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Introduction

Potato ranks the first with respect to the amount of energy production per unit area. It is
cultivated in about 19.5 million hectares throughout the world and its annual production is about 375
million tons. Iran ranks the third in Asia and 12th in the world in potato production and produces
around 4.5 million tons of potato annually. Potato is a sensitive crop to water deficiency and its water
requirement is higher compared to many other crops. Due to ever decreasing of water available for
agriculture sector and reduced precipitations in recent years deficit irrigation, which results to more
efficient use of available water, can be considered as a clever water management strategy in potato
production. In this study the effect of deficit irrigation on water use efficiency (WUE) and percent
tuber dry matter of 10 potato cultivars were investigated to identify the best performed cultivar (s)
under this condition.

Materials and Methods

A two years study was conducted in a split plot experiment based on complete block design with
three replications in Ardabil in 2013 and 2014. The main plot was three levels of irrigation (complete
irrigation and irrigation with 80% and 60% of required water) and the subplot consisted of 10 potato
cultivars including: Khavaran, Savalan, Luca, Satina, Santae, Marfona, Ceasar, Agria, Aula and
Draga. Each plot consisted of 6 rows of 45 m long (27 m?. Required water conveyed to the plots
through tape line equipped with a measurer gauge. At harvest 7.5 m? of each plot (excluding the
borders) was hand harvested and transferred to the laboratory, where marketable tubers (tubers with
at least 35 mm or more in size) were separated and weighted and data were transformed to ton.ha™.
To determine percent dry matter of tubers, a 300 g tuber sample was taken from each plot, chopped
to one cm pieces and oven dried at 75°C for 48 hours until a constant weight was obtained and then
the dry matter was measured.

Results and Discussion

The analysis of variance result of WUE revealed that there were significant differences between
years, irrigation treatments and cultivars. Also, the interactions of irrigation x year and irrigation x
cultivar were significant. Water use efficiency were higher in both mild and severe water deficit
conditions compared to complete irrigation and there were significant differences among potato
cultivars in all three irrigation regimes. Under severe water deficit condition the highest and the
lowest WUE were found in cultivars Satina and Marfona respectively (5.88 and 2.24 kg.m®) and the
lowest and the highest percent reduction of WUE were also observed in cultivars Satrina (+50%) and
Marfona (-29%), respectively. The effect of water treatment on percent tuber dry matter was not
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significant. However, significant differences were observed among the potato cultivars in this regard.
The highest and the lowest mean percent tuber dry matter were observed in cultivars Savalan
(23.6%) and Draga (18%), respectively.

Conclusion

Based on the results obtained in this study it can be concluded that deficit irrigation results in
increased WUE especially in cultivar Satina, but has no effect on percent tuber dry matter. Therefore,
in regions with severe water limitation cultivar Satina, that has the highest WUE, can be
recommended. In regions where enough water is available and higher dry matter is demanded
specially by processing industries cultivar Savalan is recommended based on its higher dry matter.

Keywords: Drought stress, Satina, Savalan
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Table 1- Weather data for potato growing season during two year (2013 and 2014)

olo s Slolls  Sab o g les
(Month) Evaporation (mm)  Sunshine hours  Rainfall (mm) Relative humidity Temperature (°C)
1392 1393 1392 1393 1392 1393 1392 1393 1392 1393
(May)  cusged) 150.3 173.0 2470 2519 481 354 66.0 60.5 11.2 15.3
(June) RINJeS 168.5 203.3 280.1 2835 573 245 67.0 61.0 16.1 17.8
(July) I 2145 238.1 3469 2874 070 122 63.7 67.0 175 194
(August) ol yo 182.6 302.8 2539 3358 160 0.40 71.0 51.0 17.3 19.8
(September) ,u 05 200.4 231.6 2750 2744 640 0.60 68.0 65.0 18.3 18.8
(Total) &> 9163 1148.8 14029 1433 1285 731 - - - -
(Average) ke - - - - - - 67.1 60.9 16.1 18.2
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Table 2- Sources of variation, degrees of freedom and mean of squares of marketable tuber yields, water use efficiency and
tuber dry matter of potato cultivars under water stress

55 @l @Mjlar s g d land s Slos Ol dpas ) @Ziu
Sources of variation d.f Marketable tuber yield Water use efficiency
Dry matter %

(Year) Ju 1 4919 92.7" 0.242™

(Error 1) ¥ olusl 4 86.06 2.31 0.70
(Irrigation) ¢ Ll 2 1093™ 5.81™" 0.949 ™
(Irrigationx Year) Jlo X .¢,b 2 79.86" 3.83" 0.009™

(Error 2) ¥ oLzl 8 3.28 0.22 0.70
(Cultivar) 43, 9 1117 4.54™ 44.94™
(Irrigationx Cultivar) 3, % (¢ L 18 114™ 1.477 0.16"™
(Cultivar x Year) 8, X Jl 9 172" 7.75" 0.93™
(Year x Irrigationx Cultivar) 53, X (¢,ll X Jlo 18 16.32"™ 1.06"™ 0.41™

(Error 3) ¥ oLl 108 26.41 0.54 0.70

(Lo ) Olyuis cops (C.V) 18.1 19.2 4.0

o, . . . - o **oo*ns
Jo ) 90 Jlis! polaw 3 )b dxe g 4 dme pé cSga g«

" “and " respectively insignificant and significant at 5% and 1%
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Table 3- Mean comparison of water use efficiency of 10 potato cultivars under water stress
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Stress compared to normal useefficiency  compared to normal

irrigation irrigation

- Shsls 37.0 a* 3.82 b-d —
3 % oYsbs 36.3 ab 3.59 b-d -—
28 5y 338 a-c 368 bed —
ERS Lol 338 a-c 391 b -
: % 5 o 32.1 a-d 365  b-d —
; = 2 bg, Lo 31.8 a-d 3.15 cd —
= i R 27.6 a-e 4.28 a-c -—
34 % LSt 315 a-d 3.38 cd —
32 Yyl 34.6 a-c 3.39 cd —
- 51,5 275 a-e 3.19 cd —
g ohysls 31.2 a-d -16 3.84 b-d -
= 5 Yol 29.8 a-e -18 3.74 b-d +4
S £ 5y 29.4 a-e -13 3.80 b-d +3
J;J g Ll 296 a-e -12 4.12 be +4
+ S sl 28.7 a-e -11 3.61 b-d -1
T8 s b 26.2 ae -18 354 cd +12
3. g 3 27.3 a-e -1 4.10 bc -4
= ST 292 a-e -7 3.23 cd -4
X g Yyl 29.5 a-e -15 3.91 b-d +15
E 51, 24.7 b -10 3.43 cd +8
% gl 27.4 a-e -26 4.63 a-c +21
N oYlsbs 245 b-e -33 5.24 ab 146
S £ sy 26.1 a-e -23 4.43 a-c +20
Jg g Ll 28.9 a-e -15 5.88 a +50
& S b 236 c-e -26 3.79 b-d +3
T8 bgh le 21.0 de -33 2.24 d -29
3. % 8 24.1 c-e -12 4.46 a-c +4
kS = L3I 20.9 de -34 3.22 cd -5
2 E Yyl 24.8 b-e -28 4.29 a-c +27
E 8,5 19.1 e -31 3.77 b-d +18

5 ()l e SHST 00> iy Jloinl s> (S o5l oll  caibiio By b sla i Sibe (g0 3
In each column the means with similar letters are not significantly different at the 5% level
Al oo LialS Byme — CwoMe 5 yiulj8l CByme + Codle
Symbols + and - are indications of increase and decrease

basye 3,8 (o0 )8 Ui bulyd €00 &S 35 Jgarme (5035 Al je
o5y &9 &kl (lje 2 09Me 4l (Cantore et al., 2014) sl

Al fge e 50 ol Brae ) (g5l (Sas 3
O oS Wb ol (Akhavan et al., 2007) ))\Sen g g

29300 0929 Colds Ol B pme LS s 1 mjics £

sobods o) bl o (2N (15 Laulyd 3 o uSe s

Ol yne oIS Lials cuw goge ol & B9 oo dian JolS
O bl ol (315 (ks g Ao @l Ded g0 3 Slas
Pl e LS g9y (Sis (i b L a5 cilisee
9 Jyame 4y 0ud 3)ly (Sld 5 Sl b Canl (e (o jns



U Bl dpan T8 50, Klos oud s solo o )0 5 5 )kal S mili ]y 502 9 (699

LS it 5 290 ogine 4l o8y o Brae LI o)l
9 L )bl Jles 3 (ol caSagio oSS YIVE) O Gy
P55 VAP) Gl lade cpyiad 5 ady &gl olye 1o 530 acan
o8y pols 3an 50 el Camsas JolS )bl 55 (O] e yie p
o Gynn LS ) s 3y90 LBl 5581 L dulie ;5 4l
5 Mo (=l G5 (JolS (5l 53 T Jlade g 091 o552 (6508
= eSS YIVA G WISN XP0 L ol ol g s ol i
sk AP B JlaEe 4y e ol andl el Cawnday O CaSoyio
(Bahramloo and Nasseri, 2010) (s,~ob 4 glolygs (slaail, ;|
S5 Ly g oonldl Ll gl ol Jleis] s o
b go Lialosl adlate 93 oyl )d cglize
(=i S oSy coodldl larlpd ile (6505 Jalge
S9y ol (Soe 55 (Span 395 (i g 95 9 SB 2lie polie
aS Cowl odd )55 sl Pge usjaw Ol Bpae 1,8
Copdes 95 ddlaie s o Ghrejeam > Ol Gpas
2SS WY B DI jload GBpae (sladgs’ o g £55 5 ol
9,218 (Wright and Stark, 1990) coul 63gs e o caaSo s
byl 5 aS a0y 3,058 (Fabeiro et al., 2001) Ko 4
ot oSS M B SIY tajas o Gpame LIS il el
(Unlu et al., 2006) ,LSen 5 g Loy .l 039 o oy
£95 4 i &5 5 Il dibate 3 1) sja Ol Bpan L
P shS VIF B /A 00 Brmo ()55,55 365 (liee 9 )kl s
3 aSTy Slidaas ddhaio ;D a0dg0d )55 Ol caSoyie p
e )5 yaihe VD &Yy (S5)k (il b 455 joiS
5 (5 kel s ) ity Slye 4 (lojlad (bl s o
2 (s o o 2558 UEY) O Bpae (L (s 5 035,
5 o> BB CITY (as Gpas | e g gloskd o)l o
5 Sl Jloss )3 (caxSo o 2 p)5 oS IV ) ol o (208
Erdem) 15,5 Juols ywyiws bB O 70+ 505 e jl o
Ll ol o (Ati et al., 2012) Ko 4 ST (et al., 2006
() lod o)Ll b9y )3 (o Sl Bpae IS &S
bl o) 3l st e & (O coSoyte y p Sl V4 IYF)
ohlSan 5 olo3t il (G coSasio 1 p)SokS ONY) (2t
oy lad (o)Ll )5 aS w8 S asess 55 (Akhavan et al., 2007)
s pSshS ¥IPA) s <ol & ejims Of Bpas 2l
2 9 (Sogio 1 pSohS YIVY) o)l ol g 5l (ceno
= 3 o Ve b b bl sles )3 hall 08y il Baios
P aS Il ol sl Ol Grae ol o yin e jouw
o s dmos Vo ool b yll) wode o s Jlac! Loyl
Gy LS (it ST o8, 008 (31T 51 JB 590 )5 (oS
a$ ashy Lss i) .ccib 1) (caSejio p p)S kS YY) O

ol e 2l 2t L ST o8, (il dlllas 350 p6)1 e
Jghisie o8) polb 3o )3 .l |y (caSo i 51 p)SokS VYY)
O g e ol G5 (JolS (o)l o sy Jlas el 1L ST
Sl Kl 3 e gan adlas 3j90 08) V¢ e y3 A
St 9 $Liliand (1B LB ), B b g o pidn
I, «)luleS 5l (Ghadami Firouzabadi and Parvizi, 2010)
3390 (s A Gl Ol Brae (1S5 5 Shes
u] d)_aa.n U.JT)U Q))»_».w s ..\_».‘BL’).) 9 o3l> )I)_‘B )
Sty (2l 5l 200 Ar b o)lol) mdlo (al S5 )3 e
ol 5 lal adllas 3)50 (slogygls” o Sl ) g il o0
ety pan i sl Jlw 3 aS) YAV A-Y 6lS 5 cudld 2929
xSo oy 04 p S olS F/IM Wi b (15,5 (6)188pb Yoo
3 o Sl oSogio 00 p Sl OIVE W5 b (Vs o8 35
Eskandari ) ¢, 5> yliass 8,8 ))8 ped ol 50 sl o8,
) e juw LBy e p> &S Wl LS 5 (et al., 2011b
@b a9 )1 3929 i ne Dol Of Bpae )8l
00U L jlas o oliol ddlllae 3550 (o 08 4w le )
s ko Ve i b sles 3 9 Lpell 08 @S ol 5l 2oy3 Y-
PSS YIVY) OF Gz S Jlo it L )ST o5, olS ]
» 3= (Hassanpanah, 2010) ol yue .aiiils 1) (Ko 2o 5
Sle g a0 Gl |y ol e ) 0 VL S 5 )18
Db s byl ) o gan Ll 08 (e 3)90 (e jipms
Folssiee orlple ol (i ]y Ol Gpae QI 3Vl oleS
Lyl 905 o3lisel (gylol Of s (1392 29000 Lol )3 5 ()l
Iy skl caliseo glaw 36 a8 (Yarnia et al., 2011) o, Ko 4
5 038 glS L ST sjams o8y Jlog ol Gpas 2L 5
i JolS o)l bl b )3 o8 il led S s S
ol bl > Jg a5 Jols 15T 08 5 o a1
590> o 311 355 i (55 ST 85 ol ol 55 205 0
b g obelre 2 8)5 )15 pilez o0l 3 Ol Bpas ()
slojlos b oS aidly > 5,5 (Bahramloo and Nasseri, 2010)



Y€+ )l{)‘c\ a)l.o..ﬁ‘Yo Al?‘d)‘ﬁ‘;;"')}d'i EQ)JQ).MH \.

L Jg awily callas Allen and Scott, 1992; De Wit, 1958)
(Kashyap and Panda, 2001; Wang et ,55 (gloss (slaasil
=8 s al., 2007; Shayan Nejad and Moharrery, 2010)
b ool balyd g cglite 5 Yleas! cglés oyl a8 il oo

Gl 04
2355 odabie (6l gne gl (njicum Pl i a3 nl 5 Iy

(¥ Jgis) el Cawndds (o p3 YA) B3 4 (o)

by s loylad (o)l gy 53 (dweium Of Bpan IS
ol yidey qaaSoyio y p)S5kS VY ()lg ()l & s Lty
LS as 65,8 b)) (Nagaz et al., 2007) I, Ken 4 ;50
(o)l 5 dbiwsoj 05ily) calS b a1 (i ol Bpas
o)Leg 9 AAL»_M) ‘o)’,g.l_g. duua_ws d‘).g (.JT )]J..S.n 9 009 uglﬁm
g ol 0390 Ol CaSoyio p o SohS VW-1Fg F-A A=A ol sy
5l ol slmail L ysls 5o 5l sdal cowdan gl
(Badr et al., 2012; Mortazavibak et al., 2008; L aaxe

0 o 2B, 008 SWid 83l o yd (1Sl dug o —€ Jgan
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Introduction

Drought is the most important environmental stress that limit plant growth and crop production around the
world. Long-term tension affects all metabolic processes of the plant and as a result, it often reduces plant
production. On the other hand, potatoe is important for dry matter production and dietary intake and has been
ranked as the fourth crop for volume of production after wheat, rice and corn. Due to water scarcity, population
increase and necessity of more production of this crop, it is necessary to study the effects of water deficit on the
yield and physiology and quality of potato. The purpose of this experiment was to investigate the effect of
various irrigation regimes by subsoil irrigation at different depths on the potato yield and potassium effects as a
damage reducer factor caused by irrigation reduction.

Materials and Methods

This experiment was conducted in 2014 at Research Farm of Faculty of Agriculture of Ferdowsi University
of Mashhad. The experiment was split factorial in a randomized complete block design with three replications.
In this experiment, the main plot consisted of irrigation at three levels of 100 percent irrigation (control), 80
percent and 60 percent of the required blueberries throughout the plant growth period and Sub plots consisted of
two sub-surface drip irrigation systems in two levels, including drip tape in depth 7.5 cm soil layer and drip tape
in depth 15 cm layer of soil and the factor of potassium fertilizer application in two levels, including 100 percent
and 120 percent recommended soil test. In this research, Fontaneh, cultivar which has a better adaptability with
Mashhad conditions than the other cultivars, were used for growing season and industrial market. Plant water
requirement in Mashhad conditions was also determined using software (OPTIWAT). Irrigation volume during
growth season to supply 100 percent water requirement was 6840 cubic meters per hectare, for 80 percent was
5742 cubic meters per hectare and for 60 percent was 4104 cubic meters per hectare. Weeding is carried out
manually. The measured indexes included number of tubers per plant, tuber mean weight, tuber yield, relative
water content of leaves (RWC), dry matter content, electrolyte leakage and chlorophyll content. The data were
analyzed by SAS statistical program and the meanings were compared by Duncan test at 5 percent level.

Results and Discussion

The results of the experiment showed that irrigation have a significant effect on most traits. So that the
highest number of tubers in the plant and the relative water content was obtained in the control treatment, namely
100 percent water requirement of potatoes, but percentage of dry matter, electrolyte leakage and chlorophyll
were increased with irrigation reduction. There was a significant difference between the two drip irrigation
systems in terms of gland performance, and the amount of this trait was higher in the treatment of the drip tape at
7.5 cm depth. The results of this experiment showed that there was no significant difference between two levels
of potassium fertilizer in terms of most traits. In general, it can be concluded that although irrigation treatment
has a significant effect on most of the studied traits, the trend of changes in the two types of drip irrigation
systems used in this experiment is one.
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Conclusion

The results of this experiment showed that reduction of irrigation water in the potato whole growth season
can have a negative effect on morphological characteristics, yield and yield components compared to the full
supply of water. The tuber yield decreases with decreasing irrigation volume, due to the sensitivity of the plant to
soil moisture, especially at the time of tuber initiation and tuberization.

Keywords: Cell membrane stability, Drip irrigation tape, Relative water content, Tuber yield
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Figure 1- Effect of irrigation on tuber yield (FC100%: 100% field capacity. FC 80%: 80% field capacity. FC 60%: 60% field
capacity) (Columns with at least one common letter do not differ significantly from Duncan's multiple range test at the 5%
probability level)
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Figure 2- The effect of irrigation systems on tuber yield (Columns with at least one common letter do not differ
significantly from Duncan's multiple range test at the 5% probability level)
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Figure 3- Effect of irrigation on Leaf RWC (FC100%: 100% field capacity. FC 80%b: 80% field capacity. FC 60%: 60% field
capacity) (Columns with at least one common letter do not differ significantly from Duncan's multiple range test at the 5%
probability level)
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Figure 4- Effect of irrigation on tuber dry matter percentage (FC100%: 100% field capacity. FC 80%: 80% field capacity.
FC 60%: 60% field capacity) (Columns with at least one common letter do not differ significantly from Duncan's multiple

range test at the 5% probability level)
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Table 2- Analysis of variance for amount and type of irrigation system and Potassium fertilizer effects on some potato traits
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ns, * and **: Non-significant and significant at the 5% and 1% levels of probability, respectively
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Figure 5- Effect of irrigation on Electrolyte conduction (FC100%: 100% field capacity. FC 80%: 80% field capacity. FC
60%: 60% field capacity) (Columns with at least one common letter do not differ significantly from Duncan's multiple range

(test at the 5% probability level
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Table 3- Analysis of variance for amount and type of irrigation system and Potassium fertilizer effects on
leaf chlorophyll in different growth stages
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ns, * and **: Non-significant and significant at the 5% and 1% levels of probability, respectively
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Figure 6- Effect of irrigation on leaf chlorophyll(Columns with at least one common letter do not differ significantly from
Duncan's multiple range test at the 5% probability level)

60
a
3 P ° . b i
2 40
29
a. -9
@ 3{ 20
0
o o & .o
Q)é\(b% . (\?S'\o . \(\)‘DSI'\O $®(\Q
9 & & S
QS’Q Y Y @Q
&
é&' 9&0& {’\&% Q,é@
IEL

b @
drip tape at a depth of 7.5 cm
from the soil layer
mdrip tape at a depth of 15 cm
from the soil layer
&

O (glanld dia (39051 b (5,10 re SWET S piubie By Sy JBlas (51,15 (S ygiaw) oS 32 by IS 1 (sl ka8 (g )Ll itmns 51—V JSUS
(w1 3o yd guiy Jloss ! el 4
Figure 7- Effect of Drip irrigation system on leaf chlorophyll (Columns with at least one common letter do not differ
significantly from Duncan's multiple range test at the 5% probability level)
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Figure 8- Effect of Potassium fertilizer on leaf chlorophyll(Columns with at least one common letter do not differ significantly
(from Duncan's multiple range test at the 5% probability level
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Introduction

Over the past few decades, agriculture has experienced rapid intensification in agricultural ecosystems.
Although, this production pattern has significantly improved the yield of some crops, but has also led to an
uncontrolled increase in the consumption of various chemical inputs. Agricultural activities are always
dependent on natural resources and therefore have complex relationships with the environment. Evidence shows
that the negative consequences of these activities, which are due to increased application of chemical inputs
(such as fertilizers and pesticides) and fossil fuels, land use change and tightening of agricultural operations,
increase the incidence of pollution. Global warming and climate change, natural habitat loss and endangered
biodiversity. Indigenous knowledge is well recognized for its contribution to global warming and climate change
adaptation strategies, and natural resource conservation. The present study aimed to compare the environmental
impacts of low input (as a local production system) and conventional (as a high input farming system) saffron
systems in Razavi Khorasan province, Iran.

Materials and Methods

The required data related to saffron yield and management methods in low input and conventional systems in
Razavi Khorasan province were collected from the Ministry of Jihad Agriculture, saffron farmers and different
organizations in charge of agriculture. Data (as a 7-year perennial crop) were collected by using a face-to-face
questionnaire. Four phases, such as goal and scope definition, inventory analysis, impact assessment, and
interpretation, were designed to assess the life cycle indicator based on the 1SO14044 procedure. Four main
categories as impacts, including global warming, acidification, and eutrophication (terrestrial and aquatic) were
defined. The functional unit was considered as a one-kg flower yield. N2Opirect, N2Oingirects N2Oeachings and
N2Oyolatilization Were computed for the production systems. K? and Pearson coefficients were computed.

Results and Discussion

The results showed that the conventional system's flower yield was higher than the low input farming system,
up to 71 percent. Aquatic eutrophication potential for the conventional system was computed with 15.07 kg PO,
eq./ per kg of flower higher than other management systems up to 34%. Environmental indicators for low input
and conventional production systems were calculated with 2.72 and 3.51 Ecox per per kg of flower, respectively.
The share on impact categories such as global warming, acidification, terrestrial eutrophication, and aquatic
eutrophication were calculated with 16, 7, 8 and 69 percent from the conventional system's Ecox. The values
were computed with 17, 7, 8, and 68 percent from the low input system's Ecox. The relationship between flower
yield and fuel, nitrogen and fuel, nitrogen and phosphorus, and manure and yield was significant. The highest
Pearson coefficient was calculated for flower yield and fuel with +0.824. The amount of CO, emission in the low
input system was equal to 312.15 kg equivalent of CO, per kg of flower yield, which was 95% higher than the
conventional system. On the other hand, the emissions of CH, and N,O in the conventional system were 322.88
and 4913.94 kg, respectively, equivalent to CO, per kg of flower yield, which is 31 and 28% higher than the
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emissions of these greenhouse gases in the system under management was low input. The global warming
potential for the conventional management system was equal to 5262.67 kg equivalent of CO, per kg of flower
yield, which was 18% higher than the low input system.

Conclusion

Based on the results, it is suggested that the implementation of conservation tillage methods, consumption of
low inputs and more efficient irrigation systems be used in saffron production systems, which reduces
consumption of fossil fuels as well as soil low input matter recovery and in the long run can have a significant
impact on reducing the use of chemical fertilizers, especially nitrogen fertilizers. The integration of conservation
tillage, indigenous knowledge, and traditional management based on women farmers are valuable contributions
for global warming and climate change strategies, sustainable agriculture, natural resource and water
management conservation especially in high input saffron agroecosystems.

Keywords: Climate change, Indigenous knowledge, Global warming, Smallholder and traditional farming
system
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Figure 1- Emissions of pollutants and life cycle impact indicators for different impact categories in saffron production
systems per one functional unit
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Introduction

Wheat is globally one of the most critical cereals. It is necessary to increase its yield to cope with the
increasing population through management improvement or breeding due to decreased arable lands. Soil
moisture before planting and rainfall during the growing season are the two primary water supply sources for
rainfed wheat production. However, the non-uniform distribution of rainfall during the growing season leads to
drought, affecting crop water consumption and natural wheat growth. Irrigation is the primary way to meet the
plant's water requirement for growth, development, and high yield. Since water availability is limited in Iran and
on the other hand, different cultivars have different sensitivities to drought stress at various stages of growth, so
reducing different degrees of water consumption may have unequal effects on crop yield. This type of
management, known as deficit-irrigation, often increases water use efficiency. Drip irrigation provides optimized
use of water and nutrients during the growing season. In addition to water consumption, the balanced application
of fertilizers is an influential factor in increasing agricultural production, and nitrogen is the most critical
fertilizer recommended to improve wheat yield. Nitrogen can increase wheat yield by increasing the number of
spikes per square meter, the number of grains per spike, and 1000-grain weight. This study aims to determine the
optimum water consumption and nitrogen fertilizer under the drip irrigation system according to wheat
physiological traits.

Materials and Methods

This experiment was performed as split plot based on a randomized complete block design with three
replications in the Research Farm of the University of Kurdistan located in the Dehgolan plain in 2018-19
cropping year. Factors were in various irrigation levels (60, 80, 100, and 120% of crop water requirement) as the
main plots and nitrogen fertilizer treatments (fertilizer application of 50, 75, 100, and 125% of plant nitrogen
requirement based on soil test) as subplots. Sampling was done in all three replications to calculate soil weight
moisture and determine the irrigation water requirement in each irrigation stage. The soil moisture balance
method was used to determine the crop's water requirement according to the volume percentage of moisture in
the control plot (treatment of providing 100% water requirement). Based on the soil test results, the optimal
nitrogen application in the control treatment was considered equivalent to 200 kg.ha™ of urea. Other
experimental treatments were calculated based on the control treatment. In this experiment, traits such as
biological yield, grain yield, harvest index, water use efficiency (WUE), chlorophyll content (chlorophyll a,
chlorophyll b, and total chlorophyll), remobilization, grain protein content, protein percent, and agronomic
nitrogen use efficiency (ANUE) were evaluated. Data were analyzed using SAS statistical software, and the
means were compared using Duncan's multiple range test at 5% probability.
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Results and Discussion

The results showed that the effects of different irrigation and nitrogen levels were significant on biological
yield, grain yield (P <0.01), and grain protein percent (p<0.05). The interaction effect of irrigation and nitrogen
was significant on WUE (p<0.05), chlorophyll content, remobilization, and ANUE (P <0.01). In comparing
different irrigation levels, The hlghest and lowest biological yields were obtamed in the treatments of 120%
water requirement (15976 kg.ha™) and 60% water requirement (12975 kg.ha™), respectively. Among different
nitrogen treatments the highest and lowest biological ylelds were observed in 125% fertilizer requirement
(15141 kg.ha™) and 50% fertilizer requirement (12640 kg.ha" ) respectively. The hlghest and lowest yields were
observed in the treatments of supply of 120% (6498 kg.ha™) and 60% (4933 kg.ha™) of water requirement,
respectively. The rate of yield increase in 120% water requirement treatment was 9, 18, and 24%, compared to
100, 80, and 60% of water requirement treatments, respectively. However, the highest WUE was obtamed in
60% crop water requirement treatment and providing 100% of nitrogen consumptlon (3.08 kg.m™). In water
deficit conditions, providing 100% of the plant's nitrogen requirement keeps WUE in high level. If the amount of
nitrogen is reduced, WUE was also decreased. The highest and lowest ANUE were observed in 100% water
requirement treatment fertilized with 75% of nitrogen requirement (79 kg.kg™) and 120% water requirement
treatment fertilized with 100% nitrogen requirement (9 kg.kg™), respectively. With decreasing water
consumption, the rate of stem remobilization increased to the highest level, which was observed in the treatment
of 60% of water requirement fertilized with 100% nitrogen requirement. The highest chlorophyll concentration
was related to the 100% crop water requirement treatment fertilized with 100% of nitrogen requirementirement.

Keywords: Chlorophyll, Nitrogen use efficiency, Protein percent, Remobilization, Water use efficiency
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Figure 2- Effects of different levels of nitrogen fertilizer on the
biological yield of irrigated wheat.Columns with same lettrs are
not significanttly difference by using multiple test at p < 0.05

probability.
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Figure 1- Effects of different levels of irrigation on the

biological yield of irrigated wheat. Columns with same

lettrs are not significanttly difference by using multiple
test at p < 0.05 probability.
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Figure 4- Effects of different levels of nitrogen rtilizer on

grain yield of irrigated wheat. Columns with same lettrs are
not significanttly difference by using multiple test at p<0.05

probability.
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Figure 3- Effects of different levels of irrigation on the grain
yield of irrigated wheat. Columns with same lettrs are not

significanttly difference by using multiple test at p<0.05
probability.
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Figure 5- Interaction effect of different irrigation (120, 100, 80 and 60% of water requirement) and nitrogen (125, 100, 75

and 50% of nitrogen requirement) levels on the yield of irrigated wheat. Columns with same lettrs are not significanttly
difference by using multiple test at p< 0.05 probability
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Figure 6 - Interaction of different levels of irrigation (120, 100, 80 and 60% of water requirement) and nitrogen (125, 100,
75 and 50% of nitrogen requirement) on water use efficiency of irrigated wheat. Columns with same lettrs are not
significanttly difference by using multiple test at p< 0.05 probability.
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Table 2- Analysis of variance of the effect of different levels of irrigation and nitrogen fertilizer on yield and yield components
of irrigated wheat
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Figure 8- Interaction of different levels of irrigation (120, 100, Figure 7- Interaction of different levels of irrigation (120, 100,
80 and 60% of water requirement) and nitrogen (125, 100, 75 80 and 60% of water requirement) and nitrogen (125, 100, 75

and 50% of nitrogen requirement) on Chlorophyll a of and 50% of nitrogen requirement) on Chlorophyll b of
irrigated wheat. Columns with same lettrs are not significanttly irrigated wheat. Columns with same lettrs are not significanttly
difference by using multiple test at p< 0.05 probability. difference by using multiple test at p< 0.05 probability.
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Figure 9 — Interaction effects of different levels of irrigation (120, 100, 80 and 60% of water requirement) and nitrogen (125,

100, 75 and 50% of nitrogen requirement) onTotal Chlorophyll of irrigated wheat. Columns with same lettrs are not
significanttly difference by using multiple test at p< 0.05 probability
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Table 3- Analysis of variance of the effect of different levels of irrigation and nitrogen fertilizer on chlorophyll content of irrigated

wheat
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Figure 10- Interaction of different levels of irrigation and nitrogen on Remobilization of irrigated wheat. Columns with same
lettrs are not significanttly difference by using multiple test at p< 0.05 probability
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Figure 11- Interaction of different levels of irrigation and nitrogen on Stem remobilization efficiency of irrigated wheat
Columns with same lettrs are not significanttly difference by using multiple test at p< 0.05 probability
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Figure 13- Effects of different levels of nitrogen Contribution
of remobilization in performance of fertilizer of irrigated

wheat. Columns with same lettrs are not significanttly
difference by using multiple test at p< 0.05 probability
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Figurel2- Effects of different levels of irrigation on the
Contribution of remobilization in performance of irrigated

wheat. Columns with same lettrs are not significanttly
difference by using multiple test at p< 0.05 probability
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Figure 16 - Effects of different levels of nitrogen on Contribution Figure 15- Effects of different levels of irrigation on
of current photosynthesis in yield of fertilizer of irrigated wheat. ~ Contribution of current photosynthesis in yield of irrigated
Columns with same lettrs are not significanttly difference by wheat. Columns with same lettrs are not significanttly
using multiple test at p< 0.05 probability. difference by using multiple test at p< 0.05 probability.
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Table 4- Analysis of variance of the effect of different levels of irrigation and nitrogen fertilizer on current photosynthesis and
remobilization parameters in irrigated wheat
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Figure 18- Effects of different levels of nitrogen on
Percentage of grain protein of fertilizer of irrigated wheat.
Columns with same lettrs are not significanttly difference by
using multiple test at p< 0.05 probability.
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Figure 17- Effects of different levels of irrigation on
Percentage of grain protein of irrigated wheat. Columns with
same lettrs are not significanttly difference by using multiple
test at p< 0.05 probability.
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Table 5- Analysis of variance of the effect of different levels of irrigation and nitrogen fertilizer on
the percentage of wheat grain protein
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Figure 19- Interaction of different levels of irrigation (120, 100, 80 and 60% of water requirement) and nitrogen (125,

100, 75 and 50% of nitrogen requirement) on Nitrogen fertilizer efficiency of irrigated wheat. Columns with same
lettrs are not significanttly difference by using multiple test at p< 0.05 probability.
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Table 6- Analysis of variance of the effect of different levels of irrigation and nitrogen
fertilizer on the efficiency of irrigated wheat nitrogen fertilizer
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Introduction

Quinoa is a plant that has received worldwide attention due to its ability to grow in different stresses. The
seed protein content of this plant is higher than seeds and its protein quality is better than seeds and legumes. It is
rich in the amino acids lysine, globulin, which makes it suitable for patients with celiac disease. These issues
have led the food and agriculture organization of the United Nations (FAO) to prioritize its development,
especially in countries facing environmental tensions.

Materials and Methods

An experiment was conducted during the two cropping years of 2019-20 as split plot in a randomized
complete block design with three replications in the academic center for education, culture, and research
(ACECR), Birjand, IR Iran in 2019 and 2020. The main factor was irrigation regimes at three levels (100% of
reference evapotranspiration (ETO) (control), 65% of reference evapotranspiration, and 30% of reference
evapotranspiration; the secondary factor was fertilizer levels at six levels (control, manure, vermicompost, NPK,
50% manure+ 50% NPK and 50% vermicompost+ 50% NPK). Water requirement was calculated using the FAO
method using class A evaporation pan using equations 1 and 2. Then, considering the efficiency of 90% for
water distribution in the field, irrigation was performed. In this method, to calculate the amount of water required
by the plant, first evaporation was obtained from the daily pan evaporation (Ep) of the meteorological
department and then multiplied by the pan coefficient (Kpan). The obtained value was the ETO. In this study
inflorescence number per square meter, number of seed per plant, 1000 seeds weight, Chlorophyll index, leaf
relative water content, seed yield and harvest index were measured.

Results and Discussion

The results showed that irrigation treatment of 30% of the reference evapotranspiration (severe stress) had a
significant effect on the measured traits in both cropping years. In this treatment, seed yield decreased 38.4% and
32.6% compared to the 100% reference evapotranspiration treatment (control) in the first and second years,
respectively. Also, yield and yield components were higher in integrated feeding systems than chemical and
organic systems. The highest seed yield with an average of 3040.1 kg.ha® was obtained from 50%
vermicompost+ 50% NPK application. Based on the correlation results, 1000 seed weight was one of the most
important components affecting on seed yield of quinoa. In both years, with increasing the intensity of stress
from 100 to 35% of reference evapotranspiration, SPAD reading showed an increasing trend. The results of trait
correlation showed that there is a positive and significant correlation between harvest index and 1000 seed
weight with seed yield (r = 0.74) and (r = 0.83), respectively.

Conclusion
According to the results of this experiment, different irrigation regimes have different effects on quinoa
growth. It is concluded that in quinoa, the dry matter decreases with increasing drought stress. In compared to
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optimal irrigation treatment (100% of evapotranspiration), moderate and severe stress were significant decreased
the number of fertile lateral branches per plant, inflorescence number per m? number of seeds per plant, 1000
seed weight, Chlorophyll index and seed yield treatments. Also, there was not a significant difference in seed
yield between mild stress (65% of reference evapotranspiration) and control. The quinoa response to fertilizer
application under enough irrigation was almost constant.

Keywords: Deficit irrigation, Evaporation pan, Nutrition system, Organic fertilizer, Relative water content
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Table 1- Soil physical and chemical analysis in 2019 and 2020 (depth of 0 to 30 cm)

u’i X" ‘}&,j

. 1 Colad o o) QI e LG
\‘(‘““ M':"' f():zjjsw-l) 0.C Sand Silt Clay N Total P(ave) K(ave) Fe Mn Zn Cu
.m
ear P (%) (ppm)
2019 7.9 3.73 0.08 74 14 12 0.013 4.4 168 068 0.94 0.24 0.36
2020 7.7 3.72 0.09 74 15 11 0.015 4.6 168 0.67 0.99 0.25 0.37
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Table 2- Fertilizer properties of the experimental
b L ) B
355 £lgs! FuSe ¥ Ojor Sed by ol SR ot Syl Cagby 8oy
Fertilizers Ash 0c N P K Fe Mn pH S S Humidity
information . E ercentage
%) (ppm) c  pereem
(Chemical)
o 35S
55 215 1.2 0.6 1.57 2482 256 8.0 16.5 il
(Manure)
omelens 70 154 08 07 042 3795 277 8.3 3.19 44.7
(Vermicompost)
izlo]l 5,90 dilaio A% 9 A Jlw soaldl lasudio Y Jgan
Table 3- Climatic parameters of the experimental site in 2019 and 2020
Bl Sile ST (uSbe BEIRERRN Y Pl il Ol nile
) s s Cosb) Cosby S50
° Mean min. Mean max. Mean min. Mean max. Mean
Month temperature temperature humidity humidity precipitation
(°C) (C) (%) (mm)
2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
©2229° 105 82 238 204 226 255 68.0 85.9 0 16.0
(April)
mebien) 13.8 13.8 28.7 29.5 11.9 125 51.4 57.2 0 2.0
May
e 180 194 334 366 118 6.4 44.1 277 0 0
(June)
» 24.2 22.2 38.9 374 6.5 8.2 23.7 25.6 0 0
(July)
e 221 224 374 385 63 6.3 26.7 295 0 0
(August)
IRRS 178 154 349 322 68 104 271 38.3 0 0
(September)
e 10.5 9.3 27.2 27.6 11.7 7.3 38.9 30.1 0 0
(October)
Ul
<" 7.4 44 211 232 265 133 65.5 46.0 0 0

(December)
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Figure 1- Effect of different fertilizers and irrigation levels on inflorescence number per m? in 2 year. Columns with at least

one common letter do not differ significantly from Duncan's multiple range test at the 5% probability level.
non stress, mild stress and severe stress: irrigation after 100, 65, and 30 % of reference evapotranspiration respectively.
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Figure 2- Effect of different fertilizers on number of seed per plant in 2 year. Columns with at least one common letter do not

differ significantly from Duncan's multiple range test at the 5% probability level.
non stress, mild stress and severe stress: irrigation after 100, 65, and 30 % of reference evapotranspiration respectively.
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Table 5- Mean comparison measured traits in Quinoa under irrigation levels and nutrition management

s a3 Yeer 49 Cwild g el
Sou rce:? VEI:;tion 1000 seeds weight Harvest index
©) (%)
(Irrigation) (L
11 2.32A 5537 A
12 2.00B 58.93 A
I3 1.96 B 4344 A
(Fertilizers) 8
(Control) sals 1.96 A 4224 C
(Manure) _el> 358 210A 46.93 BC
(Vermicompost) cussses’ o) 2.09 A 53.67 B
NPK 2.07 A 54.07B
NPK 7 a++ als 7 -
(50% manure+ 50% NPK) 214 A 20548
NPIE0: % coumalisong 1 0 221 A 6354 A

(50% vermicompost+ 50% NPK)

b e 5SSl (claals b yg05l (wliol pr duoyd iy pdaws )3 55 dime MBS pae Ui gty > alie gy b b Sikie
Means with at least one similar letter in each column, are not significantly different (p<0.05) based on Duncan multiple range test.
o yo olS 5585 g i do )3 Yo g 50 amli) Voo Jolee ()bl i ya:13 51241
11, 12 and 13: 100%, 65% and 30% of reference evapotranspiration respectively.
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Figure 3- Effect of irrigation levels on Chlorophyll index in 2 year
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Figure 4- Effect of irrigation levels on seed yield
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Figure 5- Effect of different fertilizers on seed yield in 2 year. Columns with at least one common letter do not differ
significantly from Duncan's multiple range test at the 5% probability level.
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Table 6- Correlation between measured characteristics of Quinoa as affected by interaction of irrigation and fertilizer

oS JS slaws 33 &l dlaxi ‘ JTR: Cagb,y (g0 3 ,Sdos oasLs
slowd &y o B Sy <1 )13 0 Juds IS Sy o &l ol
Treat Inflorescence Number of 1000 seeds Chiorophyll  Leaf relative Seed Harvest
number per  seed per plant  Weight (3) : 8r0p4y water content . |e§ 6 i grves7
M2 (1) 2) index (4) (5) yield (6) index (7)
1 1
2 0.1889ns 1
3 0.6724** 0.4778* 1
4 -0.2735ns 0.4293ns -0.2230ns 1
5 0.5226* 0.3741ns 0.5092* 0.09264ns 1
6 0.6796** 0.6921** 0.8380** 0.0861ns 0.5922** 1
7 0.6213** 0.5940** 0.5330* 0.1534ns 0.4243ns 0.7420** 1

b ire pE g do )y S g duoyd iy Jlein] pdaw (3 55 xe (ud Sy NS o *F K
ns,* and **: are non-significant, significant at 5 and 1% probability levels, respectively.
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Introduction

Lamiaceae is a large plant family with many important genus like Ziziphora. This genus has four species in
Iran. Three species including Z. tenuior, Z. persica and Z. capitata are annual and Z. clinopodioides is Perennial.
Ziziphora clinopodioides Lam. is an aromatic plant that leaves and flowers are frequently used as a traditional
herbal medicines for the treatment of colds and cough. In Iran, this plant is mostly used in traditional medicine as
a sedative, carminative, anti-emetic, anti-inflammatory and antiseptic substance in food. The present work was
conducted to investigate the reaction of different plant populations to cultivation in one place.

Materials and Methods

The experiment was conducted during 2017-2019 in Fozveh station of Agricultural and Natural Resource
Research Center of Isfahan. It was on the basis of randomized complete block design with three replications.
Treatments were three populations of Z. clinopodioides that were collected from Isfahan province including
Makooleh, Sarcheshmeh Golpayegan and Daran regions. Measured traits included: dry shoot weight, plant
height, dry to wet weight ratio, 1000-seed weight, essential oil percentage, yield of essential oil and essential oil
compounds. The percentage of essential oil was measured in 50% flowering stage by using hydro-distillation
using an all-glass clevenger apparatus for 4 h. The amount of essential oil compounds was measured by gas
chromatography (GC) and the qualification of essential oil was measured by gas chromatography-mass
spectrometry (GC-MS). The chemical compounds of the essential oil were identified on the basis of GC-MS
retention time on fused silica capillary column and by comparison between their retention indices (RIs) with
retention indices of published data, Standard Mass Spectral Fragmentation Pattern. Sas 9.1 software package was
used for data analyses. Mean and standard deviations of each experiment were calculated and then were
subjected to analysis of variance. Duncan test was used to determine mean differences among the treatments at
1% probability. Also, interactions were analyzed by using MSTATC software.

Results and Discussion

The combined analysis results showed a significant difference for all traits among populations. Sarcheshmeh
Golpayegan and Daran populations had the highest (179 and 7011 kg.ha™) and lowest (70 and 6120 kg.ha™) seed
yield and aerial dry yield respectively. Also the highest amount of oil percentage and oil yield were observed in
Sarcheshmeh Golpayegan population. The range of essential oil percentages between populations were from
1.2% (makooleh) to 1.4% (sarcheshmeh). Experimental years had a significant effect on all studied traits except
of 1000-seed weight. Populations in the second year had higher performance than the first year. This was
especially noticeable in shoot dry weight, seed yield and essential oil yield. Results of genotype*year interaction
revealed that Sarcheshmeh Golpayegan population had the highest seed yield and shoot dry weight in the second
year. In total, 26 compounds were identified in Z. clinopodioides essential oil populations. Two major identified
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compounds in essential oil analysis recognized as 1,8 cineole and polegone. In Makoole population Polegone
was the main component but Sarcheshmeh Golpayegan and Daran were rich in 1, 8- Cineole.

Conclusion

In general, the results of this study indicated that the studied populations had the sufficient genetic diversity
for various traits such as shoot vyield, seed yield and essential oil percentage. The existence of this diversity can
pave the way for remedial work in the future. This research has shown that Z. clinopodioides has the ability to
adapt and cultivate in the field environments. Therefore, it can be used as a new medicinal plant in the country's
agricultural system. This plant can also be introduced as an appropriate source to provide a combination of 1, 8-
Cineole and Polegone used in food and pharmaceutical industries.

Keywords: Lamiaceae family, Polegone, Seed, Yield
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Some Growth Traits and Pot Marigold Oil (Calendula officinallis L.)

LA

M. Taheri Asghari*

) How to cite this article:

Received: 26-09-2021 Taheri Asghari, M. 2022, Effect of Mycorrhizal Fungi Symbiosis and Foliar Application of
Revised: 20-12-2021 Amino acids on Some Growth Traits and Pot Marigold Oil (Calendula officinallis L.).
Accepted: 25-12-2021 Iranian Journal of Field Crops Research 20 (1): 93-103. (in Persian with English abstract).

DOI: 10.22067/jcesc.2021.72735.1092.

Introduction: The Food and Drug Administration has classified pot marigold as a GRAS (generally recognized
as safe) substance. Foliar nutrition acts as an effective tool for nutrient management in plants, and foliar nutrition
can be used successfully to address wide spread nutrient deficiencies, especially in critical plant growth stages.
Plants are able to absorb amino acids, amides and many nitrogen compounds through their roots or leaves. Also,
plant symbiosis with mycorrhizal fungi causes water absorption, nutrient uptake and growth under
environmental stress. These fungi are able to symbiosis with the roots of most terrestrial plants.

Materials and Methods: In order to investigate the effects of foliar application of amino acids and mycorrhizal
fungi symbiosis on quantitative and qualitative characteristics of Calendula officinalis L., a factorial layout has
been conducted, based on a randomized complete block design with three replications at the research farm of
Islamic Azad University, Takestan Branch during 2017-2018 and 2018-2019 growth seasons. Experimental
factors included three species of mycorrhiza fungi (Control, Glomus mosseae, G. etunicatum and G.
intraradices) and Soren amino acid levels (This commercial compound contains a variety of essential amino
acids for the plant) included no foliar application and foliar application in two stages of stem and flowering.
Land preparation was performed before planting. According to the experimental map, experimental plots were
planted in six rows at a distance of 50 cm and a length of six meters and the distance between plants on the row
was 20 cm. Before planting, based on soil test results, ammonium phosphate fertilizer (150 kg.ha™) and
potassium sulfate fertilizer (100 kg. ha™*) were used. Both fertilizers were mixed with soil along with one third of
the nitrogen mountain from the urea source at the beginning of planting. Urea fertilizer at the rate of 100 kg.ha™
was applied and the remaining two thirds were applied as a road after the final thinning and before flowering.

Results and Discussion: The results showed that the application of amino acid and mycorrhizal fungus of G.
mosseae species had a so significant increase in the percentage of root colonization compared to the treatment of
not using mycorrhizal fungus and the application of amino acid. Foliar application of amino acid increased by
6% and use of mycorrhiza, G. mosseae in pot marigold, increased chlorophyll index treatment by 33%. The
results also showed a 25% and 70% increase in oil percent and oil yield due to foliar application of amino acid
and use of mycorrhiza, G. mosseae compared to non-use, foliar application of amino acid and mycorrhiza. The
highest essential oil yield was obtained from G. mosseae treatment with a value of 7.74 kg.ha™. The results of
analysis of variance showed that the interaction effect of foliar application of amino acid and mycorrhiza on the
percentage and oil yield was significant at the level of five percent. The results showed a 25% and 70% increase
in oil yield and yield due to foliar application of amino acid and mycorrhiza, respectively, of G. mosseae
compared to non-foliar application of amino acid and mycorrhiza. Inoculation with G. mosseae and application
of amino acid had the highest seed yield and this treatment showed a 24% increase compared to the control with
the same mycorrhiza but without the use of amino acid.

Conclusion: Based on this study results, it can be said that inoculation of pot marigold with mycorrhizal fungus,
especially G. mosseae species, it can be used to absorb nutrients for better growth of this plant, and foliar
application of amino acids improves plant growth and development by providing nitrogen to the plant.
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Table 3- Interaction of amino acid and mycorrhiza treatments on some traits of calendula officinalis
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Root colonization Seed yield Lenght of flower Oil yield
1 percentage 1
percentage (%6) (kg.ha™) stem (cm) (%) (kg.ha™)
(Control) ssls 3.50¢c 926.67 d 20.73 ¢ 17.05¢ 158.43 d
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Sy (Control) s 4.66 d 1624.00d 21.65¢ 18.18 ¢ 295.88 d
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Amino acid G.etunicatum 40.16 ¢ 1963.33 ¢ 22.71b 2141b 420.35¢
application G.intradices 47.33b 2170.83 b 23.78 a 2231la 484.56 b
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Means followed by the same letters in each column are not significantly different by Duncan test at 5% probability level.
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Table 4- Effect of application of amino acid and mycorrhiza treatments on some traits of calendula officinalis
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Means followed by the same letters in each column are not significantly different by Duncan test at 5% probability level.
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Figure 2- Effect of interaction of different levels of amino acids
and mycorrhiza on the oil yield of pot marigold. Columns with
at least one common letter are not significantly different from

Duncan’s multiple range test at the 5% probability level
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Figure 1- Effect of interaction of different levels of amino
acids and mycorrhiza on the percentage of pot marigold
oil. Columns with at least one common letter are not

significantly different from Duncan's multiple range test
at the 5% probability level
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Introduction

Changes that occur during aging affect seed quality. Vigor is the first component of seed quality that
decreases with aging seed, and followed by a decrease in germination capacity, seedling growth and
establishment. The seeds of soybeans are classified in the orthodox seeds. These seeds contain high amount of
lipid and protein. Seed viability can only be maintained until few months of storage under normal conditions.
One of the important steps in soybean seed industry is maintaining seed quality during storage condition for the
planting during next growth season or sales. Lack of a proper storage condition would affect the biochemical and
physiological nature of soybean seeds and intensify their aging. Changes that occur during deterioration
condition affect seed quality. Through the process of deterioration, seed vigor is the first traits of the seed quality
that decreases, followed by a decrease in germination capacity, seedling growth and establishment. Wide range
of deteriorative conditions (especially moisture content and temperature) may affect seed quality during storage
which may lead to seed aging. Hence, to stimulate germination and increase the establishment of seedlings from
ageing seeds, treatment can be done using different materials such as brown seaweed extract. To continue the
experiment, normal seeds and aged seeds were sown in June 2018 and 2019 at a depth of 2 cm. Each plot
consisted of 4 lines 6 m long with a distance of 50 cm between the lines and 10 cm width on the lines.

Materials and Methods

A factorial experiment was performed based on a randomized complete block design with three replications
at the research field of Shahroud University of Technology. In this study two sets of seeds including control
seeds (un-aged) and aged seed were used and brown seaweed A. nodosum (0.3%) was applied for control, seed
pretreatment, foliar spray and seed pretreatment+foliar spray. The brown seaweed extract was "Acadian™
Seaweed Powder" (produced in Canada) containing brown seaweed extract (Ascophyllum nodosum), and all the
reagent and chemicals for experiments were purchased from Merck (Germany). Soybean seed Var. DPX. was
collected from the Mazandaran agricultural research center. The water content of seeds was 12%. The seeds
were those that harvested in the same year and kept in a controlled storage room at the temperature between 14
to 17 °C and relative humidity of 30 to 40% at the Agricultural Research and Training Center and Natural
Resources of Mazandaran Province. For surface sterilization, soybean seeds were disinfected with 1% sodium
hypochlorite for 60 seconds and then washed with distilled water. To prepare aged seeds in the laboratory, the
seeds were incubated at 41°C and 95% relative humidity for 72 hours according to the method described
previously. For each treatment, 100 g of the soybean seeds were soaked in 20 ml seaweed extract (0.3%) under
ventilation condition for 6 hours, following by drying the seeds in the shade.

Results and Discussion

In this study, the results showed that the seed aging reduced the mean daily seedling field emergence, content
of soluble sugar, leaf area index, stomatal conductance, oil yield and seed yield and also, increased the electrical
conductivity and free amino acids content in the field condition. Whereas, the seed pretreatment with the
seaweed extract in normal and aging conditions increased mean daily seedling field emergence 15.31% and
55.03% respectively. The values of leaf area index, stomatal conductance, oil yield and seed yield were
increased with application of both pretreatment and foliar spray of seaweed extract, 34.51%, 23.72%, 91.68%
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and 87.85% respectively. Seed pre-treatment and foliar spraying with Ascophyllum nodosum brown seaweed
extract at a concentration of 0.3% improved the deteriorated effects and significantly increased seed yield.

Conclusion
This study concludes that the seaweed extract is effective to minimize negative effects of aging on seeds

performance and has a great positive effect on the physiological and agronomic traits of soybean plant. Among
the four methods used in this study, the seeds pretreatment+foliar spray was more effective.

Keywords: Antioxidant, Deterioration, Priming, Rockweed
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Table 1- Physico-chemical properties of the experimental soil

SBoesl S colan S ons IS (339 HB i HB oy
Soil ’ & ! Electrical Organic Total nitrogen ¥y Q¥ yd
texture pH conduct|V|t¥ (EC) carbon (N) Phosphorus (P) Potassium (K)
dsS.m’ % % mg.kg-l
S_ﬁf’] 7.36 0.71 0.60 0.066 5.54 240
ilty Loam

asys0 ol G S59-Y Jgoa
Table 2- Properties of the experimental water

S colas “axl pco,s oF 50,2 Ca Mg Nat
Electronic conductivity (EC) pH
ds.m* meq.| *
15 7.4 3.8 102 12.2 184 116 110

w135 (Acadian Seaplants, Canada) suiSudsi 8 i dawsi o3l J(A. nodosum) ¢udlT s ,39: B Sivg S -V Jos>
!

Table 3- Some composition of Acadian marine plant extracts powder (A. nodosum) according to information provided by
Acadian Seaplants, Canada

Traits B S5
Appearance sals ‘5|°%°‘§ ok slajgl
Brownish-black crystals
Solubility in water el edds 100%
pH 10.0-10.5
Maximum moisture Cugby ST 6.5%
Organic matter ST olge 45-55%
Ash (Minerals) (Fme dlg0) yuuss 45-55%
Total nitrogen (N) I o5 0.8-1.5%
Available phosphoric acid (P,05)  (P20s) (o s b6 < jaund sl 1-2%
Soluble potash (K,0) (K20) Lo pwd 1B pumolty 17-22%
Iron (Fe) ol 75-250 mg.L*
Manganese (Mn) Jiten 5-20 mg.L*
Amino acids dinel gl Total 4.4%

(oybhomw oylias! owlinilgn 8,181) (wiule3T 5590 Jlw g2 45 alilrie owlinilgr godls —£ Jouo
Table 4- Meteorological data for the field sites during experiment (Semnan province Meteorological Office)

SN ol gl bod (il
Precipitation (mm) Relative humidity (%) Mean temperature (°C)
olo Month 1398 (2018) 1399 (2019) 1398 (2018) 1399 (2019) 1398 (2018) 1399 (2019)
CRdy9y0 April 75.8 414 57 67 11 9.4
Cadigerd)| May 6.8 495 47 60 16.2 16.3
s June 10.7 0.0 46 41 22 24.9
I July 0.0 4.2 42 41 275 24.0
o5 ye August 0.0 16.2 42 38 251 25.5
) September 0.0 0.0 42 45 21.3 20.3
e October 3.3 10.7 43 47 14.3 13.8

oul November 5.8 4.8 48 51 101 9.4
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1- Mean daily Seedling field emergence
2- Prometer
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Figure 1- Effect of seed primary quality and seed pretreatment of seaweed extract on mean daily seedling emergence.
Significance at the 5% probability level with LSD.
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Table 5- Variance analysis of mean squares of mean daily seedling field emergence (MDE), soluble sugar, insoluble sugar,

electrical conductivity (EC), LAI, stomatal conductance (SC), oil yield and seed yield under aging and seaweed extract on
field of soybean

8 e df Mpg  Soluble Insoluble EC LAI sC oil Seed yield
S.0V sugar sugar yield
year L 1 024™  1797.90™ 78279 134 0004 430509 39563™  10413.46"
Error 1 Jl s 4 0.005 970.10 835.08 6.37 0.81 198.41 440.55 11438.94
aging (a) Sgw 1 6.68"  7270.68™ 71.72"™ 35064 953" 2007.32" 479884 9970606
s(b) “"ld? ‘”:"‘ . 3 1777 793.54"™ 4703.81" 56.34" 167" 256446~ 210831 5opr519™
eaweed extrac
a*b 3 0.16"  8630.08"  2589.66" 9.18™ 0.32™  326.45™ 91.13™  3082.03™
y*a 1 0.13 9595.96™ 0.0001™ 9.42"™ 0.31™ 173.91™ 192.77™  5306.62™
y*b 3 0.001  598.39™ 0.00001™ 23.14™ 064" 156.39™  2518™ 716.67™
y*a*b 3 0.069  1429.12™  0.00001" 479" 0.25™ 106.07™  73.36™  1941.22™
Error s 28 0.03 688.01 259.36 4.44 0.17 179.51 110.23 2729.54
Sl 0 ; 8.1 11.7 10.7 2.8 16.3 8.7 228 224
C.V (%)
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ns, * and **: nonsignificant, significant in 5% and 1% respectively.
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Figure 2- Effect of seed primary quality and seaweed extract in 2018 (a) and effect of seed primary quality in 2019 (b) on free

amino acids content of leaves. b1: control, b2: pretreatment, b3: foliar spray and b4: seed pretreatment+foliar spray.
Columns with at least one same letter have not significant difference at 5% probability level using the LSD.
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Table 6- Variance analysis of mean squares of free aminoacids, Chl,/Chl, and Chl ., under aging and seaweed extract on
field of soybean (2018 and 2019)

Free Free
a4
T > aminoacids Chl,/Chl, Chliota  gminoacids ~ CM/Chlb Chl ot
83!
SOV of Y44 (2018) 144 (2019)
Replication 1,55 1 428.53 0.001 0.06 1273.23 0.085 0.08
Aging (a) Jls; 4 4558.58™ 0.03" 0.002™  10652.61" 0.22" 1.94"
(B) Sk obeae 1 4383.43" 0.004 " 0.67" 907.57 0.30™ 2.30"
Seaweed extract
a*b 3 1473.73" 0.015™ 0.34™ 84.47 0.04 1.81"
Error clas 14 388.91 0.001 0.18 539.48 0.026 0.37
C.V (%) &y gy - 8.6 6.2 6.9 11.9 15.6 104

o y> Sy g deo > gy e 3 (30 (5 sine pas t Sy s g e NS
ns, * and **: nonsignificant, significant in 5% and 1% respectively.
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Figure 4- Effect of seed primary quality and seed pretreatment of seaweed extract on chl a/chl b in 2018. b1: control, b2:

pretreatment, b3: foliar spray and b4: seed pretreatment+foliar spray. Columns with at least one same letter have not
significant difference at 5% probability level using the LSD.
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Figure 4- Effect of seed primary quality (a) and seaweed extract (b) on chl a/chl b in 2019. b1: control, b2: pretreatment, b3:

foliar spray and b4: seed pretreatment+foliar spray. Columns with at least one same letter have not significant difference at
5% probability level using the LSD.
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Figure 5- Effect of seaweed extract on total chlorophyll in 2018 (a) and seed primary quality and seaweed extract on total

chlorophyll in 2019. b1: control, b2: pretreatment, b3: foliar spray and b4: seed pretreatment+foliar spray.
Means followed by the same letters in each column are not significantly different by LSD test at 5% probability level.

o Lagndipn g aelie ()b (uilodygf (60455 «(gjoml jLES
(Movahhedi Dehnavi et al., 2017) s S o oS oLS

0=l (F90 bl b > Jodoe a5 al5 8l Jele (o et
Al (anolis) Joleel ()8 Socliam o 55 Sl oo Lig
Ol —igg 9-b oo Jole B (Ll 4 poxie Cole ) oS
35 oo G g gl (Sogmd o8 1o i 55 S0
Mansouri ) a_s yoi ol 5l ool lals Sy jd Jode
LLs aS WSl olaase oyl (Gandamany et al., 2015
Sy Sl b1y (Soge Ll 53 Jslone cslaats (nl3dl oy
il 255 o] b 3 88 SIS e 5 M| 45 0
Ol igg )8 ey g e Jas (S gl 4
olie iy sl ygeyen sl s 4 Sls ojlac o5 adl
5 (I slaJsSUse joan s & iz 5 9,5l 5 9,500

Jannin et ) sg o Jolote 13 5lise a8l 4 yomie JI clavisl
(al., 2013

Jslaols g Jglao slauis
ol 8 Joas » wlaw opl Gluye 365k usb)lg 4350
C«..élﬁ).) 1) D)l_«a.c 4-( UJLbLf ).) X é’)"“" d)“" .CAM)‘ oG O.)l.)
(obJgtome ©yguods 45 g Hlad iy Gjgody &) K392 03,55
uua\.( 5 Jodoro (slaa s O\)‘_:A Sdoyd YEAY w‘)ﬁ‘ 9o
byl s d Cuws Sy 0 09390 Jolomol (sladid (sauopd Vo /AF
Sus b xe Glli8l cnge (Bl glone olen 4 jlosi iy
o e s 3 ol (ol 53 Jp 2 0l & Con Il
(ol slore olyon 4 oS iy plg 5 ) 8 iz en 5 (Bl sl
Jloy blys o (Fa JSi) oy ol sals & cuws 1y cds oy
9o Sl s bmo olyen 4y sloi i plgs 3,18 5 (5l sloxs
Jodore slaaid (Fh JSCs) wad Joborol (sladid l5ue ials
ol L Jadote (slanid .l (i (6 jeu] mala 3 g bl o



VO 0 adgl e g Sols ojbas 2ok Jokxo 9 5y slowd Ging 49 (DPX) bguw oL G 5glgn jud bl ol )50 9 & 52

a Onormal seed
M aged seed

5 :
@ 300 be d be bcdab be

iﬁ“%? 200 | © s

< 20

ﬂo—.

2 2 & 100

Y T o

5\35 0

2 bl b2 b3 b4
=
2

{M)J 'J"Y'] kg Sla o las
seaweed extract (0.3%)

b Onormal seed

maged seed

b
150 ecdbe 4 be

100

(mg. g'! Dw)
h
[a=]

bl b2 b3 b4

L.]?J:“lj L_gl.ao.uﬁ L519-'-7'-‘

content of insoluble sugar

{La)J *J'[Yl] u—-’-L.'-)J ;_{.J_s s )lac
seaweed extract (0.3%)

103 ¢jlow ket 2 ¢uc DL S 1 53 29290 Jglomoli g Jylono WiB (glgino 5 (2> Sl 0,Las gy adgl CudeS LIS o0 1 03T T USS
Jlis! gdaws )3 (5,13 Sxe S!S o Bya Sy JBlaa (511> S (9w (5 32 (il glone ol pod 1 ()4 jlow iy D4 9 (L glone
ICAREY IS D IRV A IRWEY 39)

Figure 6. Effect of seed primary quality and seaweed extract on content of soluble and insoluble sugars in leaves. bl: control,

b2: pretreatment, b3: foliar spray and b4: seed pretreatment+foliar spray. Columns with at least one same letter have not
significant difference at 5% probability level using the LSD.
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Table 7- Mean comparison of seed primary quality and seaweed extract on Electrical conductivity (EC), Leaf area index
(LAI), Stomatal conductance (SC), Oil yield and Seed yield

Treatments &)ng; EC LAI SC Oil yIE|d Seed yleld

Seed primary quality i, 4Jsl cuis % mmgl. CS:?Z g.m? g.m?2
Normal seed Jl, ,d 72.27 3.04 161.39 55.94 278.83
Aged seed oxgu s 4 77.68 2.15 145.82 36.02 187.68
LSD 5% 1.246 0.250 7.922 6.208 30.89

Seaweed extract b, K> o)lac
Control u»ls 78.20 2.26 140.77 32.46 167.21
Pretreatment s i 74.01 2.30 146.30 50.83 258.23
Foliar spray sl sl 74.15 2.76 153.18 38.42 193.46
crilidsbrtlediing 73.54 3.04 174.17 62.22 314.11

Pretreatment+Foliar spray
LSD 5% 1.762 0.354 11.204 8.78 43.69
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Table 8- Path coefficient analysis of Mean daily Seedling field emergence (MDE), Electrical conductivity (EC), Leaf area index
(LAI) and Stomatal conductance (SC) traits on seed yield (seed yield is dependent trait).

Traits MDE EC LAI sC Total effects
MDE 0.360 0.106 0.091 0.036 0.59
EC -0.246 -0.156 -0.104 -0.056 -0.56
LAI 0.171 0.085 0.192 0.079 0.53
SC 0.059 0.036 0.067 0.225 0.39
R- Square 0.5046
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