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Figure 1- Effect of Irrigation regimes on shoot and leaf dry weigh of bean genotypes
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Figure 2- Effect of Irrigation regimes on grain weight and dry matter of bean genotypes
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Figure 5- Effect of Irrigation regimes on crop growth rate (CGR) and relative growth rate (RGR) of bean genotypes
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(BMD), Net assimilation rate (NAR), Crop growth rate (CGR) and Relative growth rate (RGR) with seed yield (SY). *, **
significant at 0.05 and 0.01 level respectively
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Introduction

Pinto bean (Phaseolus vulgaris L.) is one of the most important bean types in Iran. Cultivation area of pinto
bean is about 50% of the total bean cultivation area and more than half of the grain bean production belongs to
this type of bean. Drought is the most important environmental stresses that affected agricultural production in
arid and semiarid areas and reduced crop productions. About 90 percent of Iran located in arid and semi-arid
areas where water stress in the plants is inevitable. In addition, 60% of bean cultivation area in the world are
faced with drought. Quantitative analysis of crops growth under water limitation condition is a good way to
identify genotypes differences in response to drought stress.

Materials and Methods

In order to study the impact of deficit irrigation on pinto bean genotypes, an experiment was conducted as
split plot based on randomized complete block design, at Shahrekord University, during 2013. Main plot was
irrigation regime (supply of 100, 80 and 60 percent of crop water requirement) and sub plot was pinto bean
genotype (Taylor, Sadri, C.0.S.16, KS21193 (Kooshal93) and KS21486). Seeds were disinfected with benomyl
fungicide before planting. Planting was conducted in 30 plant m? density. Crop water requirement was
calculated by FAO Penman-Monteith equation. Irrigation regimes were applied at V4 stage (4th three foliate leaf
has unfolded) and continued until the end of the growing season.

Results and Discussion

Results showed that there is genotypic variation in stem, leaf and seed dry weight, leaf area index (LAI), leaf
area duration (LAD), crop growth rate (CGR), relative growth rate (RGR), net assimilation rate (NAR) and
radiation use efficiency (RUE) in response to deficit irrigation. The dry matter accumulation of bean genotypes
was sigmoidal shape and reduction in water use causes degradation of dry matter both in terms of the amount of
dry matter and dry matter accumulation rate.

The highest RUE was recorded in KS21486 in supply of 80 percent of crop water requirement (3.21 g MJ™).
RUE changes to the reduction of irrigated water vary from genotype to genotype. So that, RUE of Taylor, Sadri
and C.0.S.16 reduced and RUE of KS21193 and KS21486 increased in supply of 80 percent of crop water
requirement condition. Moreover, RUE of all genotypes reduced in supply of 60 percent of crop water
requirement condition. In fact, the amount of light absorption and biomass production reduced due to deficit
irrigation. Under drought conditions, reduction in water availability decreases cell growth and subsequent
reductions in leaf area index. Thus ratio of dry matter produced by the absorbed light is low and radiation use
efficiency will be less. Drought stress reduced total dry weight. KS21486 had more rapidly seed dry weight
enhancement rather than the other genotypes in the early stages, however Taylor and KS21193 had highest seed
dry weight in all three levels of irrigation. Deficit irrigation decreased leaf area index in supply of 60 and 80
percent of crop water requirement condition compared to supply of 100% of crop water requirement condition.
Maximum leaf area index in supply of 100, 80 and 60 percent of crop water requirement conditions were 3.1, 2
and 1.5, respectively. Average reduction of LAD in supply of 80 and 60 percent of plant water requirement
conditions were 27 and 42 percent respectively. C.0.S.16 showed the highest CGR and maximum NAR and
RGR, in supply of 100 percent of plant water requirement. In supply of 80% and 60% of plant water requirement
conditions, KS21486 had the maximum NAR and RGR.

1- Crop physiology student, Ferdowsi University of Mashhad

2- Professor of Crop physiology, Ferdowsi University of Mashhad
3- Associate Professor of Crop physiology, Shahrekord University
(*- Corresponding Author Email: nezami@um.ac.ir)
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Conclusions

Biomass duration (BMD), LAD, LAI showed the highest correlation with grain yield, thus they are
appropriate indicators to estimate grain yield under different moisture conditions. With the increase in leaf area
index, leaf area duration and biomass duration, seed yield increased. To obtain more seed yield, the area of

photosynthetic levels (leaves) and stay green must be increased to produce more photosynthetic products and
allocated to seeds.

Keywords: Crop Growth Rate, Leaf Area Index, Net Assimilation Rate
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Table 1- Physical and chemical properties of soil

ol o EC TNV N O0.C Sand Silt Clay P K
Time ds m* A ppm
9> el 48 7.8 43 121 0055 03 568 234 198 55 1217
Before planting of barley
9 bl sl 3.5 11.6  0.040 028 58 24 20 717 1208

After harvesting of barley
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Table 2- Results of analysis of variance of soil chemical properties under different tillage and residue treatments (mean of

square)
% ae,» Ppm
a0
% aalo e ] lens o N
”":oé:} @l el SpSega SR d e e e o
s df  (pH)  EC(dS.m?)  swisd (TNV)'  (N) (OC) ‘?(’;N) ) (K)
Replication . ns . s . s s
|5 0.000 0.521 0.140 0.001 0.007 6.808 5.268 1025.778
J
Tillage 2 y 1.174™ 4" 1m 2™ 1.042™ 14.299™ 2835444 *
oS 0.068 . 0.06 0.000 0.00 .0 299 835.
error a
s 4 0.004 0.036 0.273 0.0001 0.005 1.358 22.450 351.556
Residue .
" 2 0001™ 0.848 0138 ™ 00001 00001 ga7om 5gorm 3124447
bliy X (g5,95s
Tillage x 4 0.016 0.151™ 0.060 ™ 0.0001™  0.003™ 0.442 ™ 3.197™ 165.889 ™
Residue
error b
s 12 0.017 0.200 0.051 0.0001 0.004 2.206 4.661 660.907
Coefficient 1.68 12.79 1.95 13.20 13.08 21.12 23.11 21.31
Variation (CV)
7N g 70 Jlain] pdaws 45 45 dxe g 45 dxe b oS4 ¥ 4 F NS
ns, * and **, respectively, non-significant and significant are levels 5% and 1%
SE lowd Oluogad p L (5w 9 55,056 Al bl 51T Jgaa
Table 3- Effect of different tillage and residue treatments on chemical soil properties
. . Jp— EC T.NV o o.C CIN P
ginSeolsTilage  PH gsm) e N o @) ppm) KPP
Jshe 55 S 7800° 3911% 1159  0042°  0296° 6526° 57337 1053°
Conventional Tillage (CT)
S 7.811°  3.348° 11.72° 0.042%  0270% 6.316°% 7.689% 1166%®
Reduced Tillage (RT)
SinSbe 7.956%  3.238° 11.57° 0.038°  0273% 6370% 80897 140.1°%
No Tillage (NT)
L L Residue
. L) le o 7.856 ¢ 3.7922 11.53°2 0.0422 0.284°2 7.140%  7.556°? 11492
Without Residue (0%)
. bl 202 Y ba 7.8442 3.524 11.58°2 0.0412 0.281% 7.128%  7.644°? 120.42
Residue Retention of 30%
bliy 207 L 7.867 2 3.180° 11.77°2 0.0402 0.273% 6.833% 6.311°2 126.72

Residue Retention of 60%

5 b e MBI 0 Jlesnl o 13 g (S (glasaly dix (g0l Al did S ynde By S (gl JBlis a5 gt yb slacnSile
Means followed by the same letters are not significantly different by DMRT at 5% probability level.

1- Total Natural Volume



WAY 50l F oyleds 08 o oyl oely) lesirgy apis  OYF

Onlo Ll oljae 9 (959 5 il oyl Codi g2 (i polis (G900 9 Spae (1) 53, (il yly 1525 gl - € Jgsa

Sla e

Table 4- Results of analysis of variance of yield, nutrient use efficiency and nutrient productivity of barley under different

S0 2l $39°2%¢
R % Ppm oEliy | Gpae =1
r?oc;z/% @il Ojars | wd ol
o d.f &> 3 Slos e e e owlis
T 0394 S
Grain vield NUE NP PUE PP KUE KP
y () ) ()
Replication
p)l < 2 90600.259™ 56.350% 81560" 902320 goyine  gozan 10825 go10m  gosgn  gazem
Tillage
J,gu 5 455620037 10078 ) gocn 8316489 ,oooon 18548 53883 60203 45458 oo,
).
error a
s 4 312189.537  7.847 443671 4858750  19.099 13216  36.774  16.813  31.403 1.226
Residue
G 2 130150259 g 15gm 739772+ 4071970 gq75m  gpgym 15245 42453 13003 g9qm
Ll X 65,08
Tillage x 4 104800704 14624 g 5pgns 2376140 gaggm  gegrne 12986 ggggm 10404 g ggyns
Residue
error b
s 12 206531.000  7.706 246,872 4280206  12.551 8.557 24513 18211  20.674 1.096
% lyuss oy
C\;’::f;f_i;:‘t 26 13.02 14.41 51.51 13.79 12.99 12.35 13.05 14.78 13.03 15.41
1au
(cv)

NS & g X% 7N 70 Jlaan gaw 1 )b ine g 45 dxe ol
ns, * and **, respectively, non-significant and significant are levels 5% and 1%

# i polis (215 559850 9 Bpan ) 32 (555986 Sb)less ST-0 Jga
Table 5- Effect of tillage treatments on nutrient use efficiency and nutrient productivity of barley

SirpSB e Nutrient use efficiency & yas 1) Nutrient productivity _e<l); (,90 0
Tillage N P K N P K
Jslize syt 24.4° 28.7° 7.096% 28.0° 38.9° 35,8
Conventional Tillage (CT)
g 22.0° 26.4° 5.863° 25.2° 32.2° 32.%*
Reduced Tillage (RT)
$hrySb 24.6° 31.5% 7.391° 28.6° 39.7 36.6"

No Tillage (NT)

55 g e BB 0 Jlesnl o 13 g (b (glasaly dix (g0l Al did S ynde By S (gl JBlis 45 gt ya (sl Sl
Means followed by the same letters are not significantly different by DMRT at 5% probability level.
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Table 6- Effect of residue treatments on nutrient use efficiency and nutrient productivity of barley

L Co e Nutrient use efficiency & pas 1,5  Nutrient productivity £l,; 5,90 52
Residue N P K N P K
i (42) wf o 28.3¢ 39.4° 36.3° 24.6° 29.9° 7.005%
Without Residue (%0)
| MaaonT e 26.9° 37.5° 34.5° 235° 30.4° 6.946°
Residue Retention of (30%)
Bl hop 7 bl 26.5° 36.9° 33.9° 23.0° 26.4° 6.411°

Residue Retention of (60%)
505 g yld e M V0 Jlon) paws 53 g 5SS (glasals dix g0 Al p dien S pie B K gy JBlus 45 gt b cla 1 Sle
Means followed by the same letters are not significantly different by DMRT at 5% probability level.

2 e polis (£1)5 5y90 0 9 Span (T)S 2 L im0 9 (55,95 Slajlowd (S 5 -V g
Table 7- Interaction effect between tillage and residue treatments on nutrient use efficiency and nutrient productivity of

barley
Ll 45 (55,081 ke 31 Nutrient use efficiency < mae 1,5  Nutrient productivity 1,5 5,92y
Tillage x Residue N P K N P K

Ll oo+ Jslise 6555515 (CTRy) 29.8a 41.4a 38.10a 26.1a 29.0ab 7.179ab
Ll /¥ Lis + Jolce 55,555 (CTR,)  28.2a 39.3a 36.13a 24.8a 31.1ab 7.433ab
Ll 75+ Las + Jglite 5,5,5515 (CTRg) 25.1a 36.1a 33.20a 22.4a 26.1ab 6.676ab
Ll ot + 65555508 (RTRy) 24.7a 34.4a 31.70a 21.8a 27.3ab 5.882ab
L, 27 bas + (65,0565 (RTRY) 25.6a 35.6a 32.73a 22.1a 29.0ab 6.343ab
L, 75 bas + (65,0505 (RTRy) 25.4a 35.4a 32.60a 22.1a 22.8b 5.454b
L n + 655556 o (NTRYy) 30.5a 42.4a 38.97a 25.7a 33.3a 7.954a
Lla, 7Y bais + (55,051 o (NTRy) 27.1 37.7a 34.63a 23.4a 31.0ab 7.115ab
Lla, 75+ bais + 55,051 o (NTRg) 28.2a 39.2a 36.07a 24.6a 30.3ab 7.103ab

I sine M oy 208 (LSD 5%) 5.8 8.8 8.09 5.2 7.6 1.862

S5 20 )3 O Jlosn] a3 51 (yg0jl b (6o me M3 ailite g gyl (glapuSilie
Means followed by the same letters are not significantly different by DMRT at 5% probability level.

CTR;: Conventional Tillage + Without Residue, CTR,: Conventional Tillage + Residue Retention of 30%, CTR3: Conventional
Tillage + Residue Retention of 60%, RTR;: Reduced tillage + Without Residue, RTR,: Reduced tillage + Retention of 30%, RTRj:
Reduced tillage + Retention of 60%, NTR;: No tillage + Without Residue, NTR,: No tillage + Residue Retention of 30%, NTR3: No

tillage + Residue Retention of 60%
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Table 8- Analysis of variance of dry weight of barley in different development stages (mean of squares)

2! aodiw I . .
SOV af T .y u.,wvef; L& (5 mos 41>,n
ST:)TIPeIIZ? Anthesis Dough stage grain
Replication 1,55 2 873.144 ™ 11967.240 ™ 1564.855 ™
Tillage (55 2 154.761™ 6617.284 ™ 1008.552 ™
error a s 4 1730.584 10186.762 34050.926
Residue Ll 2 2669.446 ™ 7379.063 ™ 9813.137™
L XusigSt 4 1178.059™ 4699.438™ 34722.812"
Tillage x Residue
error b s 12 2152.966 7789.331 15174.038
Coefficient Variation 24.94 2181 19.53
(CV)

** *

TN 570 Joisl o 53 )5 gme g o ime e e ia *F
ns, * and **, respectively, non-significant and significant are levels 5% and 1%
aily 5y Al po ¢ JLidlod 3 (2ol apliins 903 Jo1p0 )3 (2lsp slaplail Sis 5
Shoot dry weight in the developmental stages of terminal spikelet, anthesis, dough stage grain
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Figure 1- Effect of different tillage methods on dry matter production and accumulation of barely



OFQ g2 0,5hes slial g 8 Shos (S Slouogas axdllao

900 -
ceeul--- 0% L=
. P
——30% 33 /
[ yl
— % — 60% 5 &
2 £
800 - 43 .
) . T
3 ¥ 2 R ]
R - S
) £ s 2 it
4 =8 = - 9 =
5 b= - 28
> 700 - - i
N2 ~< =
1 =
s =
=
600 -
500 T T T T T 1
120 130 140 150 160 170

S e

Day after planting

9 Suis 03l oo g M8y bl ilies polie 51-F UKW
Figure 2- Effect of different rete of residue on dry matter production and accumulation of barely

Alijani et al., 2010; ) slodges lozis jrn lacale s
;| (Asadi and Hemat, 2002; Azadshahraki et al., 2010
395 Lialejl ,> (Ziyou et al., 2007) ), Kan ¢ 59b5 ;50 &b
dmlie 3 (65)9S B Cllas (9 s (132 )4 & L3 (o
3ySdos il 4 jodie Al #0900 S (b Jghie (6595 L
S sl 9 LSl bawgs 00 plosl coladns j3 ad paS
3, Slas a5 05 asuie (Malecka and Blecharczyk, 2008)
Johtie w5 & Cod w50 (g 9 JBho w50 Laulyd ) g2 4l
o g (S b 3l g 4568 03 VY Y i a
$5y9SL5 ey &S 15,8 olsie (Azadshahraki et al., 2010)
3pSdes slial o ol g aily aily 3, Shes (6l gine ]
93y Shos 1 (5l ine b Ll o po sloss (pmioran ity
Auslas Oi dl}‘?]
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Table 9- Results of analysis of variance of yield and agronomic traits of barley under different tillage and rates of plant
residue treatments (mean of squares)

(MS) ©layyo (ko
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Tablel0- Effect of tillage treatment on biological and grain yield and harvest index

Tillage (53,956 ;Lo - Selem 3 Nes 12 2,8 L Cadldy padld HI ()
Biological yield (ton.ha®) Grainyield (kg.ha™)
(Conventional Tillage) Jslie (555 8.234% 3580° 43.8°
(Reduced Tillage) (¢;,5S150S 7.470° 3234° 437
(No Tillage) (55,55 o 8.500° 3656° 43.3°
Disize SISy y2a8 (LSD 5%) 1.690 7313 3.9
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Means followed by the same letters are not significantly different at 5% probability level.
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Table 11- Effect of amount of residue treatment on biological and grain yield and harvest index

Ll o5 S39lm 3 Sdas 15 3,os Gl padls
Amount of Residue Biological yield (ton.ha®)  Grain yield (kg.ha™) HI (%)
Without Residue (09%) (o) Ll el 7.752* 3625° 47.0°
Residue Retention of 30% L, ey Yo Lads 8.389° 3450° 41.3*
Residue Retention of 60% L&, soys £+ L 8063* 3395° 425
o isine M oy a8 (LSD 5%) 0.924 466.8 6.1
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Means followed by the same letters are not significantly different at 5% probability level.
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Table 12- Interaction effect between tillage and amount of residue treatment on biological yield, grain yield and harvest index
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Tillage * Residue Biological yield (ton.ha?) Grainyield (kg.ha®) Harvest Index (%)

Wi g + Jghite (65,956 (CTRY) 8.611% 3811° 44.2%
bl 77+ i + Jgltie 55,555 (CTRy) 8.611* 3611° 41.9°
Ll 78+ Lais + Jsliie 5)5,95 (CTR3) 7.478® 3319° 4512
L g + (5559565 (RTRY) 6.767° 3168° 47.1%

L 7Y Lis + 65,556,45 (RTR2) 8.056® 3276° 41.1%
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Lla: g+ (55952 (NTRY) 7.878% 3897° 49.8°
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Jaginn BV 208 (LSD 5%) 1.602 808.5 10.56
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Means followed by the same letters are not significantly different at 5% probability level.

CTR;: Conventional Tillage + Without Residue, CTR,: Conventional Tillage + Residue Retention of 30%, CTR3: Conventional
Tillage + Residue Retention of 60%, RTR;: Reduced tillage + Without Residue, RTR,: Reduced tillage + Retention of 30%, RTR:
Reduced tillage + Retention of 60%, NTR;: No tillage + Without Residue, NTR,: No tillage + Residue Retention of 30%, NTR3: No

tillage + Residue Retention of 60%
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Table 13- Simple and interaction effect of tillage and amount of residue treatment on agronomic traits and grain yield

components
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S5 gixe B3] oy y2aS (LSD 5%) 7.2 65.8 5.9 0.318 5.6
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Means followed by the same letters are not significantly different at 5% probability level.

CTR;: Conventional Tillage + Without Residue, CTR,: Conventional Tillage + Residue Retention of 30%, CTR3: Conventional
Tillage + Residue Retention of 60%, RTR;: Reduced tillage + Without Residue, RTR,: Reduced tillage + Retention of 30%, RTR:
Reduced tillage + Retention of 60%, NTR;: No tillage + Without Residue, NTR,: No tillage + Residue Retention of 30%, NTR3: No
tillage + Residue Retention of 60%

9 —0)d oo Lo Johto (65,9515 slpjlos JiiSan )
S YY) asls)lza (jg 5 Ll do s £0 L (65955
S YEIR) ol cpyiaS g Ll o pp Yo L (5559815
(VY Jga) dal camdey Ly o) 5+ b Jgluaze (555955
oy b dasly o (Alijani et al., 2010) ) San 5 Slxls

Copds 9 853 lajlosi e 31 LS gols oMoy

Sy i 53 &b g 5 3l oo stme (5 bl glis 2L (cLlE
P aboalas 1o bl cupde g (05,0 (iiSad p Jg iy
70 o )3 adlyylim (s = 85)9 SIS 3l pen 5 ali
SHOEYIAS) alicw 5o ashy sl oy iy (A Jodn) 390 40 ize



BOF g 5,5kes gl521 53, Shos (S Sloogas sl

5 5SS lajles Sl b Gl |y gy oy 2L e
Moine cilyy pasls 5 adls «Sjlsn 0 ,Shos 5 Ll oo
5 A L (55,9515 (o losd | Sujlan 0 Sas ( yides 94
el sty S 3 2ol VEVS by (655505508 51 o (e
P35 S AYR) Sugdm 3 )Sdas oy 3> (L5 gols (e
£S5 kS OYVY) asls > Shae (i 9 Ll 727 Jlous 51 (Ja
3Shos oy A Jools Ll do)d jio )l I (LS
VY L L 78 Lo b (g5)0S B o Jlod (S 2 5l Sujglon
Shasls s Slas cpyidn ;o0 )b 5l s Jols U )3 p S5k
3Sdes L Lliy w0 Ao ghw ) S5y St sles JiiSen
iy Lasls it Bl b Lols lSa 15 p,S5lS YARY
FVAL Ll doy o gdaw )3 65)9S B0 sloss (iiSen ||
o9y re s ool bt 4 colie b plply b Jols oy
bl bi> 5 65y B0 5 659 BeS & Jolite | )y
15 g 3 )Sles g (Il p oMo S v 59y p (2LS
2ge 9 aab Rl puly 9 jdesd dex I gl ol 5l (S
2 Jollygad Glyisar aiz i 3 gl a2 1331
LisST Baiods (nl o oligS @bt & Gl ced 0j)oliS & oy o

Ll yalie 5 (4l ials g Jghie) 65,95 (slogsbs, b
dl)_>l 9 .),._glo& P (J_.\o).) Voo 9 I ‘)Abo) Lg‘d.i‘.) L_A).) u_bLf
= LyeSLe sl yhgy a8 Ly dond (pl 4 pAiS &l 5 Sles
059 5 Ao o &l olawy p alS bley g pmye o jd dliiws dlaw
Jlow jlash o, Slee pSlas il (gl xe ,3l alily Jlia
353 goudge ol 9ol LS Ll dopd Ver led b (gl ixe
Olslyd @lie  odlisal g 4230 )3 Ll (o)l po p sl
(Emam et al., 2002) ;,LSen ¢ plosl Limgin gl .l of
ohLen 5 ST, o (Asadi and Hemat, 2002) con g (s !

&S 0wl |y s e 3 (Barraco et al., 2007)

8 5 Ao
el SLs r‘,,_M,L.; OI}_,,A Oyl s ul_m @l_g
EC 5 PH ljse sloss ol 56l co 5 ol comsay ()5S
U LS 6Ll ol Gl e il S 1 SB
S ey 5 yid 5o Sialjil s SBEC ials 5 e

5 sid ()33%) i ol Bpae S S5 Bk 1l
CirgSLE lalas 1503 5 st (65,0 o Hlesd 53 (eawls
i Ll do jio U (65,055 o )l (uiSan s g 0y

Cuwl P)Y CJLQ.A.&J“"“ ) 439? O)I 199],\3' 9 .)94.3

References

1.

Abbasi, F., Asoodar, A., and Sadatfar, M. 2010. Effect stem crusher and types of tillage on soil physical
properties after harvest. Journal of Agricultural Engineering, Soil Science and Agricultural Machinery, Chamran
University Press 33 (2): 25-38. Ahvaz Iran (in Persian).

Alijani, K. H., Bahrani, M. H., and Kazemeini, A. R. 2010. Effects of tillage methods and rates of corn residues on

2.
winter wheat yield and yield components and soil organic carbon and nitrogen in relay cropping. Pp. 2. In:
Proceedings of 11" Iranian Crop Science Congress. Tehran, Iran. (in Persian).

3. All-Issa, T. A, and Samarah, N. H. 2007. The effect of tillage practices on barley production under rainfed
conditions in Jordan. American-Eurasian Journal of Agricultural and Environmental Sciences 2 (1): 75-79.

4. Asadi, A, and Hemat, A. 2002. Effect of tillage on yield management barley residue standing maize. Proceedings
of Second National Congress of Agricultural Machinery Engineering and Mechanization. Tehran, Iran. (in
Persian).

5. Azadshahraki, F., Naghavi, H., and Najafinejad, H. 2010. Effect of tillage method and wheat residual management
on some soil properties and grain corn yield in Kerman, Iran. Agroecology Journal 6 (2): 1-9.

6. Barraco, M., Diaz-Zorita, M., and Duarte, G. 2007. Corn and soybean residue covers effects on wheat productivity
under no-tillage practices. In Wheat Production in Stressed Environment. Buck, H.T., Nisi, J. E., and Salomén, N.
(ed.), Springer Publisher, Netherlands p. 209-216.

7. Bauer, A., and Black, A. L. 1981. Soil carbon, nitrogen and bulk density comparison in two crop land tillage
systems after 25 years and in virgin grassland. American Journal of Soil Science and Society 45: 1160-1170.

8. Cavalaris, C. K., and Gemtos, T. A. 2002. Evaluation of four conservation tillage methods in the sugarbeet crop.
Agricultural Engineering International: The CIGR Journal of Scientific Research and Development Manuscript,
LW 01 008, 6: 1-24.

9. Daneshvaran, Z., Esfahani, M., Payman, M., Rabiei, M., and Samiezadeh, H. 2009. Effect of seedbed preparation
methods on grain yield, yield components and some growth indices of rapeseed (Brassica napus L.) as a second
crop in paddy fields. Journal of Crop Production and Processing, Isfahan University of Technology, Iran. 12
(46):189-202. (in Persian with English abstract).

10.

Dobermann, A. 2007. Nutrient use efficiency-measurement and management. In Fertilizer Best Management



WAY 5l F oyleds 08 o oyl oely) lesirgy apis  OOY

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

Practices. Proceedings of IFA International Workshop, 7-9 March 2007. Brussels, Belgium. p. 1-28.

Emam, Y., Kherdnam, M., Bahrani, M., Asad, M., and Ghadiri, H. 2000. The Effects of residue management on
the grain yield and its components of winter wheat in continuous irrigated wheat cropping. Iranian Journal of
Agriculture Science 31 (4): 839-850. (in Persian with English abstract).

FAO. 2002. Fertilizer use by crop. 5" ed. International Fertilizer Industry Association (IFA), International
Fertilizer Development Centre (IFDC), International Potash Institute (IPI), Potash and Phosphate Institute (PPI),
Food and Agriculture Organization of the United Nations (FAQ), Rome, Italy.

Heenan, D. P., Mcghie, W. J., and Thomson, F. M. 1995. Decline in soil organic carbon and total nitrogen in
relation to tillage, stubble management and rotation. Australian Journal of Experimental Agriculture 34 (7): 877-
884.

Hejazi, A., Bahrani, M. J., and Kazemini, S. A. 2010. Yield and yield components or irrigated rapeseed- wheat
rotation as influenced by crop residues and nitrogen levels in a reduced tillage method. American-Eurasion Journal
Agriculture and Environment Soil 8 (5): 502-507.

Heydari, A., and Jafari, A. 2002. Effect of maize residue management and tillage depth on wheat yield.
Proceedings of Second National Congress of Agricultural Machinery Engineering and Mechanization. Tehran,
Iran. (in Persian).

Lopez, M. V., Arrue, J. L., Fuentes, J. A., and Moret, D. 2005. Dynamics of surface barley residues during fallow
as affected by tillage and decomposition in semiarid Aragon (NE Spain). European Journal of Agronomy 23: 26-
36.

Madejon, E., Murillo, J. M., Moreno, F., Lopez, M. V., Arrue, J. L., Alvaro-Fuentes, J., and Cantero, C. 2009.
Effect of long-term conservation tillage on soil biochemical properties in Mediterranean Spanish areas. Soil and
Tillage Research 105 (1): 55-62.

Malecka, I., and Blecharczyk, A. 2008. Effect of tillage systems: Mulches and nitrogen fertilization on spring
barely (Hordeum vulgare L.). Agronomy Research 6 (2): 517-529.

Moll, R. H., Kamprath, E. J., and Jackson, W. A. 1982. Analysis and interpretation of is factors which contribute
to efficiency of nitrogen utilization. Agronomy Journal 74: 562-564.

Montgomery, D. R. 2007. Soil erosion and agricultural sustainability. National Academy of Sciences of the USA
104: 13268-13272.

Najafinezhad, A., Javaheri, M. A., Gheibi, M., and Rostamia, M. A. 2007. Influence of tillage practices on the
grain yield of maize and some soil properties in maize-wheat cropping system of Iran. Journal of Agriculture and
Social Science 3 (3): 1813-2235.

Novoa, R., and Loomis, R. S. 1981. Nitrogen and plant production. Plant and Soil 58: 177-204.

Raun, W. R., and Johnson, G. V. 1999. Improving nitrogen use efficiency for cereal production. Agronomy
Journal 91: 357-363.

Safari, A., Asoudar, M. A., Ghasemi, M., Ghaseminejad, M., and Ebdali Mashadi, A. 2013. Effect of residue
management, different conservation tillage and seeding on soil physical properties and wheat grain yield. Journal
of Sustainable Agriculture and Production Science 23 (2): 49-59.

Simmons, B. L., and Coleman, D. C. 2008. Microbial community response to transition from conventional to
conservation tillage in cotton fields. Applied Soil Ecology 40: 518-528.

Sohrabi, S. S., Fateh, A., Aynehband, A., and Rahnama, A. 2014. Assessment of nitrogen efficiency indices and
variation in nutrients uptake of wheat influenced by crop residue management and different nitrogen fertilizer
sources. Journal of Sustainable Agriculture and Production Science 24 (3): 17-33. Tabriz, Iran. (in Persian with
English abstract).

Ulger, P., Arin, S., and Kayioglu, B. 1993. Effect of different tillage methods on sunflower and some soil
properties and energy consumption of these tillage methods. The American Marketing Association 24 (3): 59-62.
Xiang, Y., Ji-yun, J., Ping, H., and Ming-zao, L. 2008. Recent advances on the technologies to increase fertilizer
use efficiency. Agriculture Science in China 7: 469-479.

Zhao, R. F., Chen, X. P., Zhang, F. S., Zhang, H., Schroder, J., and Romheld, V. 2006. Fertilization and nitrogen
balance in a wheat-maize rotation system in North China. Agronomy Journal 98: 935-945.

Zhu, Z. L., and Wen, Q. X. 1992. Soil nitrogen in China. Jiangsu Science and Technology Press, Jiangsu. Pp. 228-
231.

Ziyou, S. U. A., Zhang, J., Wu, W., Cai, D., Jiang, G., Huan, J., Gao, J., Hartmann, R., and Gabriels, D. 2007.
Effects of conservation tillage practices on winter wheat water use efficiency and crop yield on the Loess Plateau,
China. Agricultural Water Management 87: 307-314.



o
Iranian Journal of Field Crops Research Olnl o) GRebpg iy 4 s
Vol. 16, No. 3, Fall. 2018, p. 541-556 &Q‘tﬁ,’;ﬁyf‘;; OF1-08F .o ITAY 5l ¥ oylais N5 al>

Study of Soil Characteristics, Yield and Yield Components of Barley (Hordeum
vulgare L.) under Different Tillage Methods and the Rate of Crop Residues

H. R. Komeili'- M. Ghodsi*"- P. Rezvani Moghaddam?®- M. Nassiri Mahallati®- M. R. Jalal Kamali*
Received: 24-04-2016
Accepted: 30-12-2017

Introduction

The study carried out to measure the impact of different tillage methods and the rate of crop residue on soil
characteristics, yield and yield components of barley. Excessive traditional tillage and residue removal practices
caused to soil erosion and physical, chemical and biological degradation. As a result, improved or new varieties
of crops (such as barley) as well as the use of other inputs are not able to deliver their potential contribution.
Recently, many concerned farmers have begun to adopt and adapt improved crop management practices that lead
towards the ultimate vision of sustainable farming. The term Conservation Agriculture (CA) removes the
emphasis from the tillage component and addresses an enhanced concept of the complete agricultural system; it
involves major changes in many aspects of the farm cropping operation. Normally starting CA with reduced or
zero tillage, it progresses to the retention of adequate levels of crop residue on the soil surface, then to
appropriate crop/cultivar selection and rotations.

Materials and Methods

This experiment using a split-plot design based on randomized complete block with 3 replications was
conducted at agricultural research station of Gonabad during 2012-13 growing seasons. Main factor was 3 tillage
methods (conventional tillage (CT), reduced tillage (RT) and no tillage (NT)) allocated to main plots and 3
residue management (Zero (R0), 30% (R1) and 60% (R2) of residue retention) were assigned in sub plots.

Results and Discussion

Results showed that the highest level of potassium (K) was obtained from (NT) treatment and under this
treatment the amounts of pH and EC were decreased. In addition, under residue management treatments the
amounts of EC was decreased and the amounts of phosphorus (P) and K were increased. Furthermore, the
nutrition use efficiency (NUE) of nitrogen (N), P and K, were higher in NT treatment in comparison with the
other tillage treatments. Interaction effects of NT with 0% of residue (RO) had higher level of agronomic
efficiency of nitrogen. On the other hand, different tillage methods and the rate of residue management had no
significant effects on biological yield (BY), grain yield (GY), and harvest index (HI). The highest and the lowest
level of BY were obtained from NT (8500 kg. ha™) and RT (with 7470 kg. ha™) treatments, respectively. The
highest amount of BY (8398 kg. ha™) were obtained from retention of 30% residue (R1) and the highest amount
of GY (5224 kg. ha™) from RO treatment. The highest BY (9122 kg. ha™) were obtained from NT + retention of
60% residue treatment (R2). The highest of GY (3897 kg. ha™*) and harvest index (HI) were related to NT + RO
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treatments. Finally, change in tillage method from conventional to conservation (no tillage) had no significant
effects on yield and yield components of barley. Moreover, increasing of crop residue had positive effect on
increasing amount of P and K and decreasing of soil EC.

Key words: Conservation agriculture, Efficiency, No tillage, Reduced tillage, Yield
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Table 1- Growth characteristics and harvesting time of Amaranth varieties
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Table 2- Mean squares and significant level of growth characteristics of Amaranthus varieties at different harvest time and
consecutive cutting
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ns, *, ** are no significant and significant at 5% and 1% levels respectively

Hauptli and Jain ) 595 o la)] a8lo jhd jialS 4 ocie 6|
Kharkovski w5, ;> islejl ool 1> Gg glas)) oy 5S (1985
oy i a8l y1ad 1 Sle d o olwl pod g A 023D
=) Jol e 93 pte e Vo /7 Jolse Bl j lad (o p 5 s
Jolso o] e 9 (sduaild £, cuildy Hlews 9 Kharkovski
L (S jsbas 3,5 osalin CiM 08 po3 (e )3 yia o VA
b8 bwgie bajlogd (olod )3 Ay 095 Job (1392 jobgS & dr g
e Sl )5S p9d r2 9 (2 £9y-8 Sl o > a8l
(V' Js2) 39 Sl 0 9 conails god cuils
5 gy 28y Gl oo Jol oy g iy 3 8T
555 33 o iy 3 55 iyl et il b
9 Bl Jobro dlgo (b AT o 41 P93 (2 3 sless (] Lo
bl Jlobd Lawgie S5 (ed 4l SEalS olS 4l (15 ans
35S pB)l (olos 3 pgd (2 5> sl g9 il jlas 5
i 4 lie gl 090 o 2] o 2 ) Bl b L
Slbsle ol (S Sio I (S o Bl &y Sy G 355

bowgie (NS jaloay a S ob L g gla)] Ske dulio
bwgio e Sk ;N3 68 90 5l LOUMa o3, g, £l
S S0 sanaily gopd Cully Jlogs 3 pB) (aled &g £l
o 5l Poke Jgl o EB)) lawgie 9 (25 g9y Cutlyyy slos
Or2 9 (25 Pl Cutly o nl 0 0)93 Jobo 15 390 o
P> (2 9 (B 9y Culldyy o 355 0)93 Jsbo 1 5 Jol
4SSl 4 dagi b oS w3905 GBI J e b (0 Jga2) o9
@D hls 2l oo 48 slex (6 g paw SIS 09,526
k) 9 (ol bbb 1 (g aels o5 CO;p G pas (YL
Iy o b 325585 53 oo bl 15 (sl Yl il 035
b g Wl (2l 9, ) ax olS Wy 1)) (al 8l 5 sk )0
Stallknecht and Schulz-Schaeffer, ) 5,l> aslsl Jol5" 248
(1993

Pyl a8 yae 10 &S Cunl 03y s onds ploul iladss gl
eyl g yhad o Yoase g cutS W51y Jkai 5l b baylps cov
agr gLyl Ghalidl Yoame 5 3)5 3929 ke (Stusen bl 455



OFY  ladgle wo szl vl dm o ySlos duwlio

Jol o Bl a0 S bwgie Ginlojl ol o sl 15k ol
NS )3 5 V15 Jolae pgd > 0 g8 (sylel oM 1 ¥/Y oles

Blw jhad g gl 2 )13 p0m )3 Sl loj p3 P, ilie 15T (S Ao -V Jgoa
Table 3- Means comparison of interaction between varieties and harvest time on plant height and stem diameter
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Treatments Stem height (cm) Stem diameter (cm)
Jsl o e dS g9, dyg) o8, 142.8° 18.4 d°
Loura, flowering initiation, cutl .
= . . C €
P9 r2 @S £98 dyg o) 135.0 14.0
Loura, flowering initiation, cut2
sl o <25 oLk g ) 179.9° 188"
Loura, end of flowering, cutl
P35 02 NS bl gl o5, 1430° 11.0°
Loura, end of flowering, cut2 !
e . . c .
Jol 2 (PS5 £95 om0 137.0 133
Cim, flowering initiation, cutl
= " d f
Cim, flowering initiation, cut2
sl o 235 (bl om0 1733° 206°
Cim, end of flowering, cutl
P95 Oy «BS LL qomms o3, 155.8 ° 9.8¢
Cim, end of flowering, cut2
& . . R d bed
Jol o omMS 905 ¢ ShuwgS )5 o5, 117.0 17.5
Kharkovski, flowering initiation, cutl
= . . - d ef
£9d Cp (P £gyd o ShwoS )15 18, 113.8 13.3
Kharkovski, flowering initiation, cut2
Jol oy (@I (bL law o SiusS 5 13, 176.8° 23.8°
Kharkovski, end of flowering, cut2
118.8° 16.3 %

P32 O oS L o SiasS o5
Kharkovski, end of flowering, cut2
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Means, in each Colum, followed by at least one letter in common are not significantly different at the 5% probability level
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Table 4- Means comparison of interaction effects between cut and harvest time on tiller per plant

)M

Treatments

gy 4D Aoy dlaxs
Tiller per plant

25 Eayd e Jol o
flowering initiation, cutl
2 E5yd pgd
flowering initiation, cut2
w25 bl Jsl o2
end of flowering, cutl
@ b g
end of flowering, cut2

4.43°
3.39°

3.75°

357°P

85 I ime MBI D aws y3 (g)lal a5 5l bl o S yrie By S JBlas glyls 45 gy el
Means, in each Colum, followed by at least one letter in common are not significantly different at the 5% probability level
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Table 5- Mean squares and significant level of fresh and dry yield of Amaranthus varieties at different harvest time and
consecutive cutting

O gt 29l &3l 4y 03U ddgle 3, Slos S adgle 3,Shos
S.0.Vv d.f Fresh yield Dry yield
S'sb 3 39.36 3.44
Block
5y 2 214.78™ 4.42%
Varieties (V)
el ol 1 22.66™ 035"
Harvest time (H.t.)
cublyy oyloj 45 08, 2 1543 "™ 0.05™
(VxH.t.)
s 15 294.77 "™ 0.62
Error
o 1 27985.02% 591.58"
Cut (C)
o 2 ed) 2 191.41° 1.90™
(VxC)
O 3 by ple 1 256.78™ 5.17°
(H.t.x C)
O ey olej ) 8, 2 48.48 ™ 0.53™
(VxH.t. xC)
Las 18 49541 1.16
Error
C.V.
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ns, *, ** are no significant and significant at 5% and 1% levels respectively
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Table 6- Mean squares and significant level of total fresh and dry yield of Amaranthus varieties at different harvest time
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Error
C.V.

o gine AW 3529 pae 5 /N 0 aaw )3 b iz BWB] 3459l s NS g sk
ns, *, ** are no significant and significant at 5% and 1% levels respectively
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Table 7- Comparison of total fresh and dry yield of Amaranthus varieties
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Table 8- Correlation between stem height and diameter, leaf to stem ratio and tiller per plant
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Introduction

Amaranthus L. is one of the oldest food crops in the new world. Earlier studies have predicted that the
grain Amaranthus L. was domesticated in America. This crop has about 60 species of annual flowering plants
distributed throughout the world’s temperate and tropical regions. Three species of Amaranth (Amaranthus
hypochondriacus L., A. cruentus L. and A. caudatus L.) were domesticated in the new world, but spread to the
old world where they became important crop plants. These crops have potential for higher nutritional value,
better adaptability to various ecological zones, and better resistance to biotic and abiotic stresses than most other
staple crops. Amaranthus is one of the native plants of Africa that in addition to the relative tolerance to drought,
have high forage production potential.

Materials and Methods

The experiment was conducted at the Karaj research station belongs to Seed and Plant Improvement
Research Institute of Iran during the spring of 2016. This research located at 320 34' N, 280 32' S, the soil type
was sandy loam. The experimental design was a randomized complete block with four blocks in split plots
factorial method. Treatments included as three varieties of Amaranth consists of Loura, Cim and Kharkovski and
two harvest times which were initiation and the end of flowering. All amaranth varieties belonging to species A.
Hypochondriacs L., Plots consisted of six rows with 6-meter length, between and within row spacing were 0.6
and 0.1 meter, respectively. Soil was prepared in early bloom and seeds planted on the firmed bed at 1-2 cm
depth in mid-May. Fertilization, Irrigation, weed and insect control were followed like the other leafy forage
crop. Ten randomly selected plants were collected at the harvesting time to measure growth parameters
consisting, plant stems, height and diameter, leaf to stem rate and tiller per plants. Two middle rows were used
for the yield determinations. Dry weights were recorded after drying the fresh forage at 650C in the oven for
48h. Analysis of variance for all traits was done by the MSTAT-C software and for mean comparison used
Duncan’s multiple range tests.

Results and Discussion

Analysis of variance for all traits was done by the MSTAT-C software and for means comparison used
Duncan’s multiple range tests. The results showed significant difference in cultivars fresh and dry forage yield
but there was not any difference between harvest time and interaction effects. The means comparison showed
that the Loura white 161.0 cm had the maximum stem length, Cim and Kharkovski whit 155.0 and 146.9 cm
ranked in next categories. The maximum stem diameter equal 20.6 mm belongs to Kharkovski cultivar in class
one and two-other cultivars stem diameter were 16.9 and 16.8 mm and placed in class b.

Conclusions

The results showed that the Loura amaranth variety was superior to the other two varieties. This variety had
150 cm stem height, 14.5 mm stem diameter, 1.4% leaf to stem ratio, 4.72 tillers per plant and it can produce
90.30, 13.05 tons per hectare fresh, dry forage yield tow cuts, and 111 days growth duration. The ccomparison of
different harvesting times showed that harvesting at flowering initiation was better than the end of flowering.

1- Associate Professor, Seed and Plant Improvement Institute, Agricultural Research, Education and Extension
Organization (AREEO), Karaj, Iran

2- Assistant Professor, Animal Science Research Institute of Iran, Research, Education and Extension Organization
(AREEO), Karaj, Iran

3- Assistant Professor, Animal Science Research Institute of Iran, Research, Education and Extension Organization
(AREEO), Karaj, Iran

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



DPY  sladgle wo m gl o8y dm o ySlos duwlio

Comparing the amount of forage produced, showed that cutting at flowering initiation was better than cutting
after the end of flowering. The growth duration of harvest at flowering initiation was 23 days less than harvest
after the end of flowering. In terms of management and of having many opportunities to prepare the ground for
the next crop, this issue is of tremendous importance.

Keywords: Cultivars comparison, Forage yield, New crops
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Figure 2- Effect of zinc element application in different stress conditions on gibberellic acid, Abscisic acid and indole acetic
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Figure 4- Effect of zinc element application in different
stress conditions on the amount of zinc
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Figure 6- Effect of zinc element application in different
stress conditions on the amount of protein
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Figure 5- Effect of zinc element application in different
stress conditions on Chlorophyll index
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Table 3- Compare means of dry matter, yield, amount of phytic acid and proline under the influence of zinc element
treatment and drought stress
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Stress Drought Treatment Dry matter Phytic Acid Proline
Control 3220fg 19.3b 53.67efg
Nano zinc oxide0.5 3567def 17.13fg 55.53de
Irrigation at 50% crop capacity ~ Nano zinc oxidel 3614de 16.69 61.97a
Zinc oxide 0.5 3620de 17.4efg 52.9fgh
Zinc oxide 1 3437efg 17.13fg 54.23def
Control 3151g 18.13cde 54.3def
Nano zinc oxide0.5 3631de 18.43bcd 55.87cde
Irrigation at 75% crop capacity ~ Nano zinc oxidel 3932d 17.63def 58.17bc
Zinc oxide 0.5 3579def 19.1b 56.3cd
Zinc oxide 1 3430efg 18.73bc 58.9b
Control 4910c 19.3b 49.2ij
Nano zinc oxide0.5 5429ab 20.77a 48.73j
Irrigation at 90% crop capacity ~ Nano zinc oxidel 5548a 18.7bc 52.37fgh
Zinc oxide 0.5 5126bc 17.17fg 50.8hij
Zinc oxide 1 5046¢ 20.77a 51.6ghi
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Introduction Drought stress and Zn deficiency are important factors affecting the quantity and quality of
wheat. Zn deficiency reduces photosynthesis and disorders protein synthesis that the consequence of such
process is the gathering of amino acids and amides, and disordering of carbohydrates metabolism. Besides, in
such a condition, the length of plants and the size of leaves reduce due to changes in Auxin metabolism,
especially Indole Acetic Acid (IAA). Drought stress reduces leaf size, cell division, plant growth, amount of
photosynthesis, protein synthesis and chlorophyll content. Balance of plant hormones is affected by both of these
factors. Among the compounds with zinc element, Zinc oxide is known from the US Food and Drug
Administration as one of the safest and most integral components of Zinc. Nanoparticles have attracted much
attention for their distinct characteristics that are unavailable in conventional macroscopic materials. Obviously,
increasing of zinc availability and reducing of drought effects can play an effective role in improving the present
situation.

Materials and Methods The present study was carried out using split plot experiment based on a
randomized complete block design with three replications. Two factors of drought stress (irrigation at 90% of
field capacity as non-stress condition, irrigation in 75% of field capacity as medium stress and irrigation in 50%
of field capacity as severe stress) and application of zinc element (without treatment, spraying of 5 and 10 ppm
of Nano Zinc Oxide and Zinc Oxide) were examined as factors of this study. In this study, parameters of Indole
acetic acid, Abscisic acid, Gibberellic acid, Tryptophan, Amount of Zinc, Chlorophyll index, Protein, Total dry
matter, Phytic acid, Proline, and Yield were measured.

Results and Discussion Results of variance analysis of field data revealed that zinc element application in
stress conditions could improve a number of parameters of this study. The interactions between drought and zinc
on indole acetic acid, abscisic acid, gibberellin, zinc element values, chlorophyll index, protein, phytic acid at
one percent probability level and total dry matter content at five percent probability level were significant.
Application of nano-zinc oxide in 75% and 50% of field capacity, as well as non-application of Zinc in these
conditions caused optimal changes in plant hormones, chlorophyll, protein, economic performance and proline.
Application of zinc oxide increased 13.4 and 17.43 percent in the amount of indole acetic acid and gibberellin,
while the use of zinc oxide reduced the acidity of 51.9 percent of abscisic acid under 90% field capacity. Zn
content increased in seed from 1.13 to 1.83 mg kg and reduction of phytic acid from 19.2 to 16.6 percent under
severe drought stress. Application of 10 ppm nano-zinc oxide showed a decrease in the negative effects of
drought stress and improved quality of wheat.

Conclusions As a general conclusion, it can be acknowledged that drought stress with effect on plant
hormones, decreased the growth of shoot which causes reduced plant dry matter and plant yields. The use of zinc
could increase the proline production and prevented chlorophyll degradation that causes reduced the effects of
water stress and improved plant growth conditions. As a final result, these changes in Zinc application conditions
could improve dry matter yield and economic yield.

Keywords: Auxin, Cytokinin, Phytic Acid, Tryptophan, Yield
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Table 1- Weather conditions of the study area during maize growth seasons

Ale Oyl dx > o

Jue obe Average monthly temperature (°C) > ‘”.‘3‘}"“
Year Month (Min) Jilis  (max.) 4Stas  (average) bawgia Evaporation (mm)
May — Cuigu)l 9.2 27.2 18.4 194.1
June Ryes 13.0 33.0 24.2 283.4
July I 17.6 38.9 29.2 328.4
2014 ay
Aug. Ssye 17.8 39.3 29.3 352.6
Sep.  yexed 13.8 30.3 21.7 250.5
Oct. R 10.3 26.9 18.6 146.9
May — Cuigus)l 9.0 284 19.3 275.4
June b3 14.1 36.9 26.0 359.2
July I 19.3 38.6 29.8 388.1
2015 a¥
Aug. o5 ye 19.6 39.9 30.6 396.6
Sep. e 15.9 346 258 294.5
Oct. A 11.0 29.2 20.1 199.2
Reference: www.fieldclimate.com
SK bows 9 (S50 SS9 - oo
Table 2- Physical and chemical properties of the soil
L S T
Cola . ve
J VR N T R R R GO ST ol e
S i s
S
Y Depth _ EC CEC oc _Total Available Avalla}ble
ear (cm) Soil texture pH (ds.m?) (meq1 (%) nitrogen  phosphorus  potassium
100g™) (%) (ppm) (ppm)
0-30 Clay ) 7.37 0.60 27.00 1.48 0.15 5.2 340
2014 v
30-60 Clay ) 7.40 - - 1.12 0.11 - -
0-30 Clay ) 7.69 0.55 27.00 1.00 0.10 5.1 350
2015  ay
30-60 Clay ) 7.60 - - 0.90 0.09 - -

Y Jgas) ais dwle 0y Sy (glil ay 09l 365 jlado ¢y5g 5
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3 o pym S 5 (48 o 2y (S5) Syt i el 3 o
st e 6l St i e ] 36 33 258 il
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Olie Il (8L8 Cuiige — paiy ddlee pd SleMbl ol 3,5 5)ls
20l glizisl b g 220)5 dpslone &iljgy Jamiliy (5,85 5 s
oisla S dilato gl o by cilisen slye 13 )3 LalS oy
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Josi (gly odds a8 S Lo )y olaw 4y ang5 L .(and Gheibi, 2000
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Table 3- Seasonal irrigation water volume and urea amount for each irrigation and nitrogen levels.

&S)lel Zobaw
Irrigation levels

S0 5
Description

S0 Ol ggoone
Total water distributed (mm)

2014  YYAY 2015 YY4g

|60%

IBO%

I 100%

I 120%

u’" )L.: Aoy £ u,m\.:

supplying 60% of total water requirement
&l Ao A el

supplying 80% of total water requirement
il oy Ve el

supplying 100% of total water requirement
il ey WWe el

supplying 120% of total water requirement

670.54 602.84
810.72 737.12
950.90 894.60
1091.08 1033.52

OF9r goka
Nitrogen levels

Description

Sras oyl 355 i
Urea fertilizer amount (kg ha™)

2014 yray 2015 yray

i 3 Joyd ¥e yels

N.2go . ] . 140 160
supplying 40% of total nitrogen requirement

Nioss ol Ben Vel 245 280
supplying 70% of total nitrogen requirement

N100% . Giss b 2o \ Fol . 350 400
supplying 100% of total nitrogen requirement

N1409% O39S 20,3 W+ el 490 560

supplying 140% of total nitrogen requirement
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Figure 1- Mean comparison of irrigation levels for relative water content in 2014 (uppercase letters) and 2015 (lowercase
letters). In per column, vertical bars represent the standard error.
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Table 4- Annual analysis of variance for measured traits (mean squares)
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Leaf temperature
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conductance
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2014 2014
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and ™ significant at 5% and 1% levels and non-significant, respectively.

ok

Sy )9, Culsa

292 o ne Sy (sljg) colia Sl 93 2 50 (o)l il
S )l olaw plos 53 (S145595 Culin pgd Jlo 53 (¥ Joi2)
sl Jlo pseles a5 T s s ¢ 39 a8 Jgf o
Fbar 9 S oSl ady 0)93 Jobo )3 I )l > 4y s
w‘.)_b ‘)_1@5 uT d)_.\m L) ‘JL.«.: 93 B yd g wﬁ])ﬁ LEAJ)'B)
FoIN o ay) 39 Yo sime (2l S oyd Ve g WWe el eyl
S b g Mo (15 Lol (45 50 @y yte 2 Jso ko OVIY
9 YYD o yan) Wad glasjey colis )b dxe (ol 4 e
Voo e L epgd Jlw 5 (4l ) opeyite 2 Jgo e VE/O
(48 > @este 2 Jgoiden YFIA) laijo) cobia (o o 2oy
VEIV) (=l 5l o )3 VYo ool Lol 51 j2e8 (65 ime ygbods
L lasje) calia (e cn oS 092 (458 3 @ya o 2 Joo e
VA e ia) ped S ) oS bas 55 g Mo i Jles!
S (Y J5s) ad e (4 50 mpeyie p Jsoidee VOIA
54 ol ) agb e g8 439, bablone sla sl 5l &S A 30
bl i 39 o it Lo ol (ol 4 g cola Jske
2 9 IS gS dijey Ailad g ol oS gy 4ijgy Ladlre (sl Jolu
ol Sl T 39008 4 STy 13 09Me 4y 395 po At oy
ajgy badlowe sla Jolw 4 g 4Bl zeos (hdgje slaJohw 5
25290 Gg lbgeay H 50 B L sl Syl ) o0
Wi g Ladlomo (sl ok I maliy (12 Z95 S Crge slis
San 5 135 (ANmadi et al., 2008) 35 o 4559, i
IS b babaly 3 1) aolie s o (Souza et al., 2013)
H2)S IS ) Slaie, calia
S sbea

)bl 75U o (glogine oo 4 Jlo g3 2 > Sy (slod
P> Jlo > S slod )lul golaw plos 3 (¥ Jouo) €85 1,8
Calin Jd> 4 5y Al (1 JS8) 591 il Jgl Sl & Cos
4o oo Jol Jlw d i pgd Jluw 13 oS yieS (514559,
o oS s Gialisl b Jlo 93 ja 0 s Sy les il
a9 e Jol Sl 3l pgd Jlw o wsllae (gl 4
Ve ool 4y Carnd dopd £ g Ae Voo ool Ll )3 a8 66k
VIAE g VIV < IVA e s ol Jlo 1> Sy slod o 5L do s
NIEF Span ped Jlaw jd ydlas oyl dgr YL OIS il as o
(¥ JS5) dol cowday 3,5 il as > F/0R 4 Y/55



OAL L lails @3 Sy S 3elg b s SS9 5 STy axlllao

801 02014 1303

02015 1394

Stomatal conductance (mmol.m 2.5 1)

70 o

60 o
50 -
40' C

Wlasgy ol

30 -
20 -
10 -

C

{—‘

160%

180%

1100% 1120%

Ogw 2 )3 (Sag5 Bgyn) WAL o (S50 B9 pa) VFAY sl j3 S (laiy, Calad o 1> (5Ll Zobaw (6Nl dmnnlio -T JSG
ol 3 )libiw] glas suiad yWis 53508 (sWbalno
Figure 2- Mean comparison of irrigation levels for stomatal conductance in 2014 (uppercase letters) and 2015 (lowercase
letters). In per column, vertical bars represent the standard error.
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Figure 3- Mean comparison of irrigation levels for leaf temperature in 2014 (uppercase letters) and 2015 (lowercase letters).
In per column, vertical bars represent the standard error.
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Figure 4- Mean comparison of irrigation levels (A) and nitrogen levels (B) for maximum photochemical efficiency of PSII in
2015. In per column, vertical bars represent the standard error.
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Introduction

Changes in water and nitrogen amounts cause different physiological reactions in plants. These changes are
created for respond to stress in order to reduce or eliminate the stress effects. Improper management of water and
nitrogen are main growth limiting factors of maize. The proper reaction of maize to nitrogen which leads to
higher yield, is reason of excessive amounts use of nitrogen fertilizers. Nitrogen losses are the results of high
nitrogen usage. The new irrigation methods, such as deficit irrigation, play important roles in preventing
leaching and nutrients maintenance in root zone. Under water deficit conditions, nutrients absorption decreases,
therefore fertilizer recommendation should be done according to existing water conditions. The study of
physiological reactions of maize to different amounts of water and nitrogen helps to estimate accurately the crop
need for water and nitrogen. Therefore, this research was conducted to evaluate the role of different amount of
water and nitrogen in causing physiological changes in maize leaves.

Materials and Methods

This experiment was done at Razi University, Kermanshah, Iran, during 2014 and 2015. The experiment was
conducted as split plot with three replications. Main-plot was four irrigation levels included supplying 60, 80,
100 and 120% water requirement (lgoo, lsom%, l100% and lisge, respectively), and sub-plot included four nitrogen
levels 40, 70, 100 and 140% (N4ge, N70s%, N1gos and Niaoee, respectively) recommended amount based on the soil
test. To calculate water requirement, Penman-Monteith-FAO equation was used. For each treatment the amount
of water was measured. Partitioning of nitrogen at times the two-leaf stage, the six-leaf stage and before tassel
emergence was equal. Leaf physiologic traits included relative water content, stomatal conductance, temperature,
photochemical efficiency of PSII, SPAD, photosynthesis rate, transpiration rate and photosynthetic water use
efficiency measured. Statistical analysis and mean comparisons were performed using SAS software and LSD
method.

Results and Discussion

Air temperature during the crop growth in 2014 was less than 2015. Therefore relative water content (82.5
and 70.4% in 2014 and 2015, respectively) and stomatal conductance (47 and 23 mmol.m2.s™) in 2015 were less
than 2014, but leaf temperature was higher (38.6 and 43.1 °C). In 2014, PSII activity was not affected by
irrigation treatment, but negative effect of deficit irrigation on PSII activity was observed in 2015. In 2014, there
was no significant difference between stomatal conductance in Iy and Iy, (60.8 and 57.3 mmol.m2.s?,
respectively), but mild and severe deficit irrigation caused to significant reductions in stomatal conductance
(43.5 and 26.5 mmol.m2s™, respectively). In 2015, Stomatal conductance in i Was significantly less than
from 500 The lowest stomatal conductivity was recorded with mild and severe deficit irrigation in 2015 (14.9
and 15.8 mmol.mzs* respectively). In 2014, leaf temperature in gy, lgow and lge, (0.78, 1.70, and 1.84°C
respectively) was higher than I, and these values were obtained 2.66, 3.66 and 4.60°C in 2015 respectively. In
|120%1 Iloo%, Igo% and IGO%! COZ stabilization rate was 29, 261, 17.7 and 14.9 umol.m"z.s"l, respectively. Nitrogen
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consumption up to crop requirement had a positive effect on photosynthesis rate. The photosynthesis rate in
N 140%, N10os, N7oss and Nage, Was 25.5, 23, 20.6, and 18.6 pmol CO, m2.s™ respectively. Mild and severe deficit
irrigation reduced transpiration rate. However, in Iy, using 70% nitrogen demand, transpiration rate was
significantly higher than other nitrogen levels. By reducing water amount and less nitrogen consumption,
photosynthetic water use efficiency was decreased. Nitrogen deficiency in 1509, and lyoq9, reduced photosynthetic
water use efficiency. In gy, photosynthetic water use efficiency reaction to different nitrogen levels was varied.
In g, effect of different nitrogen levels was not significant.

Conclusions

Leaf area, relative water content, stomatal conductance, photosynthesis and transpiration rate were reduced
with increasing water deficit. Increasing nitrogen up to the crop requirement led to increased leaf area and
photosynthesis rate. Under adequate water condition, nitrogen consumption up to recommended amount led to
increased photosynthesis rate, decreased transpiration rate and finally improved photosynthetic water use
efficiency. Hiwever under deficit irrigation, there were no significant differences in traits among nitrogen levels.
In the first year, the highest and lowest grain yield (980 and 294 g.m™) belonged to0 11205N140% and lsoN700
treatments, respectively. In the second year, the highest and lowest grain yield (903 and 277 g.m™) was observed
iN 112006N1000 @nd lgesNagos treatments, respectively.

Keywords: Photosynthesis, Stomatal conductance, Transpiration, Water deficit
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Table 1- Selected soil properties of the experimental field prior at the beginning of the study (before beginning of the 2015
growing season)

Total N Available K Available P SBocdl S omss SB STy EC CEC
(%0) (ppm) (ppm) Soil Textur  OC (%) pH (dsm?)  mol (p*) kg
0.13 220 8.2 Clay Loan 0.72 7.46 0.41 14

ST oS 10C (S gLl oylas Syl culan (EC ¢ 3gslS Jols e yls :CEC
CEC: Cation Exchangeable Capacity, Ec.: Electrical Conductivity of soil saturation extract, OC: Organic Carbon
iy Juad Job p3 Gialojl Joe (silp 9 Of Sluogad —F Joua
Table 2- Weather patterns during the growing season
Ay il AV (p)9,9 AV g, RARRIRPES Ay Lo Ay slye AV 590y
Mar. 2014 Apr. 2014 May 2014 Jun. 2014 Jul. 2014 Aug. 2014 Sep. 2014
S sl 45 6.1 37 7.4 117 112 6.9

Min. Temp. (°C)

e led 19.7 25.3 304 36.9 38.8 39.1 34.6

Max. Temp. (°C)

$.35,b
S urik 46.3 139 273 0.4 0.3 0.2 0

Total rainfall (mm)

(WWAV=AYAY) ol oolislgn olojlo
Iran Meteorological Organization (2013-2014)
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Table 3- Analysis of variance for the effect of tillage and cover crop on soil properties

Mean of squares I EVRURENL W
il 4 ; . .
Ol gl af oS g el O39S
Source of variations Organic carbon  Phosphorus  Potassium  Nitrogen
ok 2 352" 8.40 356.22  0.0042”
Block
“5{'”“% 2 18.82" 55.407  23409.05™ 0.1335"
Tillage
ey, ol 1 8.41™ 156.05™ 74755  0.0117"
Cover crop
sy, ol 2 1,68 006™  137.72"  0.0007"
Tillage x Cover crop
las
10 0.22 0.39 76.50 0.0001
Error
e - 5.80 3.00 175 0.62
CV (%)

Ao N pdaw (3 Iy gxe yls e i NS
(ns: non significant, ** significant at P <0.01)
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Table 4- Mean comparisons for the effect of different tillage systems and cover crops on soil organic carbon, soil nitrogen and
anthodium diameter and number of grain per anthodium of sunflower
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Till d Organic carbon Nitrogen Anthodium diameter ~ Grain number anthodium
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Minimum tillage without cover crop 7 1.56 15 602
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Conventional tillage without cover 4.6° 1.35" 12¢ 420f
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5.9° 1.42° 18° 831°

Conventional tillage with cover crop
(CTxUC)
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Means within a column followed by the same letter are not significantly different according to LSD test (p<0.05).
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Table 5- Analysis of variance for the effect of tillage and cover crop on sunflower agronomic properties

Olagyo (uiilo
Mean of squares
o yd KIS 3, Slos 3,Sos
R oNPH PRGN ‘;y’w ’ ~|M Gib 2 o 3lass Gib S i s
Source of é f i ‘”_ > ® ° Number of grain per Anthodium v a ] “’9"_”’
variations : Unfilled Grain anthodoium diameter Grain Biological
grain weight yield yield

)',’“ . 2 57" 02" 0.1" 24.9™ 1241 1284.7™

Replication
SipsSk o o o o o o
’ 2 137.6 3.3 32.2 36.6 20031 184089.05
Tillage
s oS 1 29.4" 09" 765" 386.6™ 31250™ 46309.4™

Cover crop
olSx (55955

by 2 56" 0.007™ 05~ 6.9” 1809 " 3038.4"™

Tillage x Cover
crop
s
10 15 0.02 0.7 0.7 821.1 1549.2
Error
(123) Sl s - 57 2.1 6.2 41 14.4 43

(%) CV

Sy ) Jlois! o 40 Iy gixe - b gine £ NS
ns: not significant, **: significant at 1% probability level

&b, los ,gb“uod 19 ,5UET S5 590 5,Shos g aild 3,5os (ild wao (39 S (Sor S panilly (S yhnd (paSilo dun o 1 Joua
(YA=digod 3luxs) wiwigy oLS 9 (55595 B Ao

Table 6- Mean test on soil phosphorus, soil potassium, sunflower unfilled grain, weight of 100 grains, grain yield and
biological yield in effect of tillage systems and cover crop (n=18)

grwe] o &l S duoyd &I so (39 Al a,Slos  Sujglom 3 Nlas
Phosphorus Potassium  Unfilled grain  100-Grain weight  Grain yield Biological yield
(mgkgh)  (mg.kg™?) (%) (©) (g.m-?) (g.m?)
S
Tillage
SipSB Ge
No-Tillage 20.16" 5317 10.5° 8.0 192.0° 986.8"
(NT)
Sl (55,55
Minimum ti||age 24.00° 539° 8.0° 10.0° 259.3% 1043.3°
(MT)
Py $hsS
Conventional ti||age 18.00°¢ 427b 17.8% 7.3° 144.3° 715.6°
(%2D)
u.m.wy ol&
Cover crop
slbgy olS L
With cover crop 23.6% 506° 10.0b 7.8° 240.2° 966.0%
(Uc
sibyy ol g
No cover crop 17.7b 4—90b 13.6% 6.3b 156.8b 864.5b
(NC)

B85 oy gy Jlein] a3 (gl5 gime B3I LSD (gl bl adlllas )90 o o 5l 0 ke g o (s &S ey Sike
Means within a column followed by the same letter are not significantly different according to LSD test (p<0.05).
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Introduction

Suitable tillage methods and planting cover crops are such factors in sustainable agricultural systems, which
play an important role in the sustainability of agricultural production systems. The benefits cover crop can be
referred improvement of soil fertility, chemical properties of soil, increasing of soil organic matter and
biodiversity and finally increasing of crop yields.

Materials and Methods

This study was conducted at Agricultural Research Station of Bu-Ali Sina University in Dastjerd village near
the city of Hamadan located in the west of Iran during 2015 growing season. A factorial layout based on a
randomized complete block design with three levels of tillage practices (no-tillage (NT), minimum tillage (MT)
and conventional tillage (CT)) and two levels of cover crops (with (UC) and without (NC) canola as a cover
crop) was conducted. Treatments were replicated in three times. After harvesting main crop (sunflower), selected
soil quality indicators including organic carbon, total nitrogen, available phosphorus and available potassium
were measured. In addition, yield components of sunflower including percentage of unfilled grain, grain weight,
number of grain per anthodium, anthodium diameter, grain and biological yields were measured at the end of the
season. The data were analyzed by SAS software. Means were compared using Duncan's Multiple Range test at
P<0.05.

Results and Discussion

The results indicated that organic carbon and macronutrients (NPK) of soil were the highest in MT x UC
treatment. After the minimum tillage treatment, the highest amounts of soil quality indicators were measured in
the treatment of non-tillage treatment and presence of cover crop. MTxUC treatment with 1.04% organic carbon
was significantly higher than other treatments and the lowest organic carbon (0.56%) was measured in
conventional tillage treatment without using cover crop. The highest amount of macro-nutrients (nitrogen
(0.16%), phosphorus (24 mg kg™) and potassium 430 (mg kg™) were revealed at the MT x UC treatment. In
comparison with the conventional tillage, the minimum tillage treatment increased sunflower grain weight by
about 18%. NC treatment reduced sunflower grain weight by 19% compared to UC treatment (using cover crop).
The maximum anthodium diameter (27 cm) was achieved at MTxUC treatment, while this treatment resulted in
an increase of 55.5% in anthodium diameter compared to CTxNC treatment. The number of grain per anthodium
was not significantly different between the two treatments of MTxUC and NTxUC. Minimum tillage compared
to conventional tillage significantly increased sunflower grain yield. Sunflower grain yield was decreased b}/
53% in non-using cover crop treatment compared to UC treatment (using cover crop). The highest (1043.3 g m™)
and the lowest (715.6 g m™) biological yield of sunflower were obtained in minimum tillage and conventional
tillage treatments, respectively. Between cover crop treatments, sunflower biological yield in NC treatment was
10.5% lower than UC treatment. Minimum tillage with the conservation of residue helps to protect the soil
surface and increases soil quality. Therefore, conservation tillage is one of the new methods for optimum soil use
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as the most important supply of food sources and can play an important role in increasing farm productivity.

Conclusions

In summary, the results suggested that the highest and the lowest sunflower yields were belonged to MTxUC
and CTxNC treatments, respectively. In justifying these results, it can be said that planting cover crops,
especially when combined with conservation tillage systems, improves soil organic matter and soil nutrient
elements and increases sunflower yield.

Keywords: Conservation tillage, Crop yield, Macro nutrients, Residue management, Soil organic matter
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Table 3- Analysis of variance (mean of squares) of yield components and yield of cotton (2014-2015)
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Error s 44 91.734 5.546 0.212 409769.545
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ns
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Table 7-The effect of rows spacing on vegetative traits, yield and yield components of cotton cultivars (2015)
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20 x Varamin 91.4 2.0 18.1 0.6 18.0 18.6 6.1 9369.0
40 x Varamin 103.3 2.1 20.3 0.7 18.6 19.3 6.4 6299.0
60 x Varamin 99.9 1.9 16.5 7.1 19.2 26.3 6.3 4429.7
20 x Khordad 102.6 2.8 18.1 15 17.4 18.9 5.4 8717.3
40 x Khordad 101.0 3.1 15.9 2.5 18.0 20.5 5.4 5939.0
60 x Khordad 102.7 3.2 18.9 3.8 19.9 23.7 5.4 5585.0
20 x Kashmar 115.7 15 19.2 0.4 17.4 18.0 5.2 8640.0
40 x Kashmar 1225 15 23.1 0.3 17.6 17.9 51 5483.0
60 x Kashmar 1145 2.2 22.2 0.6 18.3 18.9 5.6 4769.3
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60 x Khorshid 89.5 0.3 13.6 1.7 17.9 19.5 5.0 4027.0
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Table 8-Mean comparison of vegetative traits, yield and yield components in cotton cultivars and planting rows spacing
(2014-2015)

Treatment jlog Sy g D1y 098 °"‘ff 239 L9 03 28lee
Plant height (cm) No boll.plant Boll weight (g) (kg.ha™)

Varamin =yl yg 85.8 18.6 5.7 6021.1
Khordad sl ,5 92.2 17.9 5.4 6049.9
Kashmar o518 107.5 16.9 5.4 6086.4
Khorshid 3,35 ,¢> 89.7 16.4 55 5420.3
LSD (505 6.4 1.6 0.4 430.0

20 94.0 16.9 55 847.1

40 96.6 16.5 55 5193.5

60 90.7 19.0 55 4082.7

LSD (505 6.7 1.4 0.3 3724

20 x Varamin 88.9 18.7 5.6 8984.0
40 x Varamin 86.8 16.1 5.8 5280.1
60 x Varamin 81.8 21.0 5.8 3799.2
20 x Khordad 88.0 17.1 55 7612.3
40 x Khordad 96.7 174 5.3 5738.4
60 x Khordad 91.8 19.2 5.6 4789.9
20 x Kashmar 107.8 14.7 5.5 8321.5
40 x Kashmar 109.8 174 5.3 5468.2
60 x Kashmar 104.8 18.6 53 4469.6
20 x Khorshid 914 17.3 5.6 8710.8
40 x Khorshid 93.2 14.9 5.8 4287.2
60 x Khorshid 84.4 17.1 51 3263.1
LSD (505 11.1 2.7 0.5 744.8
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Introduction

Plant density is one of methods for increasing yield in ground unit. Recently cotton cropping in high density
under ultra narrow row (UNR) were extended in cotton producer countries. Increasing plant density by planting
in narrow row increases seed cotton yield. Cotton cropping in narrow row or UNR (row space is 20 to 30 cm)
reduces evaporation at between two rows, therefore, it reduces water consumption and weed growth and also
increases radiation use efficiency. In these systems (UNR), zero type cultivars are more effective and their
efficiency is higher than common cultivars, due to lower growth of monopodia and sympodia branches.
Therefore, survey of growth reaction, yield and morphologic variations of these cultivars in ultra narrow row is
necessary. Hence, this project was carried out to determination of optimum plant density by planting at different
row spacing in zero type and common cotton cultivars.

Materials and Methods

After soil preparation, two cotton cultivars (zero type cultivars) including Kashmar and Khorshid with
Khordad and Varamin cotton cultivars (as control) were planted in rows space 20, 40 and 60 cm and 20 cm on
row. This experiment was carried out as factorial layout base on randomized complete block design with three
replications at Agriculture and Natural Resource Research Station of Kashmar during 2014-2015. Irrigation was
carried out by using of tape (under pressure irrigation system) with 20 cm dripper distance and 4 liters per hour
discharge.

The measured parameters were plant height, leaf number and area, number of monopodia and sympodia
branches per plant, number of boll per each of monopodia and sympodia branches, boll weight and seed cotton
yield. Analysis of variance and correlation between traits were carried out using MSTATC and Excel and means
were compared with least significant difference (LSD) test.

Results and Discussion

The results showed that, a significant different was observed between cultivars in related with plant height in
two years. So that Kashmar cultivar had the highest plant height in two years. Reduction of row spacing,
increased significantly plant height only in first year. The highest and the lowest plant height belonged to
Varamin and Kashmar cultivars, respectively. Number of monopodia and sympodia branches were different
among cultivars and this variation was significant. In each year, zero type (cluster) cultivars (Kashmar and
Khorshid) had more monopodia and sympodia branches than common cultivars (Khordad and Varamin). With
increasing row spacing, number of sympodia branches increased in zero type cultivars rather than Varamin and
Khordad cultivars. Results also showed that there was significant different among cultivars relevant to leaf
number and area per plant. So that these traits were less in cluster cultivars than common cultivars. The highest
and lowest leaf number per plant belonged to Khordad and Kashmar cultivars, respectively. Row space had no
significant effect on leaf number and area per plant. However, the leaf number and area were more in 40 cm
treatment. In the first year, there was no significant different among cultivars in related with boll number per
plant, but the effect of row space on this trait was significant. In the second year, a significant different was
observed among cultivars and also row spacing relevant to this traits. The number of boll per plant were more in
common cultivars than cluster cultivars. Also increasing row space increased boll number per plant. A
significant different was observed among cultivars only in the first year. The highest and lowest yield belonged
to Kashmar and Khorshid cultivars, respectively. In both years, planting in narrow rows (20 cm treatment)
significantly increased seed cotton yield. For instance, the mean of yields were about 7660 kg ha™ and 9155 kg
ha™ in the first and second year, respectively. Seed cotton yields were 3462 kg ha™* and 4702 kg ha™ in the first

1- Assistant Professor of Horticulture Crops Research Department, Khorasan Razavi Agricultural and Natural
Resources Research Center, AREEO, Mashad, Iran
(Corresponding Author Email: hr.mehrabadi@yahoo.com)
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and the second years, respectively. The highest increasing yield of planting at the highest density with 167%,
86% 136% and 59% were observed in Kashmar, Varamin, Khorshid and Khordad cultivars, respectively.

Conclusions

In the intensive agricultural systems, we need to use of favorable cotton cultivars that are proper especially
for machinery harvest. These cultivars must to be with the lowest lateral growth of vegetative and reproductive
branches. In this study, Kashmar and Khorshid cultivarswere as a zero type cotton cultivars that are suitable for
mechanization harvest. Results showed that these cultivars had better reaction to high plant density rather than
common cultivars (Varamin and Khordad). In the ultra narrow row system, yield of zero type cultivars was
higher than common cultivars.

Keywords: Leaf area, Row distance, Yield and yield components, Zero type cotton cultivars
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Introduction

Canola (Brassica napus L.) is an annual plant of the Brassicaceae or Cruciferae family and is regarded as an
important oil seed crop in the world. Water deficiency is one of the most limiting factors for plant growth and
production in dry regions. The positive effects of methanol application on growth and yield of C; plants under
drought stress are well documented. Methanol can rapidly metabolize to water and CO, in plant tissues and can
affect dry matter accumulation by decreasing photorespiration. The foliar application of methanol also can
stimulate the methyltrophic bacteria, indirectly. Methyltrophic bacteria usually live on plant leaves and consume
some of the methanol on the leaves and affect plant growth via the production of different plant growth
regulators such as auxin and cytokine.

Materials and Methods

To evaluate the effects of foliar application of methanol on yield and morpho-physiological characteristics of
rapeseed cultivars under rainfed conditions a split plot experiment was conducted based on randomized complete
block design (RCBD) with four replications. Experimental treatments were two cultivars of canola (Hayola 401
and Delgan) and four levels of methanol foliar application (control, 5, 10 and 15% of volume), respectively. In
the stage of stem elongation, foliar application of methanol repeated 2 times with 10 days interval. At maturity,
the plant height and number of lateral branches were measured. At the end of growth season, the plants were
harvested by hand-cutting at the soil surface and subsequently, the number of pod per plant, number of seed per
pod, 1000 seed weight, seed yield and aboveground biological yield of canola were determined.

Results and Discussion

The results showed that the effects of experimental treatments on plant height and numbers of lateral
branches were significant. There was no significant different between cultivars for 1000 seed weight. For all of
the studied traits Hayola 401 was better than Delgan cultivar. The highest amounts of 1000 seed weight, pod
number per plant, seed number per pod, number of lateral branches and plant height were observed in treatment
with 10% methanol. According to the results, the effect of experimental treatments and also the interaction of
these treatments on the seed yield, biological yield and also harvest index were significant. The highest and
lowest seed yield were observed in Hayola 401 cultivar treated with 10% methanol (1114 kg ha™) and Delgan
cultivar in the control condition (785 kg ha™), respectively.

1- Former MSc. Student of Plant Physiology, Department of Biology, Faculty of Science, Malayer University, Iran
2- Assistant Professor, Department of Agronomy, Faculty of Agriculture, Malayer University, Iran

3- Lecturer, Department of Biology, Faculty of Sciences, Behbahan Khatam Alanbia University of Technology, Iran
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Conclusions

For all of the studied traits, the performance of Hayola 401 cultivar was better than Delgan cultivar. Although
foliar application of methanol has positive effects on studied traits but the relationship between the dose of
application and observed response was not linear and the highest amounts of seed yield, number of pod per plant,
number of seed per pod, number of produced lateral branches and plant height were obtained in 10% (V/V)
methanol. Therefore, application of methanol in concentrations higher than 10% is not recommendable.

Keywords: Biological yield, Crops, Drought stress, Harvest index
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Table 2- Analysis of variance of planting date on morphological traits, grain and biological yield, percentage and vield of essential oil of three fennel ecotypes
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Table 3- Mean comparison of morphological characteristics, grain yield, percentage and Essential oil yield of fennel ecotypes
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Introduction

Environment condition and appropriate planting date are the most important factors in producing optimal
yield. Different planting dates lead to adaptation of plant vegetative growth period to different temperatures,
daytime, and solar radiation. Therefore, it affects the development, production of biomass and ultimately plant
yield. The effect of environmental factors on phenological stages of the plant makes the planting date differ from
region to region and between genotypes in one region. The characteristics of the growth and performance of
ecotypes vary from region to region that indicates interaction among ecotype, regions and environment. The
interaction between genotype and environment indicates that selection of cultivars based on the performance of
an environment is not suitable standard. It is better to evaluate genotypes in a wide range of environmental
changes in different locations and times. For this purpose, the information obtained from the estimation of
compatibility and stability of genotypes performance is a more reliable criterion for the development of cultivars
and their cultivation and will increase the efficiency of selection and introduction of cultivars. In Khuzestan, due
to the lack of suitable and recommended planting dates for fennel plants, decision making about optimal planting
time is very important and it is one of the important factors for achieving maximum plant yield. Therefore, the
present study aimed at evaluating three fennel ecotypes in different planting dates and determining the best
planting time for this plant under Ahwaz climatic conditions.

Materials and Methods

This experiment was carried out as split plot based on randomized complete block design with three
replications at research farm of Agriculture and Natural Resources Science University of Khuzestan in 2016-
2017. Seven planting date (22-Oct, 6-Nov, 21-Nov, 6-Dec, 21-Dec, 5-Jan, 20-Jan) were assigned as main plots
and three ecotypes (Bushehr, Hamedan, Esfahan) were assigned made up of sub plots. Number of nodes, stem
diameter, second internode length, umbrella number per main stem, umbrella number per sub branch, seed yield,
essential oil percentage, essential oil yield and biological yield were evaluated after harvesting. The data were
analyzed by the SAS statistical package (Ver.9.2) and means were compared with LSD test at the 5% level of
probability.

Results and Discussion

The results showed that different planting dates had significant effect on fennel ecotypes. The maximum
internode length and umbrella number per branch were obtained from the first planting date in the Bushehr
ecotype. The delayed sowing date had a decreasing effect on morphological traits, so that the highest number of
nodes in the main stem (6.7), stem diameter (1.97 cm), umbrella number per main stem (4.55) were observed at
sowing date October 22. By delaying planting to January, the amount of traits decreased. The highest grain yield
(2026.5 kg ha™) was obtained from the sowing date of October 22 and Bushehr ecotype (1774.12 kg ha™). The
highest percentage of essential oil was obtained from sowing date of January 20 (46.4%) and Isfahan ecotype
(4.27%). The highest essential oil yield of Isfahan ecotype was 67.66 kg ha™*, which had no significant difference
with Bushehr ecotype (67.15 kg ha™) and were in a group.
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Conclusions

According to the results, the first planting date had the highest yield and components yield, due to the
favorable environmental factors in the occurrence of the genetic potential of ecotypes. Also, with delaying
planting date from October 22 to January 20, the percentage of essential oil reached the highest. This is probably
due to the reduction of reproduction period and the occurrence of this period with increasing heat at the end of
the season. Among ecotypes, Bushehr ecotype due to more adaptation to the region, as well as the highest grain
yield and number of umbrellas is proposed as the most suitable ecotype for cultivation in the study area and if
the objective is the production of essential oils, Isfahan ecotype is recommended for cultivation in the study area.

Keywords: Essential oil percentage, Grain yield, Planting date, Stem diameter, Umbrella number
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Table 4- Mean comparison effects of water deficit and foliar application for seed manganese content

(Water deficit) fss i Optimum irrigation 16.41°
Water deficit at Reproductive stage 13.59°

Water deficit at Vegetative stage 12.10°

LSD (0.05) 0.719

(Foliar application) i Jsl=e (Without foliar application) 12.09¢
(Foliar application pure water) 13.52¢
(1 in 1000 a nano-Fe chelate) 14.83%®

(3 in 1000 a nano-Fe chelate) 13.96%
(1.5 in 1000 a nano-Mn chelate) 14.23

(3 in 1000 a nano-Mn chelate) 14.8%

(1 in 1000 a nano-Fe + 1.5 in 1000 a nano-Mn chelate) 14.8°

(1 in 1000 a nano-Fe + 3 in 1000 a nano-Mn chelate) 14.86°
(3 in 1000 a nano-Fe + 1.5 in 1000 a nano-Mn chelate) 14.67%

(3 in 1000 a nano-Fe + 3 in 1000 a nano-Mn chelate) 12.55°

LSD (0.05) 0.600

L5 ) F03S5 b ()b me glis LSD 903 Lolul p cizann S jriie By 5 sl)b JBhs (b Jglne g (nS L5 3y 2 &S ola ke
Similar letters in each column and each level water deficit indicate no significant difference according to LSD 5% Test
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Introduction
Pulse crops have a huge role in Agriculture and daily life. The mung bean (Vigna radiate L. Wilczek) is one
of the most important pulse crops in the world. It is a protein rich staple food and contains about 25 percent
protein. Producing higher potential yield in comparison with other crops, is one of the greatest feature of the
mung bean crop. Also, it improves the soil fertility by fixing the atmospheric nitrogen. Water deficit affects
different growth and development stages of mung bean. In this regard, choosing the landraces and suitable
cultivars and nutrition and irrigation management, play an important role in increasing of quantity and quality of
pulses and reduce of negative effects of various environmental stresses on plants. The present research aimed to
study the effect of water deficit stress on quantity and quality mung bean traits, Parto variety under applied and
non-applied of foliar application of nano-iron and manganese chelates.

Materials and Methods

In order to study the effects of water deficit stress on reduction of quality traits of Vigna Radiata (Parto
variety) under iron and manganese nano-chelate foliar application, an experiment was conducted as split-plot
management in randomized complete block design with three replications during 2013-2014 in the research farm
of agricultural college, Tarbiat Modares University. To determine the nature of soil, the amount of mineral
elements (nitrogen, iron and manganese), the percent of organic carbon and soil acidity were sampled from zero
depth to 30 centimeter and from 30 to 60 centimeters of soil in the zigzag pattern. Experimental treatments in
main plots were three levels of irrigation regime (optimum irrigation, water deficit at reproductive stage and
water deficit at vegetative stage) and in subplots were 10 levels of foliar application (without foliar application,
foliar application pure water, one in a thousand a nano-Fe chelate, three in thousand a nano-Fe chelate, 1.5 in
thousand a nano-Mn chelate, three in thousand a nano-Mn chelate, one in thousand a nano-Fe + 1.5 in thousand a
nano-Mn chelate, one in thousand a nano-Fe + three in thousand a nano-Mn chelate, three in thousand a nano-Fe
+ 1.5 in thousand a nano-Mn chelate, three in thousand a nano-Fe + three in thousand a nano-Mn chelate) at
withholding irrigation stage. SAS software has been used to analysis data, the analyses parameters were
including variance and means comparison have been compared by using the LSD Test at probability level of 5%.

Results and Discussion

The results showed that water deficit stress and iron and manganese nano-chelate foliar application were
significant for the most of plant traits at 1% probability level. Among of water deficit stress levels, the lowest
yield and yield components for most traits, stress at reproductive stage and the highest amount in control
(optimum irrigation). Also, the highest yield and yield component was achieved from different levels of iron and
manganese nano-chelate spraying at the vegetative and reproductive stage, especially in the vegetative growth
stage, while control spraying (no spray) led to decreasing yield and yield components in plant. Also, interaction
between two main treatments were significant for the most of the traits at 1% probability level.

Conclusions
It can be concluded that water deficit stress at the reproductive stage had the most effect on reducing grain
yield, protein yield and yield components, and using nanoparticles had the highest rates of grain yield, yield
component and protein yield. The effects of water deficit can be reduced by spraying of nano-Fe and nano-Mn
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chelated. Also, it was observed that reproductive stage is the most vulnerable stage of the plant to the water
deficit stress. Stress in this stage causes protein reduction by the plant and seed filling period. Regarding the
effects resulted from water deficit stress, it is possible that spraying nano-chelated iron and manganese can make
the seed a rich source by stimulating growth and cell division and as a result, more amount of dry material is
preserved within the seed by adopting more photosynthetic materials. Among nano-chelated elements, iron and
also mixed with manganese had the most effect on the seed yield and other studied traits in this test. Thus, it is
suggested that these elements can be utilized as a factor for removing or decreasing stress and also increasing the
production efficiency in the plants.

Keywords: Pulses, Protein yield, Seed yield, Water stress
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Table 2- Input and output of important crops in Khorasan-e Razavi Province per one ha
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Figure 2- Global warming potential of important crops as a functional unit in Khorasan-e Razavi Province



PYY 90y olwlys ol sely) sons &Y game shuxocuw § ol 51 axdliao

il as 51 usoges 3135 (Barton et al., 2008) Lo
byly s a aiy alS Galizs slapllss GBI glajls
= it U oo g9 g il Oglite (S 5 ol
s Sl ialesS Jpuslsy s 3 WS ol sl o5
slaplle )5 Fod,id Copio slal &5 cunl asuio  olul oy
Byman 0jgdn (592 bt plinl 3 e SV gae Ay
ielesS Jradlly 305 Coly 03,8 (5,555 5 oloass (£35S
ol 0 Sle>

iy ol s a8 el ol 10he 3¢90 Slillas guls
Sl 4 bgye (55yoliS slaplliipg 3 Sl iule)S Jousily
(Mila i Canals et al., 2006) s_sb o s slacsy w
Aoy gllHS slajls Ll (YL mpew 4 4255 b eopl ol
btz GLals 39)9 9 cuiS slagSll 4 (yando 45 5l 295
SalS Lg e ciS (o3)se 13 5 (aasold ccglbsle ol wile
oBalS (55,55 slapllss (g i oS Glals b dlusy
i 25Rle plisa I loogs cuslio alio b jumo g il
S logas 5 olS L5 5855 415 0 b (olhass (slodss
2 38U 09,5 ol @l Sl Giss el b ola) Sl glgiea
Gomy sl liwl ) i lisee &Yy ase A5 sLaplla
2 5 Las &5 (6550558 dlo 5l (g Sl 9 (S0
Pladl Lwd glacdgw Bypae (il 5 G5yl Spas
bis cinge 90,5 (6pSola 505 SB (halo ) jlasl cizn
e 3l Sl ogde o 0l SB o 3 (a5 Ll
SB o b S5 g il Sitbdag 5 Sid slopliipsy 5
L‘)_g.‘ dl)—?l adl s J_za|9'> u‘)f oyl dondy el culps 4o
g slapllss o)k i 13 9 (635 £95 d9e b Sal,
5 1l Cge 35 ) ilies Y o

O sl Joily (508 g (i 1 (5]
32 4y S0 2SS Joas 51y +/-V) I35 4 e yo ot
PSS Jolae aly ¥1-F) Btz 5 (ool 3 Shos (5 S
5 vl Jenslty 91 (531l 3 Shas 5 Ko yo (14 SO,
@iy Gl @iladid «)d puiS b awlie o 1S wde slapllas
A AL AY YA DY FA L plp s o jonmw 5 (S0 3d oS
laoa VT Ll pa oy yiais (¥ JS5) 39 5YL o )3 AY
Aol ol crwdany NHg (ol i cstmnol 15l 09,5 3 Ciliseo
o] Sy 9-a2xe I NH3 5 SO, (NOy Jolis ooy ¥T Ll
30> YEIA-FAID o YVIS=YEIS N+ NNOIY sty 8l 09,8

Atlien ()8 ST (03 Pl VY plie Giole S Jeslty 42 51
526,500 55 90 b awolie jd o HLissl olee Jg «(IPCC, 2006)
sbide oy ytage (23 so3sS (lon ) (B)8 e Larlyd p 2
Van der Hoek and Van ) u sl e ds)ie )0 lie L]
slapllpss 13348 g9 opl 3905w 30,18 4 (Schijndel, 2006
csh (V Joio) s5-2) gLl plil )3 odee SV g Ag5
Gl 045 GWP gg02xe il 5 pl ppuw (il

S plymedn el )3y AuSliey (oS cale
aibe plim FONF L ol b el o 5 Lol
sl glgl il g adgs sdes J> (hitps://mwww.CO,.earth)
sl 0328 (el splaipg )3 NoO 5 CO; ofgas (slaills
(hnd slacd g Byan ay Lo e (V JSi) 02 5 13I8
Oiomed g el Gtz Glles gl YT ile 6,5, 5a
Brentrup et al., ) cwl olbowis sladsS G pns g Wg dl,)
.(2004a; Dyer and Desjardins, 2003; Moudry et al., 2013
4SS A 3903 3,35 (West and Marland, 2002) )l ¢ cuog
2 oS S o kS YEIVO Ll el lacls,S p opalgls b psus
JY a3l e COy Jsbeo p,5olS QA plys &S 005 jhunad] 4 S
Slles 15U cood jauesl 4 allixl o, (Lal, 2004)
1 COy Jolao p,55hs 0O/V) HlSn )3 )5 okS VOIY 1y (55,0515
il sdas Jds (Bouwman, 1990) (yeqs 5,8 (4o)l55 (HLsSa
tlord GodgS Bran |y o) laplaipg I (Ul slajls
D903 (Byme 49y 39S 0fagd

ol 0303 L by gy Sy €COp clale yilsal 5y 0Mle
o 51 B 080 10) oo TVO 51 sawasl 1o NoO clale of
48l pali 8l (oMo V20 JLw ) (222 VI 4 (08
ol 00 5 4y ey 55 cnge yol ol &5 (IPCC, 2007)
Crutzen,) cwl COZ plyp ¥V e 55 ) isle)S Juwslsy
as” Wby oL (Crutzen et al., 2008) 1)Ken 4 359,5 -(1981
bbso pBl 58I N2O wrew 455988 (sla3gS Bpan line (ial33 L
Jemiliy 3 €O, (i LadgS (ol Bpae ialS L &S (5)90 5
AblSor 5 Gluagidd A b anlys a2 (Lo F
Oy —tegee 4S5 st b olis L, (Khoshnevisan et al., 2013)
L) 58 (o ptiin 45 455555 (alions (slangs 5l asdly Ll oy Yl
NoO o)l slas (iale,S Jailty Lais (0 1) (doyd AV ppue
aS il ole (Moudry et al., 2013) |)\SKo2 5 ()50 -Cul
2 039 sbadgs By 3 SYL s 4 NLO Ll
5 09l e SEB slaplas I VL Gilye 4 @l slaplps:



https://www.co2.earth/

WAY b F oyleds I8 o oyl oo ly) lesipgy 4 pis FVY

45 + ONH3 ®BNOx ®S02 e Yield - 100
§ [ ] .!rilo.ﬁ
[<3}
> g 404 Fo]
g ] o 80
E 35 - e I
=] : e —~
5 } Pee e
8 .‘ﬂ st % ':
= 3 3.0 2 2 £
e I e 7=
Z2 2D o F60 § B
g 4 % 2.5 4 A e %‘
(o) .g n % NS
m ] pr b 3) E
=2 b ;
= \_3:3 201 — ke ~ 2
£33 o a0 4 5
g = o >
53 8N 1.5 A :::: .
c frere]
o I Ereed]
gD 1.0 4 E= o
REEE] . ° r 20
= .
h=J]
=] 0.5 4
) : ==

. b
O.o T T E T O T T T T T O

Wheat  Corn Sugar  Canola
PN @ beet 154

Tomato Potato  Melon Cucumber Water
SN aag e o515 M melon

il

E3o ) olwld bl snos O g (63,5 )15 daly G 2 il ad gowm! Jumily —F UG
Figure 3- Acidification potential of important crops as a functional unit in Khorasan-e Razavi Province

rbasd eodsS 3,8 LinlS waslio ol gl culS caslio
L Ll g0 nsSele 9 (Al slmosles Cbpmo (al38l 5 (5950
OL’.'_».:I O—.’.l 5 @it Y gase g &)‘).A 2 olouds dl.m;
9 olis Bpae 2l g0 lp (Bldpy (b)) Glyisa
OhbSer 5 S8 250 (6 S0y b (sl Jouslly &S
Iy Sl e pis 5l (5,250, 00 35 (Nemecek et al., 2011)
390 (Bpme e il nisS sl ) Sal) Glgisa
9 St gblie 3 cwlio (£) oS p e el dpog
oSl j) b Mt s ol sl ogde « SitSdas
SLesS Ay Sae g Ol Byae Glli ol cis
oy oo Jolus 4y i 1) g it
il Jily iy tatl 9 (S (g5l Lud
ol_wl)s Ol.’:_wl b OV g ame dwlde o (Sis slaplls
2 6lilas NOy p,55 LS Joleo sly £/IVF) 1318 & Loy o (555,
VW) 8By sl Ol pteS g 39 (bl 5 Slas (5 S
(soboaidl oy Shas 35 S o (gl NOy 2,5 0kS Jolee 2ol
P 1S Sy slapllas (Soid (ilall o Jouily a3 Jol>
9 (NPasS @i p ol lpiin () palS L dlie
Lo M g VA YE S D YA XYL ol cud pa s jum
slmos ¥ oam oy (] ¥ IS5) 1035 dulre 5V
Al g NH3 @ bgspe (S (g3lo)li o 150 09,5 ) calises
0955 ipl Jsilty e300 51 NOy 5 NH3 Lolis oz, ¥1 Ll

5 s985 8163 (S sl iy g Slgo (2 piagee

Byman il 65ygliS Slaplaipg y3 &5 wiws (s glades]
ECETOC, ) S5 o0 M55 (olrowd s13S o Lo (slocidgu
dcgazme dwgds ;Lil opl a5 (1994; Engstrom et al., 2009
L85 1) ad gl plawd g (§phmadl JS] odg (slaan] b
5 2LS lacamer plliipg (il » ()bl 5l 45 03900
&S Cawl 02> L g ,S0 310l (Bare et al., 2003) >y 55>
LadgS dpmas jl (2L NH3 o bl 503,88 25 wasas 4252
395 oo 4wl SOy g NOy paw jl 5 0l iS5 il (gl jd
3 a5 (gladsS (B8, me il 8l (Brentrup et al., 2004)
S52) glld pliwl 3 il SV game A5 03,38 slapllas
Sl g (23 5 paS Jolt) L 5 1515 g oxen
il 150 09,5 sl mais cely NOy 9 NH3 (claos VI
B ) A8y ohigd SV g plo b dslie ) (5
5 SLisgel slop b 4y (5955 s & 1y ] ) Jlo s
W (Fallahpour et al., 2012) 0l cows ()39 50 sl
4 a>g L (Mahler et al., 1994) -l Sen 5 Jals oa s
ol ohi sbeplapy (et 9 o3ladl sban »
el g (6503 S Sl cal 23l dosgi pglite
Seiddag g Soid 3blio ) 0fgd (1955 Sy900% 9 2D
2B e e 095 plosl (g98) el el goren
S bl ST b oslpgeS slacy pte Jlos! j1 45 s o



VY g3 ol bl sely) odne WY paxo auotuns j Ol i1 axlae

(A=Y i) L Jools 8o )3 S+ IAYAIY 5 WA-YVA L ply cuspa b
= 801 BNOx  ENH3 e Yield (A) 100
: ' i
S 7.0 -
8
= 3 - 80
3 6.0
2 4
ol -

3 _ 50 I s
13 60 % s
g 3 3 o
SS9 540 § 2
] 'q_; }) v =
o 3 = 8
= 1%, 002§
= 230 ° S
s 413 . g s
s L2 >
g 3320
2 © . . « 120
S 2 101
: o
E 0.0 ‘ T T == T 2 T @ T E T @ T @ T O

Wheat Corn  Sugar Canola Tomato Potato  Melon Cucumber Water
i Eed beet 5 S i oS 4 melon
EICPRWYY LHPRMY
= 3.0 - BN  GENH4 ONH3 ONOx ®NO3 (B) 100
% ° OPO4 0P ® Yield
E 3 Sl
e g 2.5 A
S i - 80
s %
= 3 7
2 e
53 201 ~
o 3 a -
D 29 <
SRR - L 60 4. S
D_ - k3 . Py x
=D g » g
g3 % 15 - 5 73
510 : 5 >
e a 3 . . L 40 :‘) S
c - ¢
£33 0] & o . g g
.g ‘2: — :‘1:_1. ;’} L(uo)
c < -.-- 4 }{P‘
8_0 ﬁ 20
: D_’ :-::-: ° ° L 20
5 2 054 |- ! .
D [ P
Q Tﬂ :?:r ,:,:
- E L
© LN et
> g e
O 9,7 :
< i —

Wheat Corn  Sugar Canola Tomato Potato Melon Cucumber Water
@ 1315 beet 5 (SNpaad dwioww  0RS S melon
EVCPRVEEY ailguix
925 OWlp Gl sas OY g (63,5,5 sty SG 2 (51314 (ol () 9 (i (W) (55l b oo Jinasiliy € JSS
Figure 4- (A) Terrestrial and (B) aquatic eutrophication potential of important crops as a functional unit in Khorasan-e
Razavi Province
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Introduction

Agriculture is responsible for food production and consequently food security in one hand but on the other
hand is the cause of many environmental externalities. Synthetic chemicals and other environmental pollutants
have increased these externalities in the form of soil acidification and salinization, emission of greenhouse gases,
nitrogen leaching to ground water, and eutrophication.

Many attempts have been made to evaluate the impacts of such phenomenon on the surrounding environment
of which ‘Life Cycle Assessment (LCA)’ (‘cradle-to-grave’) is the most comprehensive one.

Due to increasing use of chemical inputs in agriculture in Khorasan-e Razavi province and its consequent
environmental effects, LCA seems to be an appropriate tool to quantify such impacts. The objective of this study
was to assess the environmental impacts of important field crops production in Khorasan-e Razavi Province by
LCA.

Materials and Methods

This study was conducted to assess the environmental impact of production of important crops such as wheat,
corn, sugar beet, canola, tomato, potato, melon, water melon and cucumber in Khorasan-e Razavi Province. In
order to evaluate the relevant environmental effects, LCA methodology in compliance with 1SO14044 was used
and two factors concerned to resource consumption and contaminants emissions were computed. In this regard,
four phases, which are goal and scope definition, inventory analysis, impact assessment, and interpretation, were
designed to assess life cycle index. To make the various inputs and outputs comparable, it was necessary to
relate these data to a common functional unit, which represent the main function of the system. Therefore, all
resource consumption and emissions was related to one ton of economical yield. Three main categories as
impacts on environment including global warming, acidification, and eutrophication (terrestrial and aquatic)
were defined. To compare the indicators, they were normalized. For the normalization, the indicator results per
functional unit were related to the respective indicator results for defined reference area. Finally, an index called
environmental index (EcoX) was calculated. Cronbach's alpha was used for assessing the reliability of
questionnaire.

Results and Discussion

The results showed that the largest share of greenhouse gas emissions in global warming category was related
to CO,. The highest and the lowest global warming potential per functional unit were found for canola (1342.01
kg CO, equivalents/ one ton of economical yield) and sugar beet (27.25 kg CO, equivalents/ one ton of
economical yield), respectively. The maximum and minimum aquatic eutrophication potential per functional unit
were calculated for canola (0.59 kg PO, equivalents/ one ton of economical yield) and sugar beet (0.01 kg PO,
equivalents/ one ton of economical yield) with, respectively. The highest and lowest EcoX were computed for
canola with 0.67 Ecox/ one ton of economical yield) and sugar beet (0.01 EcoX/ one ton of economical yield),
respectively.

Conclusions

The results revealed that, agricultural production systems with high levels of economical yield do not always
contradict with environmental safety. In other word, high yield in agriculture and environmental stewardship is
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not divergent. Therefore, one of the appropriate approaches to decline the environmental impact of agricultural
production is to achieve higher yield per unit of area by increasing resource use efficiency. In order to reduce
environmental effect and obtain an environmental friendly for production systems in Khorasan-e Razavi
province, different ecological approaches could be proposed such as nitrogen application on the basis of crops
demands to provide utmost uptake and consequently decline nutrients leaching, decrease acidification and
eutrophication impacts, and decrease global warming potential.

Keywords: Aquatic Eutrophication, Agroecosystem management, Global warming, Pollutant emission
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Introduction

Glycine Betaine has potential impacts on enhancing the tolerance of plants against various environmental
abiotic stresses. There are two methods of increasing Glycine Betaine level in plants in which Glycine Betaine
does not accumulate naturally, the exogenous application of Glycine Betaine and the introduction of GB-
biosynthetic pathway into plants, via transgenes. When Glycine Betaine is applied to the leaves of tomato plants,
most of the Glycine Betaine that is taken up by the leaves is localized in the cytosol which is significantly
reduced adverse effects of abiotic stresses (Park et al., 2006). Even in non-stress conditions, there are several
environmental factors (water scarcity between irrigation times, soil salinity, mid-day heat, etc.) that can affect
the plant yield. This study tried to find the effectiveness of exogenous application of Glycine Betaine on tomato
plant in non-stress condition.

Materials and Methods

The experimental was conducted in 2015 as the randomized complete block design based on factorial with
four replications. Treatments included three levels of Glycine Betaine application level (0, 3, 6 kg.ha™) and three
times of application including planting, floral initiation and fruit set. 0, 3 and 6 kgha™ Glycine Betaine applied
with 200 lit.ha™ water and applied with back sprayer. The experimental field was located 10 km southeast of
Mashhad. Irrigation with 6-day interval was done to represent non-stress condition. Electrolyte leakage, SPAD
number and Relative Water Content (RWC) were measured. Dry matter, leaf area, days from planting to
flowering, days from flowering to fruit set, total fruit numbers, ripe fruit numbers, green fruit numbers, average
fruit size, and total yield were determined during the study. Harvest time was determined by meteorological
forecast and before the first freezing stress in fall. The data were analyzed by SAS software and the means were
compared by Duncan.

Results and Discussion

Results showed that the times of application had significant effects on some measured parameters. Glycine
Betaine application at planting stage led to increasing vegetative stage and delayed flowering time for 6 days.
The highest leaf area (1464.4 cm?) was also obtained from the same application. Different times of Glycine
Betaine application had no significant effects on total yield. However, using at planting time resulted in higher
green/total fruit ratio. Evaluation the rate of Glycine Betaine application showed that the highest leaf area (1370
cm?) and the highest dry matter (1206 g.ha™) were obtained from 3 kg.ha™ application rate. Treatments without
GB application resulted in the highest yield (74.7 ton. ha™), but increasing the rate from 0 to 3 kg.ha™, led to
94% increasing in green fruit numbers (8.4 to 16.2 respectively).

Conclusions

Exogenous application of Glycine Betaine showed different effects on tomato plants due to time and rate of
application. The highest yield was obtained from control treatment (no application) (74 ton ha) and 3 and 6
kg.ha™ applications, decreased yield 15 and 30 percent, respectively. However, the vegetative stage was
lengthened and the numbers of green fruits was increased by 3 kg.ha™ rate. It seems that if the growing season

1- Ph.D. in crop physiology, Assistant Professor, Islamic Azad University, Shirvan branch, Iran
2- Ph.D. of Agroecology, Lecturer, Islamic Azad University, Shirvan Branch, Iran
(*- Corresponding Author Email: maryamtatari@yahoo.com)
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was extended, and enough time was provided to fruit ripening, total yield could be increased by low
concentration of Glysine Betaine application up to 25% compared to control. But high rate of Glycine Betaine
may cause toxic effects on tomato and reduce the yield.

Keywords: Amino acid, Electrolyte leakage, Relative Water Content, Toxic effects
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