular rainfall application of
sprinkle and triple irrigation methods is inevitable in more regions of Iran. In this respect, it is crucial to employ
methods that can improve water use efficiency and do not damage the sustainable production of potato in these
regions. Introduction of some potato cultivars that have good capability of yield in deficit irrigation is
anopportunity in this case. In previous study new released potato cultivar (Savalan) and three other promising
clones had more yield and growing potential compared with Agriacultivar. Therefore, it was necessary to
evaluate new cultivar (Savalan) and promising clones in water deficit irrigation. In this respect, as is expected, if
cultivars or clones have more tolerance to water deficit they canbe suitable cultivar candidate and germplasms in
water critical water conditions in many regions of Iran.

Material and Methods

This experiment has been conducted in Agricultural and Natural Resources Research Center of Hamedanin
split plot design based on Randomized Complete Block in three replications with two factors, including: 1.
Water deficit irrigation treatment, 50, 60, 70, 80, 90 and 100% of regular potato irrigation requirement. 2. Three
clones accompanied with Savalan and Sante Cultivars. Irrigation system was tape method. Irrigation treatments
were established immediately after cultivation of tubers. Water requirement was calculated through corrected
vapotranspiration (ETo) determined by Penman-Monteith equation considering 90% water use efficiency.
During the growing season, fewgrowing indices including, flowering longevity and harvesting time were
recorded along with measurement of dry and fresh root weights. Total yield was measured by selecting randomly
of 2 m’in every plot. Harvested tubers were separated as marketable and non-marketable. Reducing sugars of
tuber were calculated by titration and volume accuracy method. Tow-way analysis of variance (ANOVA) of the
data was carried out using SAS software and the means were compared through the Duncan’s Multiple Range
Test.

Results and Discussion

multiple analysis of variance of two years demonstrated that water treatment and clone effects were
significant at 1% o level on number of stem, time and longevity of flowering, overlapping time, senescing time,
fresh and dry root weight, unmarketable yield and total yield. Water regimes had significant effect on reducing
sugars but cultivar had not the same effect. Means comparison of main stem showed that providing 80% water
requirement had uppermost effect (No average of 6.16 per plant), since it didn't significant difference with 90%
and 100% of water requirement. Canopy overlapping time delayed as water supplement decreased. Three clones
and Savalan showed similar reaction, but differences were significant as compared with other cultivar (Sante).It
seems that supplementing of water requirement as 70% and upper than that have intensified the effect of cultivar
on time of flowering and its longevity. Mean comparison of fresh and root dry weight showed significant effect
of interaction between cultivar and irrigation levels. 397008-2 clone had more fresh and dry root weight in all
irrigation levels as compared to other clones and cultivar. Mean comparison showed that 50 and 60 percent of
water requirement increased in tuber. Three higher levels of irrigation regimes (80, 90 and 100 percentage of
water requirement) showed the same effect on reducing sugar of tubers and didn’t show si%niﬁcant difference
with each other. Supplying water requirement (100%) produced highest yield (6.25 kg m™) and didn’t show
significant with 80 and 90 percent of water supplement. In this research, there were different reaction between
clone/cultivar in main stem and overlapping time for different irrigation regimes. The differences of flowering
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dateand its longevity between clones in different water treatments demonstrated that although flower longevity
of potato is a qualitative trait related to cultivar inherit but it can be affected by environment condition like
temperature, light intensity and soil moisture. In this research there have been remarkable changes in reducing
sugar of tubers under different irrigation levels. Therefore we can conclude that by determining good strategy for
water use management in potato, both water stresses and higher reduction of sugar can be avoided. This result
was consistent with previous studies (12, 14 and 18) that evaluated the effect of water stress and water deficiency
on qualitative characters of potato. Decreasing 20 percent water requirement of potato, resulted only 0.7 kg
decrease of total yield per square meter. As a result, it can be save more than 40 million cubic meter of water
only in Hamedan state every year. Moreover, if we apply some suitable cultivars same as Savalan and other
promising clones that have more tolerance to water deficit, it can be more efficient.

Conclusions

Totally, the result of the this research showed that decreasing water requirement of potato until 20% not only
did not impair the growth and performance of potato but also did not show adverse effects on qualify of
harvested tuber. It is also found that Savalan and two clone had more advantage in comparison with others.

Keywords: Water stress, Irrigation treatment, Potato, Yield and growth reaction
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