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Introduction

Fenugreek (Trigonella foenum-graecum) is an annual plant belong to Fabaceae and is one of the
traditional medicinal plants worldwide. It can provide seed and protein suitable for human's nutrition as well as
animals. Water scarcity is a key threat in twenty-first century. On average, 40% of the world land surface are
drylands, while this surface area is 90% in Iran. Supplying water requirement of Fenugreek through irrigation is
an important factor affecting its growth and yield.

Material and Methods

The experiment was conducted as split plots based on randomized complete block design with three
replications at the Research Farm, Faculty of Agriculture of shahed university, Iran, in 2014 and 2016. The
main-plot was three levels of drought stress, included severe drought stress (20% field capacity), moderate
drought stress (40% field capacity), mild drought stress (60% field capacity) and non-drought stress (80% field
capacity) as control. Sub plots were nine Fenugreek ecotypes including Neyshabur, Shirvan, Mashhad, Tabriz,
Roudsar, Isfahan, Hamadan, Ardestan and Shiraz. At maturity, and the plants were harvested from the soil
surface and the plant height and number of lateral branches, number of pod per plant, number of seed per pod,
1000 seed weight, seed yield and aboveground biological yield were measured in the lab. Statistical analysis
carried out using SPSS version 16 software. Significant difference was set at p < 0.05 by using Duncan’s
multiple range test.

Results and Discussion

Results of stepwise regression showed that the traits including biomass, harvest index, branch length and
number of pods per plant explained 96.7% of grain yield variation, respectively. Factor analysis for
morphologic, yield and component yield traits showed the first three independent factors explained 93.48%
of total variance in all genotypes. Days to maturity with 36.47% of total variance had the highest amount in
the first factor, while, number of seeds per plant and seed yield with 29.74% and 27.07% of total variance
were ranked as second and third factors, respectively. Cluster analysis by Ward’s minimum variance,
clustered ecotypes into three groups including 1- Isfahan, Ardestan, Hamedan and Shiraz 2- Mashhad and Tabriz
3- Shirvan, Rudsar and Neyshabur. The results showed that, the plant height, Internode length, nhumber of pod
and seed per plant, 1000 seed weight, biological and seed yield and harvest index significantly affected by
drought stress and ecotypes. The highest plant height, number of pods, 1000 seed weight, biomass, seed yield
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and harvest index was recorded in Shirvan ecotype while, the longest day to maturity and height of first pod
were observed in Neyshabur ecotype at 80% FC. The highest plant height, the first formed pod, 1000 seed
weight, seed yield and harvest index in Shirvan ecotype were observed in the 40% FC.

Conclusion

Drought stress reduced all studied traits in all Fenugreek ecotypes in this experiment. For seed yield, the
performance of shirvan ecotype was the best compare to other ectypes in control and mild and moderate stress
condition. The highest distance of the first pod from the soil surface in the control condition was observed in the
Neyshabur ecotype but in the moderate stress condition in Shirvan ecotype, this trait is important for the
mechanized cultivation. Based on the results, there is a reliable variation amongst different Iranian Fenugreek
ecotypes and they could use for breeding programs against drought stress. It also seems that Shirvan ecotype of
Fenugreek can be considered for stable seed and biomass production under moderate drought stress and normal
conditions.

Keywords: Cluster analysis, Medicinal plant, Stepwise regression, Water stress
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Table 1- Temprature and precipitation data of sinoptic meteorological station of Immam Khomeini Airport (The nearest
meteorological station to experimental farm) during years of the experiment
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Table 2- ANOVA of different morphological and yield traits of Fenugreek landraces in two growth seasons of 2013-14
and 2015-16
Mean squires e yo (pSibe
—_ I = =
) E 5 @, S & G S @ g .
kS e ‘bf‘ ¢, 2, &, 2% §g Er gg 8& g¥& o, F[
sov CORE- ST Ea s St¢ &% gr &F g2 3¢
df 3 & > fe =33 o ¥ > & F& s 8 ¢ g & < 4
8 2&, 2¢ & == LE§ e = 2T 3-76 5§
Ey S 3% 3¢ 2% 2« Be 3¢ E‘% a gk
g~ ~ & g% g- gt "E 3% & 2 b
Year (Y) Ju 1 14.25™ 3.84™ 0.02™ 6830 370  1.707 1.01™  0.24™ 248" 245" 32"
Block < - o o x o o o x e
O(CB) * 4 308 150" 049 136"  2033" 65607 480 4307 49508” 24430 3108
Stress s - - . - . . - . - -
) 3 1685 3471 17.20** 20203 896 849 168 167 370078™  40651.0 1627
YxS 3 82.88" 1417 0.04** 134™ 21.20" 26607 10.30™ 1450 14393  1913.07 12577
kel sl 12 2.81" 6.67 0.02 25.6™ 3.90 1.14 1.72 0.07 144 26.7 115
Main Error
e 8 2138* 1617 256™  2396"  69.30" 657 15307 53.90" 12974™ 174007 434"
Landrace (L)
LxS 24 63.63 4350  0.167 648" 11.40™  27.10" 20" 5497 8612 124507 9460
LxY 8 39550 15607  0.137 248" 13.10™  14.10" 913" 370" 3054 506.0"  85.20™
LxYxS 24 58.71 17.707  0.1677 187" 272" 13407 9.08" 2697 30717 521.0"  64.20”
SUb';; jf"“ 128 2 2.60 0.03 5.04 1.66 0.32 2.40 0.23 113 11.7 8.17
CV (%) 21 6.9 7.0 115 78 10.4 10.4 5.3 11.0 10.5 9.2

oy g 5 S5 Jlain! pdaws )3 45 e g )5 xe puf (glime 4 S S ¥ 4** NS
ns, ** and * means not significant and significant at probability level of 1 and 5 percent, respectively.

Siddiqui et ) ol lis @oles (Suid byl cod Cao oyl
0,8 slug) slacws; g9y g &S (6,500 adlllas > (al., 2015
el s oYL (Siusen i plool (Phaseolus coccineus)
(Naseh Ghafoori et al., 2012) i saalin 6,5ke Job 5 455
3 5t Jgl Jbo b aalie 5 (ialef] o3 Sl 3 0,85ks Jsbo
o s pod Jlas o sy (g ) 4 ]y o U g
M G (T s lalS A8y adsl slaols ) puiey Sk
w5 Bl gey &S ldie &S i 4> (Faraji, 2014)
oS Jlo yd woly pbsl ey Jho dw > alldis slacpY g9y
g1 g5 (il cage i oy (S 0l g bawgie A5 L
3 ey Oyg0 (AYY g A) Tristar 5 (Z¥Y 4 V0) Amber Y )
9 oS slayles ) by Jlo 3 13,5 aald les b avslis
Pavlista and ) assls L oLS glasl o Jolas jiis pae
Hles allliss oS (69) o (SiS 5wy > (Santra, 2016

G 3155 o LS (clo oo 43, talS b (Sid i
(Aryafar et al., 2013) 355 i cov lals gl ials
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Mafakheri et al., ) 15,5 aald jle b duglio j3 owyp D90
(Vicia faba) MLy 5435 03 (59 yu &S (slaalllas 15 .(2010
Loais] 9 4 odalio Jals jlag )3 olS £l (p yidi A5 plos]
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o (Farokhinia et al., 2011) (Carthamus tinctorius) 15
9 b glaiyl o yieS ol plsl (Shaban et al., 2012) >459
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50 ewioST pw pd b odalie (0V/R) julis 5 (AVe+) oo
Sl Bl pliol cogsl it (ohj cud )b aop Ve (45
S 7 S G 53 ) S {F L) 55 g
g b Cunl baojlud i 13 (ogada (aug) 45 Sl Glals
Job ptalejl pgd Jlus o 0y shsl glaole iy Sk &
saalie inlafl Jol Jlo & coss Jlo nl 3 5V (il 0303
g2 )3 (Sl L sl op ey AT pas lod )3 () Joi) 43
By b b yplis e8] 25 Hlis ST 4 by
P lyass Sle asli dliw gla)l Lili8l sloas 9 540 osnles
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YL, o515 olgge hind s 5 gt G55 5 280 o
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oS ol o9 29900l Uy e 4y il loasls Job ials
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Table 3- Main effect of growth season phenologic, morphologic and yield and yield components of Fenugreek

— Fe £ g -
z ¢, 2 2 ctk 3 3 58 & 0 T
S W = = S s & ¥ 8 P @ 2 .
g’g i 3 . :'!"}“ a f S e S g & & Q e, Se %{
shidw 28E 3% 2w gv g f 8% S 85 8fF <& &g
2o a S, g 2 % =& 56 0Yv o= @ v 5 ¢
Growth SS9 3% 872 2 3% 9 ¢ &¢& =% s L = 3
sesason Z &< Q< §§ 2 o S ¢ 2 N o 2¢C = . = 9) c&
Sz = > 2% B« 2§ -E =2° @ 3 = &
s k. g g S o 3 S E) = 5
= ~ 3 Ot % o <
= = =1 o
Qf- Yy
78.63a 23.52a 2.21b 13.33a 16.38b 4.91b 10.50a 9.04b 82.25b 28.04b 35.05a
2014-15
45-1¥20
2016-17 71.13b 23.43a 2.31a 24.57b 17.16a  6.04a  7.55b 9.35a  113.35a 35.05a 27.54b

Wb oo duoyd gy Jlein] alaw (o (Sl (glasaly wi ygo3l olsl o Loy puSilie Coglis )3y cime OIS 39y pie odid ylis S yidie g > ygiw y 4
Means followed by similar letters in each column are not significantly different at 5% probability level, using Dancan’s multiple rang
test.
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Table 4- Mean comparison of mean interactions of drought stress and ecotype on growth characteristics, yield components
and yield of fenugreek during 2014 and 2016

.. ol W . . . . 5 Slos )
N W R ghasls b W WP N 0l gy T O
O PR Saww,  Plant Inti - d 1. Branches la SWe e > &l Biological Cwild

i nternoae XN R+ «de i Seed
Stress Lanrace Day to height length (cm) " * length (cm) Podsper  Seeds 1000 seeds yleltrl2 od Harvest
maturity (€M) Height of first 9 plant  perpod weight(g) (©M%) YIEIC  (%)index
pod (cm) (g.m?)
Holis (N) 100a 35.7b 2.65fg 25.20a 75.26a 13.70b 9.53ck 7.74kn 234.86b 51.54de 21.55hj
Shi
‘(‘5)‘4)3 79.3d 40.5a 2.88cf 21.90bc 66.6a 17.40a  11.80ag 12.90ab 336a 127.84a  37.95ad
(S5

Sguio (M) 77.2de 35.1b 3.07cd 24.20a 49.53b 9.72de 14.30ab 10.60df 274.51b 94.77b 34.47af
80 2 (M) 77de 39.6a 3.15bc 24.80a 29.6eg 7.37eh 14.90a 12.80ab 260.78b 79.45¢ 31.08dh
FC s (R) 93.7hc 24.2fj 2.12jm 17.20fj 67.8a 16.50a  10.70bi 6.81mo 257.43b 78.41c 29.65di
okl (1) 75.2dg 29.5¢ 2.92cf 19.60de 27eh 6.55fi 8.77fk 8.53il 99.89%g 30.61fj 30.90dh

Shea (H) 76.2df 33.7b 3.62a 23.40ab 20.7gi 5.48hj 12.90ad 12cb 134.05de  46.31df 34.55af

Slwsyl (A) - 70.3dh 29.0cd 3.40ab 18.60eg 33.7df 12.40bc  11.50ag 9.91eh 153.24cd 55.87d 37.35ae
31ya (Shr) 77de 29.5¢ 2.90cf 2lcd 36.4ce 8.25df  12.80ae 9.12gj 175.36¢ 55.86d 32.18bg

s9kis (N) 101.3ab 22.0ij 1.733np 19.50de 47.1bc 8.03dg 7.95gk 7.90jm 116.14de 29.42gj 25.32fj
ayes(Shi)  72.7dh 28.3ce 2.48gh 19.20df 11.1ik 4.87hk 10.10cj 11.90ch 84.86fg 36.67eh 43.35a

Sguio (M) 71.7dh 27.0cg 2.20hk 19.70de 10.ik 4.67ik 12.57af 13ab 79.72fg 30.31fj 38.37ad

. 5 (T) 70.7dh 27.7cf 2.67df 15.50hl 9.83ik 4.57il 9.53ck 13.60a 94.35eh 35.95fh 37.33ae
/F? 9, (R) 90.7¢ 26.3ch 1.77np 15.30hl 42.7hbd 10.25cd  12.70ae 8.08jm 120.43de  39.28eg  32.28bg
Sl (1) 71dh 22.4i 2.43gi 15.90hl 11.8ik 4.38im 9.68ck 10.4dg 73.79fg 24.54qj 33.67af

Sea (H) 70.3dh 28.0ce 2.95ce 18.90df 13.4ik 4.93hk 8.23gk 11.40cd 74.33fg 27.80gj 37.53ae

Sl (A) 67.3fh 25.7dh 2.80df 171j 16.4hg 5.75¢j 9.78ck 11.10ce 91.39%h 34.94fi 38.25ad

51y (Shr) 72.5dh 24.2fj 2.42gi 17.60eh 21.7fi 4.54il 13.02ac 9.81eh 98.20eg 32.72fj 33.33af

el (N) 94.5bc 17.3Im 1.55pq 14.20kn 36.2ce 5.80gj 7.83hk 6.91mo 89.99eh 16.92j1 20.78hj
Oloss(Shi)  71.0dh 23.60j 2.08jm 17.60ei 6.83jk 3.23jo 9.08dk 10.80ce 75.52fg 26.02gj 34.92af

Ao (M) 70.2dh 22.0i 2jm 17.10fj 8.38ik 3.35j0 7.98gk 10.10dh 54.58¢i 16.83j1 29.97di

4 35 (T) 69.3eh 21.0jk 2.20hk 15.20il 5.98jk 3.22jo 8.92ek 8.80hk 55.53gi 16.09j1 29.25dj
/F(S 39, (R) 88.2¢c 16.4In 1.83mp 12.90mp 8.61ik 4.23in 9.13ck 7.88jm 52.92gi 20.58hl 39.83a
okl (1) 67.8eh 20.9jk 2.08jm 14.30kn 8.59ik 3.37jo 8.47gk 9.54fi 52.60gi 21.60hk 42.83a

Shea (H) 68eh 24.9di 2.30hj 17.50ei Ok 2.75ko 8.50gk 10.60df 49.79hi 17.47j1 35.10af

syl (A) 65.5h 22.0i 2.20hk 15.20il 5.41jk 3.17jo 11.58ah 9.94eh 48.31hi 18.28il 39.75ab

51y (Shr) 70dh 22.7hj 2.15il 16.30gk 10.5ik 3.68jo 10.47ci 7.50In 60.68gi 20.03hl 34.05af

ol (N) 79.3d 9.5q 1.12r 11.10pr Ok 2.02lo 6.05KkI1 4.66p 21.17hi 3.851 19.07j

Ol s3(Shi) 66.7th 15.6lo 1.87lo 13.70lo 0Ok 1.420 6.42j1 7.240 25.62hi 4.641 19.40ij

Spedeo 7. 15.0lo 1.72n| 12.80m)| 0l 1.030 7.37i 7.75kn 22.28hi 4.35] 1.07

M) 67.3fh ol p 0mp k 3 il ki 2.28hi | 21.07hj

X 2 (T) 65.3h 15.20l 1.580p 12.60nq 0Ok 1.65n0 3.80kI 7.52In 27.21hi 4.191 21.77gj
{:2(_? 39, (R) 72.3dh 11.2pq 1.28qr 9.18r 0Ok 1.80mo 6.47jl 6.52no 23.57hi 6.30kI1 27.42dj
ool (1) 64.8h 14.2mp 1.70np 11.500q 1.22k 1.82mo 7.45il 6.48no 25.04hi 7.09k1 26.82¢j

Shea (H) 66.0gh 18.1kI 2jm 14.90jm 0Ok 1.300 6.85il 7.56In 26.32hi 4.99kI 18.92j

Ol (A) 63.5h 13.2np 1.90km 11.900q 0Ok 1.77mo 9.80ck 6.89mo 17.45hi 5.46k| 30.67dh

Jys (Shr)  65.8gh  12.80q 1.53pq 10.40qr 0k 1.380 6kl 6.080 18.14hi 3.541 24.33fj

N, Shi, M, Gilisee Cgpn i e .2l o o> gy Jloin] gdaw 1> Sl (glaials iz 9051 oliolyy I sime BB piae (gorimd )l ygims yb 13 S jidio g y>
b o i g ol e ¢y loduol cpdgy (s oo ¢l i el segr (slaodgs (gosmalis sy T, R, I, H, A, Shr
Means followed by similar letters in each column are not significantly different at 5% probability level, using Dancan’s Multiple
Rang Test. Letters N, Shi, M, T, R, I, H, A, Shr refer to Neyshabur, Shirvan, Mashhad, Tabriz, Roudsar, Isfahan, Hamadan, Ardestan
and Shiraz landraces, respectively.
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Table 5- Correlation coefficients of the studied traits of Fenugreek ecotypes under drought stress

ay

@ o b} -

1t e af 3T 38 35 3% 5% .. 4% 33
28 3% 32 g5fg FF $E. 2d3 JF JE %z A
2f Y: Fe 13TE o9z 9%E 15y RF e xE xi
Y T2 Bg 427 i% € 2ET 45 6 F2 3§
g g %3 32 ’e§ 9 2 S da I3
(A) (B) © (D) (B) (F (©) (H) (M o) (K)

A 1

B 0.249” 1

C -0.049™ 0.770" 1

D 058" 05637 0.369" 1

E 0255~ 0867 07727 0584" 1

F 04917 0603" 04577 0910™ 0562 1

G 0.234™ 0423" 03797 0162° 0.406™  0.152" 1

H -0.138" 0.672” 0.653” 0.116™ 0.608™ 0.2217  0.322" 1

I 0.384" 07157 05547 08807 07217 0.869”  0.345"  0.356" 1

J 02707 07317 05897 0792 0698  0.848™  0.4117 04587 0957 1

K 0022® 03217 03277 0.008" 02417 0.169° 05077 05137  0.114™  0.307" 1

Loyd gy 5 S sk 3 e 5 e pf G

#  ## NS
‘

*, **: Significant at 0.05 and 0.01 probability levels, respectively; ns: means non-significant

Rescaled Distance Cluster Combine
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Figure 1- Dendrograms derived from grouping of nine Fenugreek ecotypes based on yield under normal conditions and
drought stress using Ward method
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Table 6- Amounts of initial eigenvalue and cumulative contributions of morphological and yield indices under normal and
drought stress conditions in 9 Fenugreek ecotypes

oSl yg i 2 51 ole s 2 51 JS
After rotation varimax Befor rotation factor
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o329 Jl3y jlake 5 sl e o o329 )3y Jlake 2oy R . ’
Bele 3/ ordlly 2os2 Cum;JIaLt’i‘\je“\)/:rianf:e sl owb,yly C Lfle
Factors iti Variance%t iti - umulative
ei I:r:t;gllue ’ percentage ei Ienr:t;gllue Variance variance
g g percentage
1 36.67 36.67 58.85 58.85 9.42
2 66.41 29.74 79.99 21.14 3.38
3 93.48 27.07 93.48 13.49 2.16
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Table 7- Factor matrix of the studied traits on Fenugreek ecotypes under normal and drought stress conditions

Olhw Jol Jele 093 Jole egw Jols

First factor Second factor  Third factor
oLS ¢ls,l Plant height 0.954 0.087 -0.246
0,5ke Job The length of Internode 0.573 -0.442 -0.607
b 45ls Job Lateral branch length -0.441 0.494 0.735
Sy b 59, Days to maturity 0.981 -0.044 0.057
b S5 BMe gl el Height of first pod -0.139 0.832 0.471
kol M sl Number of mean pods -0.606 0.678 0.269
Y 3 4l slass Number of seeds per pod 0.128 -0.164 -0.775
gy 4l slis Number of seeds per plant -0.386 0.019 0.890
by ,l5a 55 1000 seeds weight 0.827 0.051 -0.542
S39am 5,Ses Biological yield 0.185 0.889 0.370
4l 3,Slee Seed yield 0.294 0.917 -0.250
cuby Lasls Harvest index -0.085 0.043 -0.971

Mibge Jole o > Glas (o Sk odimd il 0l S5y 4 dlas!
Bold numbers represent the most important factor in each agent
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Introduction

Potato (Solanum tuberosum L.) is an annual and autotetraploid plant of the Solanaceae family that uses its
underground tuber. In 2019, among West Asian countries, Turkey and Azerbaijan had a higher level of potato
cultivation than Iran. Nitrogen consumption management in potato cultivation is one of the factors affecting the
quantitative and qualitative characteristics of the tuber yield produced. Some researchers consider potato yield it
consists of three components the number of stems per square meter, the number of tubers per stem, and the
weight of tubers per plant. One of the problems with the overuse of nitrogen fertilizers is the accumulation of
nitrate in the tubers. The amount of nitrate allowed depends on the diet of the person. Some studies show that
from 93 mg per day of nitrate consumed per day for an adult, 33% to potatoes, 21% to green leafy vegetables,
15% to other vegetables, 8.5% to beverages, 4.2% to Meat products account for 2.1% to various grains, 1.6% to
bread and 5.1% to other items.

Materials and Methods

The present study conducted in 2018-2019 in Kabootarabad Agricultural Research Station of Isfahan. The
effect of N application and nitrogen splitting on the tuber yield and nitrate accumulation of potato tubers in this
study investigated. For this purpose, the split plots tested in a randomlzed complete block design with three
replications in which three nitrogen levels (90, 180 and 270 kg ha™) of the main plots and two nitrogen splitting
methods (three and four stages) formed the sub-plots. At harvest time, two meters of the middle rows of each
plot used to estimate the yield. Tubers with less than 35 mm in diameter considered non-marketable yield. To
measure tuber nitrate, the prepared samples placed in paper bags and sent to the laboratory of Soil and Water
Research Department of Isfahan Agricultural Research Center. After washing, the samples grated and after
drying in an oven (temperature 65 °C) and grinding in a shaker (shaker), the amount of nitrate determined by
spectrophotometry. All soil and plant tests performed in the laboratory. SAS software used to analyze the data
and Duncan's multiple range test (at 5% probability level) used to compare the means.

Results and Discussion

The effect of nitrogen interaction and its splitting on total yield and efficiency of nitrogen utilization at the
level of one per cent and on the characteristics of marketable yield, non-marketable yield, tuber nitrate, number
and weight of tubers at the level of five per cent was significant. With the consumption of 180 and 270 kg N ha™
by the four-step splitting method, the non- marketable yield was equal to 11.2 and 14.43% of the total tuber yield,
respectlvely With the consumptlon of 270 kg N ha™ and three stages of nitrogen splitting, the amount of nitrate
in the tuber reached 197 mg kg™ of fresh weight of the tuber. In both three- and four- stage nitrogen splitting
methods nitrogen application efficiency reduced to one third by consuming 270 kg N ha™ compared to 90 kg N
ha™ treatment. Therefore, the use of nitrogen fertilizers in excess of the recommended amounts can, in addition
to economic losses, be associated with a decrease in fertilizer use efficiency and an increase in tuber nitrate
beyond the allowable limit.
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Conclusion

The results showed that nitrogen splitting is a correct management approach when it recommended based on
the amount of nitrogen consumption (in this study 180 kg ha™). The use of excess nitrogen, even in splitting, not
only did not increase economic yield but in some treatments (three-stage splitting of 270 kg N ha™) was
associated with an increase in tuber nitrate beyond the allowable limit (170 mg kg™ tuber fresh weight). In the
amount of nitrogen application more than the recommended fertilizer, in both methods of nitrogen splitting, the
efficiency of fertilizer application decreased. So that in the treatment of 270 kg N ha™ compared to the treatment
of 90 kg N ha™, the efficiency of fertilizer application reached one third.

Keywords: Marketable yield, Nitrogen use efficiency, Tuber number, Tuber weight
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Figure 3- The effect of different levels of nitrogen and N split on potato tubes nitrate
In each N split method, the same letters are not statistically different (Duncan 5%)

il yo )laer g 4w Lo (29 93 y2 )3 (¥ JS3) 292 (59 5
PSS VYo Bpman Jlass 13 (g Syman (2lLS (09t
4o LS 53 039 A5 okS A lo 4 S SIS 53 ()39
) i cage e (BLAl )9y S pae il bl poucSy
SLaSk 3 olS cpl cusS Lo 4 4 295 oo 0555l oo
ORI 55 (e slacT (Sagl slon ) S T

Pl ool o 5l & cul sl 595 Bpas LIS

U asS o S8 Lo ay 23 ls pl ool @jle & .l o]
G398 B 115l (glase dn b oad 0 Sles gl drgte
oMibdpogi G slowi ) jer Bpas o)l .l odelcunday
Sl po sloz g dw L (09) )3 (JiSe ) p)S5LS A4) (790
J)_a.a.o J._>19 P Lﬁl)b'—’ X P;?LS MARN 9 AN )J")_j w)m\;



VYO Ggdjlo oy (oo jioamw 00 Ol s jlado 5., Shos 1 (359 i 095 il g jlado 5T o Sol>

ool u)l)lf oLf d..\.w) dl>).o b L.,w)L...n 9 AW Jm.mm O Hgody
Bachmann-Pfabe ) uad o (yiuljél 1S aie @ )jgods |y bl ;|
.(and Dehmer, 2020

0.45 -

oS adine oy die 5y .(SoUza et al., 2020) b -

5 039 Cons B (raw slaady; (uily dhwlydy (dneju
319_a Q—.’.I le_: C)?.l)‘.’u’. 9 S ol S o )‘1 ]) (o= >|9a

(053,08 3957 0,79k y8as 0,75 085,08 Bysa LIS
Nitrogen use efficiency (kg yeld kg N1

0
Three-step splitting

b
0.15 b
0.10 A c E
0.05 -
0.00 . r . .
180 270

30 180 270
Four-step splitting

(ol 53 @, Tl B ym g 558
W application (kg ha'l)

R (35958 Span (o) 32 59505 Ll 9 (3590 Ao 3l p5U £ UK
(Ao p> gy (¥SSh) W)l &bl Cglds o Bgy b gy w4
Figure 4- The effect of different levels of nitrogen and N split on N use efficiency
In each N split method, the same letters are not statistically different (Duncan 5%)

e aS glagSa sl Lials 268 5l edlatwl o) «y59 58
PSS Ar sless 4 Cannd )8 53 ()9 i p)SokS TV B

&l 35 wlow

Dhis—el 5 Slains 35 50 il Al e piY 398 (Bains
e 9 )LSed e 4 pledeel (il (anb lie g (6j,9liS
izles (6l Rlew JimgR cnl Cax p3Y L]

References

S 35 4ol

37509y S Sloj gy banad 2 (L (gl nl @l

OFgr slide Bpae by p &5 398 0 Cgume me (Jpde
oxlawl (LS (o p)S9 LS VAL iagh cpl j0) AL cddduogs
OBl g Laias oad bl ©jgody (> (Sl (590
Slads o ds L) bajlows 51 Sy 00 &Sl wis (golasl 5 Slas
Al 18 eae s Gl L (LS 53 ()39 p)SshS YV
5ot 15 2SS 55 S 4 )5 s W) 331 e ne
b (59) 93 3 )3 48355 dvogs Jl S (os By pdlie

1. Ayyub, C. M., Wasim Haidar, M., Zulfigar, F., Abideen, Z., and Wright, S. R. 2019. Potato tuber yield and quality
in response to different nitrogen fertilizer application rates under two split doses in an irrigated sandy loam soil.
Journal of Plant Nutrition 42: 1850-1860. https://doi.org/10.1080/01904167.2019.1648669.

2. Bachmann-Pfabe, S., and Dehmer, K. J. 2020. Evaluation of wild potato germplasm for tuber starch content and
nitrogen utilization efficiency. Plants 9 (7): 833. https://doi.org/10.3390/plants9070833.

3. Bélanger, G., Walsh, J. R., Richards, J. E., Milburn, P. H., and Ziadi, N. 2001. Tuber growth and biomass
partitioning of two potato cultivars grown under different N fertilization rates with and without irrigation.
American Journal of Potato Research 78: 109-117. https://doi.org/10.1007/BF02874766.

4. Bero, N. J., Ruark, M. D., and Lowery, B. 2014. Controlled-release fertilizer effect on potato and groundwater
nitrogen in sandy soil. Agronomy Journal 106: 359-368. https://doi.org/10.2134/agronj2013.0331.


https://doi.org/10.1080/01904167.2019.1648669
https://doi.org/10.3390/plants9070833
https://doi.org/10.2134/agronj2013.0331

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21,

22,

23.

De la Morena, 1., Guillen, A., and Del Moral, L. F. G .1994. Yield development in potatoes as influenced by
cultivar and the timing and level of nitrogen fertilization. American Potato Journal 71: 165-173.
https://doi.org/10.1007/BF02849051.

FAO (Food and Agriculture Organization). 2019. FAOSTAT, Retrieved January 15, 2018. Available at:

http://faostat.fao.org/site/291/default.aspx. Accessed 19 Agu. 2019.

Green, L. C. Wagner, D. A., Glogowski, J., Skipper, P. L., Wishnok, J. S., and Tannenbaum, S. R. 1982. Analysis
of nitrate, nitrite, and [15N] nitrate in biological fluids. Analytical Biochemistry 126: 131-138.
https://doi.org/10.1016/0003-2697(82)90118-X.

Jalali, A. H., and Mousapour Gorji, A. 2021. The use of "stress memory" to improve drought stress tolerance in
potato. Iranian Journal of Field Crops Research 19: 61-71. (in Persian).

Jalali, A. H., and Bahrani, M. J. 2014. Effect of crop residue and nitrogen fertilizer on nitrogen use efficiency in
corn (Zea mays L.) production. Applied Field Crop Research 102:197-204. (in Persian).

Jalali, A. H., Hassanpanah, D., and Mousapour Gorji, A. 2020. Environmental stresses and their management in
potato production. Agricultural Research, Education and Extension Organization Seed and Plant Improvement
Institute, 214pp. (in Persian).

Jamshidi, A. M., Ahmadi, A., and Darvishi, B. 2015. Yield and quality of potato seed and edible tubers in response
to different phosphorus levels and nitrogen application times. Iranian Journal of Field Crop Science 45: 489-498.
(in Persian).

Jin, X., Hao, N., Jiao, F., Yang, Y., Wang, D., Xu, C., and Zhai, R. 2014. The effect of nitrogen supply on
potato yield, tuber size and pathogen resistance in Solanum tuberosum exposed to Phytophthora infestans.
African Journal of Agricultural Research 9: 2657-2663. https://doi.org/10.5897/AJAR2013.7550.

Hassanpanah, D., Kazemi, N., Mousapour Gorji, A., and Jalali, A. H. 2018. Comprehensive guide to modern
potato farming. Seed and Plant Breeding Research Institute, Knowledge Network Office and Promotional Media.
322 pp.

Kuisma, P. 2002. Efficiency of split nitrogen fertilization with adjusted irrigation on potato. Agricultural and Food
Science 11: 59-74. https://doi.org/10.23986/afsci.5713.

Muleta, H. D., and Aga, M. C. 2019. Role of nitrogen on potato production: a review. Journal of Plant Sciences 7:
36-42.

National Standard of Iran. 2013. Maximum levels for nitrate in agricultural product. Standard No. 16596. First

edition 11 Pp.
Naumann, M., Koch, M., Thiel, H., Gransee, A., and Pawelzik, E. 2020. The importance of nutrient management
for potato production part Il: Plant nutrition and tuber quality. Potato Research 63: 97-1109.

https://doi.org/10.1007/s11540-019-09431-2.

SAS Institute. 2016. SAS user s guide. SAS Inst., Cary, NC.

SCF (Scientific Committee on Food). 1997. Assessment of dietary intake of nitrates by the population in the
European Union, as a consequence of the consumption of vegetables, in Reports on tasks for scientific cooperation:
report of experts participating in Task 3.2.3, ed by European Commission, Brussels, p 34.

Souza, E. F., Soratto, R. P., Sandafia, P., Venterea, R. T., and Rosen, C. J. 2020. Split application of stabilized
ammonium nitrate improved potato yield and nitrogen-use efficiency with reduced application rate in tropical
sandy soils. Field Crops Research 254: 107847. https://doi.org/10.1016/j.fcr.2020.107847.

Venkatasalam, E. P., Bairwa, A., KL, D., Sudha, R., Mhatre, P. H., Govindakrishnan, P. M., and Singh, R. K.
2019. Effect of nitrogen sources on yield and yield components of potato (Solanum tuberosum) cultivars. Indian
Journal of Agricultural Sciences 89: 35-40.

Yadav, S. K., Singh, G. K., Jain, V. K., and Tiwari, A. 2017. Response of potato (Solanum tuberosum L.) cultivars
to different levels of nitrogen. International Journal of Current Microbiology and Applied Sciences 6: 2734-9.
Ysart, G., Miller, P., Barrett, G., Farrington, D., Lawrance, P., and Harrison, N. 1999. Dietary exposures to nitrate
in the UK. Food Additives and Contaminants 16: 521-532. https://doi.org/10.1080/026520399283669.


http://faostat.fao.org/site/291/default.aspx
https://doi.org/10.1016/0003-2697(82)90118-X
https://doi.org/10.5897/AJAR2013.7550
https://doi.org/10.23986/afsci.5713
https://doi.org/10.1016/j.fcr.2020.107847
https://doi.org/10.1080/026520399283669

Iranian Journal of Field Crops Research
Homepage: https://jcesc.um.ac.ir R

Research Article
B Vol. 20, No. 2, Summer 2022, p. 147-162

Improving Yield, Yield Components and the Absorption of Nutrients of Wheat
by Growth Stimulants under Normal Irrigation and Drought Stress

M. Rajaie’”

. . How to cite this article:

Rece.'VEd' 01-09-2021 Rajaie, M. 2022. Improving Yield, Yield Components and the Absorption of Nutrients of
Revised: 03-02-2022 Wheat by Growth Stimulants under Normal Irrigation and Drought Stress. Iranian Journal
Accepted: 09-02-2022 of Field Crops Research 20 (2): 147-162. (in Persian with English abstract). DOI:
10.22067/jcesc.2022.72226.1083.

Introduction

Drought stress is one of the most important factors in reducing crop production in many arid and semi-arid
regions of the world. In recent years, the use of growth stimulants to prevent the excessive use of chemical
fertilizers and induce tolerance to environmental stresses has increased in order to achieve the goals of
sustainable agriculture. Unlike chemical fertilizers, these compounds with the least adverse environmental
effects are involved in increasing crop yields and conserving natural resources. The use of growth stimulants is
one of the promising ways to overcome drought stress. Based on reports expressing the positive effects of
growth stimulants drought tolerance, the present study was designed to investigate the moderating effect of
growth stimulants at different irrigation intervals on improving yield, yield components and nutrient
concentration in wheat.

Materials and Methods

The experiment was performed as a split plot based on randomized complete block design with three
replications. This research was conducted during the growing seasons of 2017-2018 and 2018-2019 in Fars
Agricultural and Natural Resources Research Center (Darab Agricultural Research station). The main factor
includes different irrigation intervals at two levels (irrigation after 70 and 140 mm of cumulative evaporation
from Class A evaporation pan) and the secondary factor includes the use of growth stimulants at seven levels
(control, soil application of humic acid, foliar spray of amino acids, fulvic acids and seaweed extract, seed
inoculation of Azotobacter and the combination of growth stimulants). The amount of irrigation water required
in irrigation treatments was determined based on soil moisture supply at the depth of root development to reach
the field capacity. Soil moisture was measured by weight method and through soil sampling in the middle of
each plot to determine the evacuated moisture after reaching the desired cumulative evaporation. Foliar
application of amino acids, fulvic acids and seaweed extract was performed at the concentration of 5 kg m~of
water in two stages of tillering and complete emergence of spike. Humic acid fertilizer at a rate of 5 kg.ha™ was
applied in the early stages of growth with the second irrigation. Seed Azotobacter inoculum was used at a rate of
1.5%. Finally, the concentration of nutrients in straw and grain, straw and grain dry weight, biological yield,
harvest index and yield components were measured. Analysis of data variances was performed using SAS
software version 9.1. Bartlett test was performed on all studied traits.

Results and Discussion

The results showed that the highest concentration of macro and micro nutrients in grain and straw were
obtained in the combined treatment of growth stimulants. After this treatment, a significant increase in the
concentration of nutrients was observed in the individual consumption of growth stimulants. Combination
treatment of growth stimulants increased wheat biological yield by 18% compared to the control. Also, at a
lower level, individual application of growth stimulants improved the biological yield compared to the control.
The combination of growth stimulants and subsequently the individual application of these compounds improved
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the yield components of wheat. In the first and second year, irrigation after 140 mm of cumulative evaporation
reduced the biological yield by 14 and 25% compared to 70 mm of cumulative evaporation, respectively. Also,
irrigation after 140 mm of cumulative evaporation reduced the dry weight of straw, grain yield and harvest index
compared to 70 mm of cumulative evaporation. In general, the results showed that the uptake of some nutrients
was affected by the 140 mm cumulative evaporation treatment from the evaporation pan. However, in the second
year of planting, due to the presence of frequent rains before flowering, the treatment of 140 mm of cumulative
evaporation from the evaporation pan had less effect on nutrient uptake.

Conclusion

Overall, the use of a combination of growth stimulants was effective in increasing grain yield, biological
yield and yield components of wheat. The results of this study showed that the growth stimulants to some extent
caused drought tolerance by improving nutrients uptake. Therefore, the combination of growth stimulants in both
normal irrigation and drought stress conditions can be used to improve nutrient uptake and wheat grain yield.

Keywords: Azotobacter, Grain yield, Humic acid, Seaweed extract
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Table 1- The soil physical and chemical analysis

. Colad R PR
Jlw & Gl sl S ] N P K Mn Fe Cu 2n
Year Depth Texture EC pH 0.C TV
(cm) (ds m-) (%) (mg kg™)
12(3%)7 i 0-30 Loam 1.05 8.3 055 32 0.9 12 165 98 86 087 097
22(3%;3 030 Loam 0.9 8.1 061 30 006 102 182 76 47 10 12
winlol el Jlw 93 53 (Sl g gyl Jlado =Y Jooo
Table 2- The amount of irrigation water and precipitation in two years of the experiment.
i I U5 pxe
255) 6 el Joolgh o . .
e PRI Sl ol e (SS9 e oy
Jw o Nur;ber of Irrigation water  Precipitation Total
Year Irrigation regimes Numpet amount amount amount of
(Cumulative Irrigation (m? ha')) (m? hal) consumed
evaporation) water
(m® ha)
70 8 6559 844 7403
1 (2017-2018)
140 5 5241 844 6085
2 (2018-2019) 70 5 4379 2750 7129
140 3 2983 2750 5733
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Figure 1- Rainfall conditions for seasonal patterns from November to May 2017-2018 and 2018-2019
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Table 4- Effect of growth stimulants on straw N, straw Mn, grain Mn, straw Zn and grain Zn in Wheat.

PELIRS I PELE ) s s 905 (9, |
iy SBS e Lils ey aild e LAl Ll (69,
? . Grain Mn Grain Zn
Growth stimulants Straw N Straw Mn Straw Zn
% mg kg
Al 120¢ 24 a2 136 d 30.9 d
Control
sial sl 1.48 b 26¢ 45 be 145d 348¢
Amino Acid
Saogeh ] 121¢ 28 ab 48 ab 155bc 363 bc
Humic Acid
g Sl 1.35 be 25¢ 44 be 16.2bc 35.8¢
Fulvic Acid
by Sl ojlas 1.28 ¢ 27 abc 45 b 16.4 b 39.0ab
Seaweed Extract
L) 1.33 be %5 ¢ 43bc 151bcd  353c
Azotobacter
) SlacS e Gl 163a 292 51a 184 a 409a

Combination of growth Stimulants

)15 oy gy sl gdaws 53 5551 (9051 b (65 cime M g o 5D S jdie gy gyl ola 1 Sibio
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 5- Mean comparison of year and irrigation intervals on straw N, grain N, straw K, grain K, straw Zn and grain Zn in
Wheat
5u3) el Jolgh e e O59rw .
) Syl ”.Jm B el e O35 ol ity — e s
JLM’ (M e aild Ay ) G WK ‘J"S"t 9 2‘59) Grai ks;)
Year Irrigation intervals o0 Grain o~ Kk rain raw zn rain zn
(Cumulative N
evaporation) % mg kg
70 161a 2.28a 28la 0.544 a 15.8a 39.7a
1(2017-2018) 140 0.91b 1.82b 250 b 0.431b 15.3a 37.8a
70 152 a 2.29a 247a 0.511a 17.0a 35.6a
2 (2018-2019) 140 1.37a 2.00b 2.36 a 0.477 a 14.8 b 31.4b

5,05 o> gy Jlesnl a3 5SSl yg0j] 53 LS. MEANS wg, b (gl sime B! gylol Juolsd ya g cygia yb )3 S jitie gy (clyls olapSSlee
Means slicing by irrigation intervals in each year followed by the same letters have no significant difference on the basis of L.S. Means
by Duncan test procedure.
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Table 6- Comparison of mean for the interaction of year and growth stimulants on grain N, straw P, straw Fe,
grain Fe, straw Cu and grain Cu in Wheat

| QDGM 91:5&&1 . i 55‘50‘“" |
Q1D 459 yod RS EY R
(" a5 s QI . . N OB . o
J I . - Grain N © o Grain Fe Grain Cu
Year Growth stimulants Straw P Straw Fe Straw Cu
% mg kg
aald 152b 0.025a 132¢ 55¢ 20b 4.3d
Control
“_’"“‘ '\’“‘_ 2.18a 0.025a 145b 55 ¢ 2.3ab 51c
Amino Acid
Ssogen Al
: . 2.06 a 0.025a 149b 56 bc 25ab 53¢
Humic Acid
1 S5t 2234 0.021a 166 a 64a 25ab 6.5
(2017)- Fulvic Acid
2018 .
b S ojlas 210a 0.025a 142 be 59b 2.5ab 53¢
Seaweed Extract
7L 2.03a 0.025a 141 be 56 bc 28a 5.8¢c
Azotobacter
A5y oS e 344l
Combination of 2.25a 0.023 a 166 a 65 a 28a 7.3a
growth Stimulants
Jals
1.90c 0.093b 122 b 54 ¢ 27b 5.7a
Control
ol 2l 2.18b 0.093 b 122b 55 ¢ 2.9ab 56a
Amino Acid
Sengsd
: ) 2.08 be 0.121 ab 129b 56 bc 3.0ab 59a
Humic Acid
2 &J’B '\“I 2.00 be 0.098 b 130 b 66 a 3.0ab 5.6a
(2018- Fulvic Acid
2019) \
b S ojlas 2.14 bc 0.101b 134 b 59b 3.0ab 6.0a
Seaweed Extract
7St 2.13 bc 0.095b 123 b 57 bc 25b 53a
Azotobacter
2y (S8 o el
Combination of 257a 0.130a 151a 67 a 33a 6.2a

growth Stimulants

sy gy Jlazs s )3 S0l g5l 0 LS. MeANS g, b (s o sine M (g el Juolgd yo g (gt 2 13 S jide By o sl loSlie

)l

Means slicing by irrigation intervals in each year followed by the same letters have no significant difference on the basis
of L.S. Means by Duncan test procedure.
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Table 7- Analysis of variance for the effects of irrigation intervals and growth stimulants on yield characteristics of Wheat
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= el‘f ; 33! oA - e sl ’ Number of  Thousand
Source of Variation uf Straw Grain Biological ~ Harvest Spikes rain per seed
' weight yield yield index number grainp .
spike weight
Block ,1,s5 2 ns ns ** ns ns o ns
Lﬁ)L.“:.’" J‘o‘ﬁs 1 *% Kk *% * *% ns *%k
Irrigation intervals (li)
‘S’L’*‘x’l_’ﬁ 2 734995 310282 134190 13.2 103.6 0.103 4.5
Block x li (E,)
'\“3) J)’“’ 6 ns * *% ns *k * *x
Growth stimulants (Gs)
) ‘S)’i"xd)u Jelsh 6 ns ns ns ns ns ns ns
li x Gs
8y S )5S 24 3139102 835848 2064510 33.7 756.3 19.8 13.2
Block x Gs (Ep)
YearJL» 1 ** ** ns ** ** ns ns
JL"Xlﬁ)L‘-‘-”‘ J‘o‘ﬁ 1 *k *k *k * *k ns Kk
li X Year
JL”XLS’L‘J‘_‘ Jolpbe 3 4 782165 108672 816204 6.2 442.2 55.7 4.7
Block x li x Year (E.)
Jloxady S one 6 ns ns ns ns ns ns ns
Gs x Year
Juoxas) S paxislel Jolp 6 ns ns ns ns ns ns ns
li x Gs x Year
Erroris 24 3257124 551192 2563780 28.38 1077 10.9 8.16
C.V. (%) ¢lpss oo - 14.8 10.2 8.2 14.3 6.7 7.4 7.4

Db gxe pis g lo)d S g i Jlein! e )0 I bzl 4 NS g e i
#% % and ns is significant at the 5 and 1 percent probability level, respectively and non-significant
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Table 8- Mean comparison of year and irrigation intervals on straw weight, grain yield, biological yield, harvest index, spikes
number and thousand seed weight in Wheat

R Co 9t i 2 Sles 5 Slos oW o
Jlw (o5 pes) )kl Joolsd s S ooy s 3155 &Iy L4152 539
Year Irrigation intervals o ] FIT I : Spikes number Thousand
(Cumulative evaporation) ~ Straw Grain  Biological ~ Harvest P seed weight
weight yield yield index
kg ha kg ha kg ha' YA number per m? g
1(2017- 70 12250 a 8854 a 21104 a 42.1a 505 a 406 a
2018) 140 11195 b 7010 b 18206 b 38.8b 495 a 36.3b
2 (2018- 70 14082 a 7883 a 21966 a 359a 527 a 42.8 a
2019) 140 11191 b 5223 b 16414 b 319a 426 b 34.0b

5,105 s> gy Jlessl a3 Sl yg0j] ,3 LS. MEANS wg) b (gl sime B3] g lol Juolsd 1o 5 ygia yb p3 S yitie gy clyls ool
Means slicing by irrigation intervals in each year followed by the same letters have no significant difference on the basis of L.S. Means
by Duncan test procedure.
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Table 9- Effect of growth stimulants on seed weight, biological yield, spikes number, number of seed per spike and
thousand seed weight in Wheat

5. slass BLEH L IKEY] BEEIRST)
W) EBS e &l 3,50os Saielen KR b ail>
Growth stimulants Grain yield Biological ~ Spikes Number of Thousand
yield number grain per se_ed
spike weight
1 1 number
kg ha kg ha per m’ 9
aals 6520 b 17700 c 454 ¢ 416b 36.0b
Control
‘L;_*'A‘ ,\,,.,l_ 7329 ab 19727 ab 493 ab 44,0 ab 38.2ab
Amino Acid
Saogud duuwl
’ . 7215 ab 19302 b 490 ab 44.8 ab 38.5ab
Humic Acid
Sgd il
A . 7299 ab 19122 b 489 ab 44.9 ab 38.8 ab
Fulvic Acid
b Seb o)l 7248 ab 19232b  495ab 445 ab 38.5 ab
Seaweed Extract
7Sk 7312 ab 19994 ab 486 b 44.9 ab 375b
Azotobacter
) S e Gl 7773 a 20879 a 512 a 473 a 414 a

Combination of growth Stimulants

)05 2oy iy Jlein] a3 (Sl 9051 b (oI5 ixe U] g ya 1 S jiidie gy glly ol pSile
Means followed by the same letters in each column are not significantly different by Duncan test at 5% probability level.
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Introduction

One vital area of research about medicinal plants is to study the different environmental conditions affecting
the quality of these plants. Also in the research of medicinal plants, it is necessary to investigate and find the
optimal conditions to produce the plants with the highest possible yield. Knowing the proper planting date of
medicinal plants for each region can be effective in increasing the yield. Cultivation date is one of the main
factors in determining the yield of black seed. Accordingly, in different regions, different times have been
suggested for the cultivation of this plant. On the other hand, due to the environmental problems caused by the
use of chemical fertilizers, the use of organic fertilizers can be used as a solution to increase the yield of
medicinal plants. Therefore, vermicomposting can increase yield by improving the condition of the soil bed.

Materials and Methods

The factorial experiment was conducted in the form of a randomized complete block design with three
replications in the field of Fasa in 2021. The first factor includes six planting dates (3 February, 19 February, 5
March, 21 March, 4 April and 21 April) and the second factor includes vermicomposting at three levels (control,
no fertilizer and vermicomposting 5 and 10 tons Per hectare). The Vertebrate application of vermicomposting
was used. At the end of the growth period, nutrient concentrations, physiological traits and grain yield and yield
components were measured.

Results and Discussion

The results showed that acceleration or delay in planting reduced the uptake of nitrogen and phosphorus in
black seed. Delay in planting may have reduced nitrogen and phosphorus uptake by reducing root growth and
nutrient uptake. Also, the highest nitrogen and phosphorus uptake of leaves was observed in the use of 5 and 10
tons of vermicompost fertilizer. At different planting dates, the use of vermicompost reduced ion leakage and
increased the relative leaf water content and chlorophyll content. Consumption of vermicompost due to
improved absorption of nutrients such as nitrogen has led to more synthesis of photosynthetic pigments.
Therefore, considering the key role of elements such as nitrogen in the structure of chlorophyll, it seems that the
supply of this element is the main reason for the increase in leaf chlorophyll in this study. Also, 10 tons of
vermicompost increased the grain yield on planting dates of 19 February and 5 March by 13.2% and 17.8%,
respectively, compared to the control. Production of higher yield at the vermicompost level compared to the
control is due to the absorption of more nutrients as well as the improvement of photosynthetic pigments and the
relative content of leaf water. Early sowing on 3 February and delay in sowing on 4 April and 21 April caused a
significant decrease in harvest index and 1000-seed weight.
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Conclusion

Late planting shortens the vegetative growth period, the plant enters the reproductive stage earlier and the
plant is faced with a lack of photosynthetic resources. Also, the grain filling period is faced with drought stress
and heat at the end of the season, and this end stress on grain weight causes a severe reduction in yield. On the
other hand, vermicompost has been able to provide the plant with nutrients in an acceptable amount and has the
right conditions for growth and increase yield. Therefore, vermicompost has increased the growth of black seed
by providing a suitable growth environment. In total, the planting date is 19 February to 21 March and the use of
vermicompost fertilizer 10 tons per hectare for planting black seed is recommended. Therefore, the use of
vermicompost to increase the production of seed yield in Nigella sativa can be an interesting perspective in the
production of this plant for industrial and pharmaceutical applications.
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Table 5- Mean comparison of interactions of planting dates and vermicompost for leaf nitrogen, leaf
phosphorus and relative water content of Nigella sativa L.

S g, CuwgnoS (959 Sy 09 S 2 yhond Sy Ol o Glgimo
Planting date Vermicomlpost Leaf nitrogen Leaf phosphorous RwWC
(ton.ha™) (%) (%) (%)
e 0 1.29 ef 0.182 gh 59.53 ij
ook 5 1.63cd 0.209 ef 63.63 fgh
3 February 10 2.10b 0.221 de 63.66 fgh
o 0 1.53 de 0.199 of 62.30 ghi
5 214D 0.238 bed 67.80 a-d
19 February 10 2582 0.246 ab 70.13 ab
s 0 1.46 def 0.205 ef 64.66 efg
5 2.13b 0.240 abc 66.86 cde
5 March 10 258a 0.258 a 70.73a
. 0 1.31 def 0.205 ef 61.33 hij
2958 5 2.10b 0.233 bed 66.46 def
21 March 10 251a 0.245 ab 70.56 a
. 0 1.37 def 0.199 of 59.70 ij
(2292 10 5 1.88 be 0.223 cde 67.46 a-d
4 April 10 219b 0.240 abc 69.73 abc
T 0 T14f 0.173h 58.96 |
Syl 5 1.45 def 0.205 ef 62.00 ghi
21 April 10 1.85 be 0.220 de 66.60 de

)5 2> gy el gaw 3 5S35 03l ol 300K b (gl sine B! gt b 53 S e g sl olacpSibe
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 6. Mean comparison of planting dates for studied traits of Nigella sativa L.

a b b Jud 3 W s . R ; 5
sl &5 o Chlg:?’: I Chlgli)”:ll JST“::;)S el Bl g JgSss 7 3 3
Planting lon leakage ap y bp Y chlorophyl Lateral Follicle per JoSdgd

date (%) (mg g FW) (mg g’ FW) (mg g FW) branch plant Seed per Follicle
et 10 45.60 2.20b 1.26 be 3.46 b 11.77b 10.44b 4244 ¢
3 February
bl )
19 37.02b 2.31ab 135a 3.66 ab 13.0 ab 12.11a 47.22 ab
February
il o 34.80b 253a 133a 3.86a 1355 a 12443 49.22a
5 March
2978 34.16 b 2.41 ab 132a 373a 12.88 ab 12.11a 49.11a
21 March
295 1 33.88b 2452 1.30 ab 3.75a 12.33 ab 11.77a 45.0 be
4 April
Sy
Cedged) ) 47.96 2 1.94¢ 1.21¢ 3.15¢ 9.00 ¢ 10.44 b 36.55 d
21 April

S5 aopd gy Sl g 53 (Sl ge5T bl 0S5 b (gl me MBI gt s 53 S jidie g gyl (glaSilie
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 7- Mean comparison of vermicompost for studied traits of Nigella sativa L.

a L b Ls ; . > &by slass

Sy | wmes Gl el R T e S

Vermicompost  lon leakage orophy orophy ota Lateral Follicle per 2
-1 a b Chlorophyll Seed per

(t.ha™) (%) e} K} 1 branch plant !

(mgg~FW) (mgg” FW) (mg g~ FW) Follicle

0 40.73 a 2.06 ¢ 1.13¢c 3.19c 9.16 ¢ 9.94b 37.83¢c

5 38.87 ab 231b 1.30b 3.62b 12.88 b 12.00 a 46.11b

10 37.11b 2.55a 145a 401a 1422 a 12.72a 50.83 a

Sl ao > iy Jlein] a3 (S5l ge5T bl 0S5 b (gl me MBI gt b 53 S pidie g (il (laypSilie
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 9- Mean comparison interactions of planting dates and vermicompost for plant height, shoot dry weight, seed yield,

harvest index and seed thousand weight of Nigella sativa L.

S g, ConigeS (29 W)l el SiS ogy wlbaSles Ly g ls 15 03
Planting date Vermicorr}Post Plant height Shoot dry \_/\lleight Seed yiild Harvest index Seed thousand weight
(ton.ha™) (cm) (kg.ha™) (kg.ha™) (9)
. 0 243 gh 1403 c-f 380 gh 2713g 1.70h
ook 5 27.6 fgh 1465 abc 416 d-g 28.38 efg 1.86 efg
3 February 10 35.6 abc 1489 a 423 def 28.43 efg 1.86 efg
o 0 26.3 fgh 1410 b-f 446 cd 31.63 bed 1.80 gh
5 32.6 cde 1472 ab 495 ab 33.61 abc 2.0 bed
19 February 10 36.6 ab 1492 a 505 ab 33.85 ab 2.06 abc
s 0 286 f 1439 a-d 436 cde 30.35 de 1.86 efg
5 33.0 bed 1460 abc 504 ab 3452 a 1.96 cde
5 March 10 376a 1485 a 5l4a 34.63a 213a
. 0 26.0 fgh 1371 efg 429 def 3134 cd 183fg
2978 5 30.0 def 1427 a-e 495 ab 3469a 2.0 bed
21 March 10 37.0a 1480 a 51la 3454a 2.10ab
. 0 24.0 gh 1354 fg 406 efg 30.01 def 1.70h
22292 10 5 28.0 g 1405 cf 468 be 33.33 abc 1.83fg
4 April 10 29.0 ef 1427 a-e 482 ab 33.81ab 1.93 def
AT 0 1761 1261 h 348h 27.60 fg 1561
Sebed) 5 2001 1335 g 396 g 29.65 def 1.80 gh
21 April 10 236h 1378 d-g 414 d-g 30.07 de 1.86 efg

Bl ao > iy Jlein] a3 5SS 905l b (6yl5 ixe MBI ygis ya p3 S jdie gy chyly olanSSle

Means followed by the same letters in each column are not significantly different by Duncan test at 5% probability level.
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Introduction

Potato is one of the most valuable food products. Indeed, no product has the capacity to produce energy per
unit area compared with it. Potato has been an important part of the diet in most countries, especially in
developing countries. Conventional cropping systems emphasize short-term goals such as high profitability and
yield, and their maintenance costs are maximized due to the use of external inputs such as fertilizers and
chemical pesticides, so with no use of external inputs, yield is greatly reduced. On the other hand, sustainable
farming systems are systems that rely on low-energy inputs and small amounts of chemicals for long-term
production stability and environmental adaptation. The purpose of this study was to investigate the effect of
different cropping system management on yield, yield components and weed diversity in potato cultivation.

Materials and Methods

This experiment was conducted during the two years of 2015-2016 and 2016-2017 in the farm of Ran-
Firoozkooh Cooperation Ltd., located at 10 km east of city of Firoozkooh city. The experiment was conducted as
split plot arrangement based on a randomized complete block design with four replications. In this research,
various agricultural management assigned to the main plots and weeding and no-weeding operations were
allocated to the sub plots. Cropping systems include the high input, medium input, low input and ecological. At
the early June, the potato seed tubers were planted in plots of 15 x 6 m (with a distance of 70 cm between the
rows, 22 cm on the rows) in all cropping systems. At the end of the growing season (Oct, 1) potato tubers were
harvested. Data were analyzed using SAS 9.1 and figures were prepared using MS-EXCEL software.

Results and Discussion

Mean comparisons showed that the highest single tuber weight (87.6 g) obtained from high input system,
which was 26% higher than the low input system. The results also indicated that the weight of single tuber was
increased with increasing weed control, so that the highest rate of this trait was obtained from weeding
treatments. In the ecological system, the yield of the tuber in the weed control treatment was significantly
different than the weedy treatment. The highest amount of tuber yield was resulted in the high input system and
in weeding treatment which was significantly higher than the ecological system and the weedy treatment. In the
high input system, more access to nutrients (NPK) resulting in improved yield and growth component. The
phosphorus used in the high input system has different roles such as cell division, fertilization and development
of reproductive organs. This can improve root and tuber development and increase water absorption and
nutritional elements. Another reason for the increased yield in medium and high-input cropping systems could be
assigned to the reduction of weed density in these systems. Means comparison showed that the nitrogen content
of tuber in the high input system was 1.34%, which was higher than the low input system by 13%. The highest
level of this trait was obtained in weeding. Plants grown in the high-input system stored more of nitrogen in their
tissues due to the higher input of nitrogen fertilizer. Dzida and Jarosz (2006) reported that in a greenhouse
experiment, the application of nitrogen fertilizer had a positive effect on nitrogen accumulation in the shoots of
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savory (Satureja hortensis). On the other hand, Derakhshan et al. (2018) stated that increasing nitrogen fertilizer
is not only not beneficial to the crop, but also complicates the weed problem, in which case weeds absorb
nutrients faster and more than the crop. There was a negative correlation between increasing the use of inputs
and Shannon-Wiener index, so that ecological system (1.32), which was without the use of inputs, had the
highest rate of this index and the lowest one was observed in the high input system (0.87). The main reason for
the loss of biodiversity in conventional farms compared with low and ecological systems seems to be the
intensification of agricultural operations, which is associated with excessive consumption of inputs, including
herbicides.

Conclusion

In general, the results of this study showed that with increasing input, yield and yield components of potatoes
increased. The results also showed that the highest amount of nitrogen was observed in tubers, potato shoots and
also in weed tissues in the high input system and therefore it can be suggested that more use of chemical
fertilizers has resulted in more nitrogen storage in different plant tissues. On the other hand, with the decrease in
the input in ecological and low-input systems, the amount of Shannon-Wiener diversity index increased so that
the highest amount of this index was observed in ecological and low-input systems. Considering the reduction of
environmental pollution in ecological systems, it seems that such systems are environmentally friendly and if
such services can be valued, the ecological system will be more superior compared with the conventional ones.

Keywords: Ecological, High input, Medium input, Shannon-Wiener, Weeding
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Table 1- Meteorological statistics (monthly) of Firoozkooh synoptic station during the experimental period in 2015-2016
and 2016-2017
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Table 2- Average number of weed species during five sampling periods in different cropping systems in 2015-16 and 2016-17
cropping years
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Table 3- Soil chemical and physical characteristics of the experimental site

EC
P(EPM) K(ppm) pH (4o 1y OC (%)

(Silt loam) _Les ps) 0.07 8.8 270 754 113 0.87

Soil texture Available nitrogen (%)
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Table 4- Chemical decomposition of compost fertilizer

Sample specifications  pH (ds m)

0C(%) OM(%) N(%) P(%) K (%)

Compost 7.39 4.33
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Table 5- The result of normality test for potato characteristics based on the Shapiro-Wilk Test
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Table 6- Percentage of frequency of weed types in different cropping systems in 2015-16 and 2016-17 cropping years
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Figure 1- The effect of weed treatment on the number of potato tubers
Means followed by the same letter(s) are not significantly different (p<0.05).

lises gL ylow pili Cod Ll Olho i dle X pll Jlike Ol 51 be dug e -A Jgas
Table 8 -Mean comparison of interactions of cropping systems x weed on different traits influenced by different treatments
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single plant square meters nitrogen
(@) (kg) (%)
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Means followed by the same letter(s) are not significantly different (p<0.05).
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Figure 2- The effect of different systems management on the weight of a single potato tuber
Means followed by the same letter(s) are not significantly different (p<0.05).
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Figure 3- Effect of weed control levels on the weight of a single potato tuber
Means followed by the same letter(s) are not significantly different (p<0.05).
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Table 9- Analysis of variance (mean squares) of Shannon-Wiener diversity index and weed nitrogen content under
field management methods and weed control levels
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(ns, *, **: represent non-significant, significant at p = 0.05 and p = 0.01, respectively)
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Figure 4- Effect of cropping systems management on potato tuber nitrogen
Means followed by the same letter(s) are not significantly different (p<0.05).
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Figure 5- Effect of weed control levels on potato tuber nitrogen
Means followed by the same letter(s) are not significantly different (p<0.05).
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Figure 6- Effect of different cropping systems on weed nitrogen percentage
Means followed by the same letter(s) are not significantly different (p<0.05).
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Figure 7- Effect of different planting systems on Shannon-Wiener diversity index
Means followed by the same letter(s) are not significantly different (p<0.05).
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Introduction

It is well accepted that application of chemical fertilizers contaminates the water and soil resources and
reduces the quality of agricultural and medicinal products, which subsequently creates serious environmental
issues. Currently, to improve soil fertility and have sustainable production, bio-fertilizers as an alternative to the
chemical fertilizers have been widely applied. Product quality and production sustainability are very important
parameters for medicinal products. In agricultural system, weeds are an inevitable part of the process which can
negatively affect the production of the medicinal plant. Weeds can compete with medicinal plant for water,
nutrient, light, space, and carbon dioxide access, which subsequently reduces quantitative and qualitative yields
of the plant and increases crop yield losses. Therefore, this experiment was conducted to evaluate the effect of
different fertilizer sources on biochemical traits of basil plant in control and non-control conditions with weeds.

Materials and Methods

This experiment was split plot based on randomized complete block design with three replicates and was
conducted at Sari Agricultural Sciences and Natural Resources University, Iran. The treatments consisted of
competition between plants and weeds (weedy and weed free) as the main factor and sub factors were fertilizer
sources as: 1- control (no fertilizer), 2- NPK fertilizer (urea fertilizer (100 kg ha™) + triple super trlphosphate
(100 kg ha™) + potassium sulfate (80 kg ha)), 3- humic acid (15 | ha™), 4- animal manure (20 ton ha™), 5- NPK
fertilizer (urea fertlllzer (50 kg ha™) + triple super triphosphate (50 kg ha™) + potassium sulfate (40 kg ha" 2) +
humic acid (7.5 | ha™), 6 NPK fertilizer (urea fertilizer (50 kg ha™) + triple super trlphosphate (50 kg ha™) +
potassmm sulfate (40 kg ha®)) + animal manure (10 ton ha™), 7- animal manure (10 ton ha™*) + humic acid (7.5 |
ha') and 8- spraying macro and micro elements. The predominant weeds identified in the field included
velvetleaf (Abutilon theophrasti), sorghum (Sorghum halepense), euphorbia (Euphorbia maculate) and wild
melon (Cucumis melo. Var. Agrestis).

Results and Discussion

The results showed that the biochemical traits such as total phenol, total flavonoid and antioxidant activities
had significant increment in weed infestation compared to weed free condition. Based on the results, the highest
total fresh weight in the first harvest (11527 kg ha™) and second harvest (15077 kg ha™) belonged to chemical
fertilizer + humic acid treatment. Anlmal manure + humic acid treatment had the highest (P < 0.05) total dry
weight in the first harvest (1822.3 kg ha™) and second harvest (2426.01 kg ha™) compared to other treatments.
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According to the results, weed interference reduced (P < 0.05) the total fresh and dry weight of plant compared
to weed control, where the total fresh and dry weight in the first harvest was decreased up to 50.31% and
42.29%, respectively and in the second harvest, up to 48.69% and 49.58%, respectively. Weeds density and
biomass were affected by treatments, the highest weed density and biomass was observed by chemical
treatments at the first and second stages of sampling, (49.33 and 36 plant.m?, and 188.25 and 155.25 g.m?,
respectively).

Conclusion

Based on the results of current study, the integrated application of organic fertilizers had a positive effect on
the production and biochemical traits in basil. Overall, the application of organic fertilizers reduces production
costs and environmental pollution that can cause by the use of chemical fertilizers. Organic fertilizer also reduces
weed dry weight which consequently decreases the damage caused by herbicides. Therefore, it can be suggested
that organic fertilizers can be applied to produce healthy and sustainable products.

Keywords: Antioxidant activities, Competitive stress, Humic acid, Medicinal plant, Phenol
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Table 2- Analysis of variance of the effects of experimental treatments on biochemical traits of basil in two harvests

Js Jid IS sigglls a1 31 el
Ol s 2alio ay Total phenol Total flavonoids Antioxidant activity
s.0.v d.f a3l Y o Yoe Yo Yom Vo Yo
Harvest 1 Harvest 2 Harvest 1 Harvest 2 Harvest 1 Harvest 2
Block s, 2 7.67 7.35 8.83 10.34 6.77 10.91
(A) 52 sladle 1 814.002™ 889.81" 308.18" 341.33" 284.47" 314.43"
Weeds (A)
(8) sl 2 5.30 4.27 3.70 3.17 481 6.77
Error (a)
_(E_s) 395 e 7 393.38" 419.74™ 99.84™ 113.84™ 662.61" 632.90"
Fertilizer sources (B)
AxB 7 27.36" 33.60" 8.14™ 5.27" 14.377 19.52™
Error L):;.:”Lc)'j s 28 6.76 6.69 2.26 2.20 5.11 5.10
(CV.) &l oy - 113 9.2 10.9 7.9 4.2 3.4
bl oo doyd S g gy Jlein] pdaw 50 )b pixe sdimd il o g4y e g
*and **: are significant at 5 and 1% probability levels, respectively.
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Table 3- Mean comparison of the effects of experimental treatments on biochemical traits of basil in two harvest

Js L8 JS wigighld S T Codlad
. Total phenol Total flavonoids Antioxidant activity
Treatment sles (mg g’ dw) (mg g dw) (%)
shdle Vo Vo Yo Vo Vo Vo
I Fertilizer sources 3¢5 &b Harvest 1 Harvest 2 Harvest1  Harvest 2 Harvest 1 Harvest 2
Weeds
Control sals 9.82} 7.48) 9.08f 6.08f 439 31539
Chemical NPK NPK _Lous 355 35.83 30.49 19.83° 14.70 74.66°" 63.19 "
Humic acid S.egpn sl 17.98 " 10311 15.55 ¢ 8.95 % 57.66 46.19°
Animal manure _jls.> 55 15.65 20.54 ¢ 14.58 ® 9.45 % 61.53 % 50.06 °
o9l NPK + Humic acid Ssepmn 4l +NPK 2490 " 19.56 f 16.66 ° 11.54¢ 70.46 58.99 ©
Weed . )
free o> 255 +NPK 25.87 ¢ 12.65" 1408%  1043¢ 63 5153
NPK + Animal manure
35 5 9)5le polie (3l Jgbne 20049 1506 1491% 979 561 4453
Macro and micro elements
‘—§-°9-*-°’ Sl + u—‘l9-*> 395 ab ab b b a a
, > 40.02 34.69 24.25 19.12 80.33 68.86
Animal manure + Humic acid
Control ssls 24601 19.26 1 12.19°¢ 7.06 ¢ 55" 4153"
Chemical NPK NPK _Lows 355 41.19° 35.85° 248 19.68 ® 76° 64.53°
Humic acid Segpn sl 29.57 % 24,62 % 19.50 ¢ 14.37°¢ 65 ¢ 5353 ¢
Animal manure _jls.> 55 29.96 % 30.51% 21.38° 16.26 ° 63.59 ¢ 52.12 ¢
O NPK + HUMIc acid Syege sl +NPK 31.60 @ 26.26 @ 24.22° 19.09° 73.68 62.21"
o9 ;
Weed o> 25 +NPK 35.85 24,23 % 21.11°¢ 15.98 ¢ 70° 58.53 ¢
y NPK + Animal manure
3550 9 951e polie A sle 24,07 18.73 1 2136°  16.23° 61.66 ¢ 50.19 ¢
Macro and micro elements
Seogar ol +  Jlgw> 595 a a a a a a
4255 37.21 27.05 21.93 82.66 71.19

Animal manure + Humic acid

)5 Iy st gl K0S, b oy iy Jlosn] pebans 53 LSD g0 51 onlitl b (g,bol s 51 oS e B S JBlis syl (sloSilie i b 5
Means which follow the same letter are not statistically different at 5% probability level based on LSD test.
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Table 4- Analysis of variance of the effects of experimental treatments on leaf fresh and dry weight of basil in two harvests

oy Sy P ok SRS 0
O s 2alio ’ " Leaf fresh weight Leaf dry weight
5.0V d’f ) Y o Y o Vo Yo
d. Harvest 1 Harvest 2 Harvest 1 Harvest 2
Block sl 2 45317.1 261700.0 1016.70 14604.73
(A) 52 slodle 1 153560537.3" 165391875.0" 2036837.36" 2955665.02"
Weeds (A)
(8) sl 2 991914.6 714700.0 50863.05 9263.45
Error (a)
(B) w55 ko 7 162274719 125221036™ 20345673 6312093
Fertilizer sources (B)
AxB 7 3714381.8™ 2996636.9™ 29965.72" 28839.04™
Error _ibejl s 28 1787500.2 1819752.4 15892.39 13391.99
(CV.) &lyeis o - 26.3 24.0 154 13.2

il e oy S g gy Jlein] e 3 )l ixe g (61 xe el s dimd i 4y sk g # IS
ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.
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Table 5- Mean comparison of the effects of experimental treatments on leaf fresh and dry weight of basil in two harvests

Sy P S S 05
Slow Leaf fresh weight (kg ha) Leaf dry weight (kg ha™)
Treatment Y o Y o Yo Yo
Harvest 1 Harvest 2 Harvest 1 Harvest 2
Control ssls 2067.12 ¢ 3313.03°¢ 438.27 ¢ 708.90 ¢
Chemical NPK NPK _;Laws 35 5177.10° 5640.11 " 848.67 * 848.23 ™
Humic acid Segpn sl 3284.51°¢ 3686.72 ¢ 662.17 © 764.83 @
Animal manure gl 568 5946.92 * 6410.13%® 982.20 ° 1007.90 #
o5 e NPKAHHUMIC Sopen el +NPK 6953.62 ° 7366.74 2 893.83 934,57 %
Fertilizer acid N
sources o 255 + 5880.23 6293.35 901.60 ® 948,50 ®
NPK + Animal manure
3,52 5 9,51 polie (sil Jsbns 4913.81° 5406.74 " 822.47" 855.57
Macro and micro elements
(Seagp el + Gy 35 6380.54 679332 986.03 95420 ®
Animal manure + Humic acid
5y slacile Weed free ;s L 6864.12 ° 7470.16 1022.90 2 1125.98°
Weeds Weedy oy s 3286.82° 3757.55° 610.91° 629.69 °

515 55 e gl 30085 b do > i Jless] pdaws )3 LSD (905l 5l ealiinl b (g bl a1 yla po p3 Syiie B S P8l (s (olayuSiko oy yb p
Means which follow the same letter are not statistically different at 5% probability level based on LSD test.
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(EI-Nemr et (Cucumis sativus L.) ;L5 Sy 5 59 2011)
(Daur and Bakhashwain, <> S_is 4 5 59 9 al., 2012)
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g9 1l 035 05 0)93 ul 13 50 slacdle b 4y culd) ol
ay 3Sdes jlly (BB crge Md) Juad Lol )3 50 slacile
(Salimi et al., 2006) L
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Table 6- Analysis of variance of the effects of experimental treatments on Shoot fresh and dry weight of basil in two harvest

g a8lw POl Bl SLs 039
Ol s 2alio ’ ' Shoot fresh weight Shoot dry weight
S0V ‘j‘}’ Y o Y o Y o Yo
) Harvest 1 Harvest 2 Harvest 1 Harvest 2
Block s, 2 871758.33 6688214.6 49144.17 323744.50
(A) 52 slowils 1 67925208.33™ 173812408.3" 1425472.40™ 9809123.36™
Weeds (A)
(8) sl 2 48358.33 6792289.6 2787.42 41962.22
Error (a)
_('_3) 355 gl 7 10572551.19" 18922208.3™ 299795.08™ 291253.94™
Fertilizer sources (B)
AxB 7 1832675.0"™ 3744027.4™ 54725.70"™ 79000.12"
Error ulejl las 28 1113906.0 1926418.8 25770.94 84153.99
(CV.) @lyuis s - 27.9 22.9 27.1 23.3

il e doyd S5 5 o yd g Jlois ! e )0 5 dixe g (6,0 e yuE 0dimd LS S Py sk g % NS
ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.
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Table 7- Mean comparison of the effects of experimental treatments on shoot fresh and dry weight of basil in two harvest

Bl 5 439 Al SUid 59
Slow Shoot fresh weight (kg ha®) Shoot dry weight (kg ha®)
Treatment Y o Y o Yo Yo
Harvest 1 Harvest 2 Harvest 1 Harvest 2
Control asls 1250.10 ¢ 2173.33°¢ 190.53 ¢ 921.32°
Chemical NPK NPK Loy 35 3640.13" 6230.11%® 636.90 ™ 1338.14°
Humic acid Segpn sl 242332 % 5103.35° 382.37¢ 908.96 °
Animal manure _jlss 355 4710.22® 6890.13 * 646.27 ™ 1318.40°
@3 mle Snged Sl TNPK 4573.35 7710.11°2 799.80 * 1427.81°2
Fertilizer NPK + Humic acid
sources o> ’?5 +NPK 462331 % 6453.34 759.93 ® 1388.83 2
NPK + Animal manure
954 9 951 "_"“ e 3916.76 ® 6390.10 ® 498.87 “ 1194.84 %
Macro and micro elements
] Seoged ol £ (g 795 ) 5140.20 7593.35° 836.23° 1471.80°
Animal manure + Humic acid
e glacile Weed free ;> L 4974.17°% 7970.80 ° 766.19 1698.29°
Weeds Weedy (ys 5 2595.10 ° 4165.10° 42153° 794.18°

)5 I gixe Cglis ;FouSs b doyd gy Jless] prdaw 13 LSD el 5l ealisl b (glol jlas 1 oS e o G JBlus gyl (slapuSilie
Means which follow the same letter are not statistically different at 5% probability level based on LSD test.
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Table 8- Analysis of variance of the effects of experimental treatments on total fresh and dry weight of basil in two harvest

an > 55 0l J5 Sid 39
Ol s 2alio ’ ' Total fresh weight Total dry weight
S0V ‘j‘}’ Y o Y o Y o Yo
) Harvest 1 Harvest 2 Harvest 1 Harvest 2
Block S'sh 2 1305869.0 7326689.6 61740.85 404794.92
(A) 52 slowils 1 42574667.9" 678304033.3" 6870215.53™ 23533722.0™
Weeds (A)
(8) sl 2 1076628.8 10896414.6 55034.88 86072.52
Error (a)
(B) o5 oo 52100537.9% 594726286 958979.89" 59165351
Fertilizer sources (B)
AxB 7 94709240.0"™ 11863500.0"™ 130554.43ns 106081.48"
Error ulejl las 28 3897692.7 3597733 56902.03 113603.77
(CV.) &lyis oy - 22.3 16.2 16.9 15.9

il e doyd S5 5 o yd g Jlois ! e )0 5 dixe g (6,0 e yuE 0dimd LS S Py sk g % NS
ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.
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Table 9- Mean comparison of the effects of experimental treatments on total fresh weight, total dry weight and oil yield of
basil in two harvest

555 od9 JS Suis 059 ol 3, Slas
o Total fresh weight weight Total dry weight weight Oil yeild (kg ha™)
s (kg ha) (kg ha™) yera g
Treatment )
o= Yo Vo Vi Vos Vi
Harvest 1 Harvest 2 Harvest 1 Harvest 2 Harvest 1 Harvest 2
Control sals 3317¢ 5487 © 628.81°¢ 1630.21°¢ 628.81° 1630.21 ¢
C'\'h?;iﬁ";l‘zpf 8817" 11870° 1485.62 2186.33° 148562  2186.332
Humic acid Segpn sl 5708 ° 8790 ¢ 1044.50 ¢ 1673.70™ 1044507  1673.70"
A”'m:]:m@r'f > 10657 13300%°  162851%  232631°  162851®  232631°
u
o ol NPK;;*"?C*;’;_;NPK 115272 150772 1693.61 2362.32° 1693.61%  2362.32°
) umi 1
Fertilizer ;
SOUrces NP Ij)‘j‘; :"’:n ;P;:nure 10504 * 12747 166153*  2337.35°  1661.53%®  2337.35°
995 polie (3L Jolxo
9555 8830 " 11797 ¢ 1321329  2050.41% 1321329 2050.41 %
Macro and micro
elements
Spoged dpusl + Slgr> 295
Animal manure + 11521 ° 14387 ® 1822.30°2 2426.01° 1822.30 2 2426.01°
Humic acid
i sladile Weed free ;29 L 11838.30° 15440.80 ° 1789.09 2824.28° 1789.09 * 2824.28*°
Weeds Weedy s 9 5881.82° 792251° 1032.44° 1423.87" 1032.44" 1423.87"
)5 e gl ,S0uS, b doyd gy Sl g 3 LSD el 3l onlizal b g ybol i 51 S yitio by Sy Bl (sl sl uSibio
Means which follow the same letter are not statistically different at 5% probability level based on LSD test.
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Table 10- Analysis of variance of the effects of experimental treatments on oil precentage and yeild of basil in two harvest

- owilwl sy owilwl 3,Shas
) JUVES 3 P19 T Oil perecentages Oil yeild
SOV 3] Y o Y o Y o Yo
d.f Harvest 1 Harvest 2 Harvest 1 Harvest 2
Block s, 2 0.005 0.006 0.84 19.03
(A) 52 lacdle 1 0.27" 0.28" 63.36" 127.55™
Weeds (A)
(8) s 2 0.0010 0.0015 3.10 4.40
Error (a)
(B) o5 gl 0.040" 0.042" 44.88" 45.94™
Fertilizer sources (B)
AxB 7 0.005" 0.006™ 1.73™ 4.01™
Error il las 28 0.0017 0.0017 1.60 3.33
(CV.) &l oy - 7.3 8.6 186 18.6

il e doyd S5 5 o yd g Jlois ! prdaw )0 5 dixe g (6,0 ize yuE 0dimd LS S Py sk g # NS
ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.
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Figure 1- Influence experimental treatments on oil perecentages of basil in harvest 1 (A) and harvest 2 (B)
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Means which follow the same letter are not statistically different at 5% probability level based on LSD test.
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Table 11- Analysis of variance of the effects of different fertilizer sources on total density and total dry weight of weeds in two

stages
S i sl J5 o165 i gbdle J5 WS (59
Ol i 2alio ’ 1 Total weed density Total weed dry weight
SOV ‘j’f’ Y als yo ¥ Ao Y o yo Y Ay
' Stages 1 Stages 1 Stages 1 Stages 1
Rep 1,5 2 40.66 284.66 1834.39 1614.50
_°_5°9§ el 7 261,71 306.28™ 5643.50™ 5854.47"
Fertilizer sources
Error ulejl las 14 25.42 38.57 426.25 444.05
(CV.) @lyuis gy - 24.8 19.0 24.9 18.2

*x

il e doyd S Jlain] e (g0 size odiad LS ¢
**: is significant at 1% probability levels.
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Figure 2- Influence of different fertilizer sources on total density (A) and total dry weight (B) of weeds in two stages
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Means which follow the same letter are not statistically different at 5% probability level based on LSD test.
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Introduction

Considering the conditions of Iran in terms of water resources, high consumption of nitrogen fertilizer and
low consumption of potassium fertilizer, less water use in rice cultivation and balance in chemical fertilizer
consumption will play very important role in saving and wasting water. Rice production should increase in the
coming years due to population growth, and this is possible due to the use of improved cultivars and agricultural
management. Water is the most important factor for sustainable production in many agricultural products. About
75% of the rice produced (50% of the total rice fields in the world) is irrigated. Mineral nutrition includes;
Supply, absorption and consumption of nutrients are essential for the growth and yield of crops. Non-use of
nitrogen in rice plant at the beginning of tillering reduces plant height and non-use of nitrogen in full clustering
stage reduces 1000-seed weight.

Materials and Methods

The aim of this study was to investigate the effect of different irrigation methods and nitrogen and potassium
fertilizers on yield, yield components, water use efficiency and nitrogen consumption efficiency of Gilaneh rice
cultivar in 2016-2017 and 2017-2018 cropping years. The shredded load was performed based on a randomized
complete block design with three replications in Rasht. The size of the experimental units was nine square
meters (dimensions of the main plot were 3 x 3 m, the sub-plot was 3 x 1 m and the sub-plot was 1 x 1 m).
Accordingly, experimental treatments include irrigation at two levels of permanent flooding and irrigation
interval of once every 10 days as the main factor, nitrogen fertilizer at three levels of 0, 60 and 120 kg.ha™ as a
secondary factor and potassium fertilizer at three levels. Zero, 80 and 160 kg.ha™ were sub-factors. To determine
the grain yield by observing the margin effect (removal of two rows) in each plot in the physiological maturation
stage was taken and grain yield was calculated based on 14% moisture.

Results and Discussion

The results of this study showed that the highest grain yield of 5198 kg.ha™ in flooding treatment, application
of 120 kg.ha™ of nitrogen fertilizer and 80 kg.ha™ of potassium fertilizer and the lowest yield in 10 days
irrigation cycle and no use of two types Potassium and nitrogen fertilizers equivalent to 887 kg.ha™ were
obtained. Increasing the irrigation distance reduced the number of spikes per square meter, number of seeds per
spike, 1000-seed weight and paddy yield. The highest nitrogen crop yield (45.8 kg.kg™) was recorded in both
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irrigation regimes at 160 kg.ha™ of potassmm fertilizer with 60 kg.ha™ of nitrogen fertlllzer By increasing the
irrigation cycle, treatments of 60 kg.ha™ nitrogen fertilizer along Wlth 160 kg.ha™ of potassium fertilizer
equivalent to 0.764 kg.m™ in the first year and equivalent to 0.775 kg.m™ in the second year increased water use
efficiency. With increasing irrigation frequency, 1000-seed weight was reduced in all three levels of nitrogen
fertilizer, which was significant only i |n one level of nitrogen fertilizer. The maX|mum weight of 1000 seeds per
hectare with consumption of 80 kg.ha™ of potassium fertilizer and 60 kg.ha™ of nitrogen fertilizer was equal to
23.31 g. Increasing the irrigation cycle in all three levels of potassium fertilizer reduced the number of full grains
in the panicle.

Conclusion

Nitrogen and potassium fertilizer application in addition to optimizing fertilizer application, increased the
yield and yield components of Gilaneh rice. Irrigation period of 10 days and non- appllcatlon of two types of
potassium and mtrogen fertilizers, the lowest grain yield and consumption of 80 kg ha™ of potassium fertilizer
and 120 kg.ha™ of nitrogen fertilizer in flooded conditions recorded the highest grain yield.

Keywords: Crop management, Paddy field, Water use efficiency
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Table 1- Meteorological information from year 2016 and 2017 at the site of the experiment

»

Jw owldlgd Olasuio 35958 Cuigens3 | 33,5 313 50 29 R
Year Climatic item 21Mar-20Apr 21Apri-16May 17May-16Jun 117; Juur}- 19Jul-18Agu  20Agu-19Sep
L o 13.6 19.3 23.6 26 28.2 26.9
Tmean (C)
Rai f:’b 86.2 27.8 18.6 13.8 15 61
2017 ain a (mm)
s k) 78 78 75 74 71 75
Relative Humidity (%)
sl clels 140 169.2 229.1 2325 293.7 245.8
Sunny Hours (h)
L 137 19.4 231 28.1 27 25.1
Tmean ( C)
. _frl“"‘* 204 37.2 48.7 30.8 68.4 138
2018 aln"a (mm)
. w.alo)_ _ 76 74 75 73 77 74
Relative Humidity (%)
w8l clels 145.9 1704 230.3 2954 164.9 209.7
Sunny Hours (h)

bl 12 oo S alionsd 5 (S5 Slasuio Y Jgse
Table 2- Physical and chemical properties of soil in the experiment site
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Table 4- Mean comparison for interaction effects of irrigation regimes and nitrogen and potassium levels on grain yield, yield
components and some traits of Gilaneh rice
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interval  Nitrogen Potassium Fhysiologic  Physiologic  Nitrogen Nitrogen  Nitrogen Water Water Grain yie d
nitrogen nitrogen use use use (kg.ha™)
(Day) efficiency efficiency  efficiency use uptake efficiency efficiency
- efficienc fficien . .
(kg kg') (kg kg (%) Y CIneY  (gm?) (kg
2017 2018 2017 (w2018 () 2017 2018
0 0 0 0 0 0 0 0 0.156i 0.15q 1354.7Im
0 60 0 8.52h 8.6gh 16.79 16.99 32.3d 0.239g 0.2370 3343.2f
0 120 0 7.24h 7.8hi 6.9 6.9j 11.7j 0.294g 0.29m 3295.3d
0 0 80 0 0 0 0 0 0.401ef 0.403k 2080.6k
0 60 80 34.7c 30.6¢ 31.8c 31.7c 59.3b 0.463e 0.457hi 4022.9de
0 120 80 17.9de 19.1d 22.9d 23.2d 30.7de 0.56d 0.521fg 5198.3a
0 0 160 0 0 0 0 0 0.476e 0.456ij 2559.3hi
0 60 160 46.03a 45.7a 43.8a 44.5a 66.7a 0.597d 0.586de 4583.5b
0 120 160 18.9d 19.2d 18.6f 18.5f 26.5f 0.525de 0.534f 4601.2bc
10 0 0 0 0 0 0 0 0.169i 0.165q 887.30
10 60 0 5.6k 5.9 4.3k 3.86k 17.6i 0.238h  0.2270p 1848.81
10 120 0 6.34k 9.6g 3.4k 3.44k 12.8j 0.268gh  0.274mn 3442.1f
10 0 80 0 0 0 0 0 0.483h 0.321I 1267.5mn
10 60 80 19.55d 19.3d 20.17e 20.6e 31.9d 0.576d 0.486h 3596.2h
10 120 80 14.8f 15.3e 14.6h 15.3h 24.3gh 0.628bc  0.637bc 4065.2d
10 0 160 0 0 0 0 0 0.647b 0.659h 1429.41
10 60 160 37.5b 38.6b 36.2b 38.7b 37c 0.764a 0.775a 3343.2f
10 120 160 14.07fg 13.3ef 11.4i 10.25i 24.79 0.616d 0.587d 3278.2fg
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Means with the same letter are not significantly different at p-value 5%.
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