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Introduction

Excessive application of chemical fertilizers can lead to poor soil and groundwater quality and severe
nutritional disturbances on the land and environmental damage. In recent years, increasing concern about the
production of healthy food and the emphasis on maintaining fertility and soil quality have led to more attention
to maintaining and increasing soil organic matter through appropriate management practices. Management of
crop residues can play pivotal role in improving soil productivity and quality as well as crop yield through its
effects on soil physical, chemical and biological properties. Soil quality, generally, indicates the ability of the
soil to function as an ecosystem by preserving fertility, environmental quality and enhancing the health of plants
and creatures which is always under the influence of management operations. Hence, soil quality assessment
methods allow quantitative biological, chemical and physical responses of soil to be compared to different
management practices. Soil quality assessment is a very complicated process due to the different soil properties
in different management conditions.

Materials and Methods

To investigate the effect of various managements of wheat and sugar beet residues on some chemical and
biological properties of soil, two distinct experiments were carried out in a completely randomized design with
three replications. Treatments of first experiment included control (CW), wheat residues retained on soil surface
(W), wheat residues incorporated into soil with plowing (PW), wheat residues incorporated into soil with
plowing plus urea fertilizer (PFW), wheat residues burnt (BW) and wheat residues burnt is followed by
incorporating into soil with plowing (PBW). Treatments of second experiment were including control (CS),
sugar beet residues retained on soil surface (S), sugar beet residues incorporated into soil with plowing (PS) and
sugar beet residues incorporated into soil with plowing plus urea fertilizer (PFS). In W and S treatments, the
remained plants were distributed uniformly throughout the plot. In PW and PS treatments, the remained plants
were mixed with soil by plowing to a depth of 30 cm. In PFW and PFS treatments, plant residues with urea
fertilizer (4 tons per hectare) were added to soil surface and then plowed. In BW treatment, wheat plant residues
were distributed uniformly in plot and then the burning was performed manually. In BPW treatment, plant
residues were mixed with soil after burning by plowing. After applying the experimental treatments, all plots
were irrigated in the same way. Irrigation intervals were applied to the plots similar to the adjacent plots and
were irrigated regularly during the experiment period. After 6 months of application of the treatments, sampling
of the treatments was carried out using a systematic method, consisting of plowing depth (0 to 25 centimeters of
soil).

Results and Discussion

Results showed that various managements of wheat and sugar beet residues caused significant changes in
studied chemical (except pH) and biological properties. All management methods, except retention of residues
on soil surface (C and S treatments), increased organic carbon, total nitrogen, available phosphorus and
potassium compared with the control treatment. Generally, in both crop residues, the greatest content of organic
carbon, total nitrogen and available potassium were related to incorporating residues into soil with plowing plus
urea fertilizer (PFW and PFS treatments). Also, the highest content of available phosphorus was related to PBW
and PFS treatments in wheat and sugar beet residues management, respectively. In the case of basal microbial
respiration and microbial biomass carbon, the most effective managements were residues incorporation into soil
with plowing (PW and PS treatments) and then residues incorporation into soil with plowing plus urea fertilizer
(PFW and PFS treatments). In this study, although residues burning (BW and PBW treatments) improved
nutrient content, microbial respiration and microbial biomass carbon compared with the control treatment, they
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were less effective than PW and PFW treatments. According to the results, in both wheat and sugar beet
residues, the most appropriate managements to improve the soil quality indicators were to incorporate the
residues into soil with plowing plus urea fertilizer, as well as only incorporating the residues into soil with
plowing. The results showed that the use of a minimum set of properties affecting soil quality or MDS can
determine the soil quality with reasonable accuracy and cost and time less in the studied soil.

Keywords: Nutrient elements, Residue burning, Residues incorporation
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Figure 1- Mean comparison for different plant density and different age of Physalis alkekengi transplant for No. of fruit per
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Table 1-Analysis of variance for the effect of plant density and age of Physalisalkekengi transplant on studied characteristics

Mean of squares Ol o pSibe

e gl 4?')3’ ogre Slaxi 3 09w (439 ) 55 &5 dlawy SECIST Gy i, 5,5dos u‘»w
sov &l ew “ o2 039 a0 R Plant Sujglp oo dSles  Oge Gy
d.f No. of Weight of Frutt No. of seed 1000-seed height Biological Fruit yield Fruit
fruit per fruit per weight : - - o9 harvest
plant plant per fruit weight yield index
Bi)fk 2 1483** 824%** 0.0037™ 1147** 0.550** 320* 40.8** 7.16** 27.25™
Age of 2 3326** 3971** 0.1390** 2516** 0.194* 1310** 73.7** 4.13** 791.14**
transplant
(A)
oSl
Plant 3 13196** 11624** 0.3497** 12566** 1.756** 847** 319.6** 70.84** 374.52**
density (P)
Ax P 6 496** 798** 0.0393** 128™ 0.038™ 30.56™ 4.3%* 1.94** 120.14*
Eurar;r 22 68 36.58 0.0042 103 0.047 85.71 0.78 0.24 36.42
o pd
&y 12.8 125 9.8 11.3 8.5 19.1 9.5 12.4 13.9
CV (%)
Moime pE NS a3 Y 50 Jloin! polaws )3 45 xe i gy *F o *
*and **: are significant at the 5 and 1% probability levels, respectively and ns is non-significant
00 y1 oy Sewg p& sliid CAliSes s )3 digy ST )7 o 131 23 3 o1 =Y Jouia
Table 2- Slicing of plant density and different age of Physalisalkekengi transplant interactions
Mean of squares Ol o (3S5be
(ai) sl cyuw a0 -5l s
Age of 7 . . . . . Canild  yas
trangsplant G5l W g ot g )3 090 i o3 039 Sojglem O, Mes b 3,Shas
(Week) d.f No. of fruit per Weight of fruit Fruit '"I - [viel st | .
plant per plant weight Biological yield Fruit yield Eruit harvest
index
11 3 2337** 3157** 0.142** 31.19** 5.19** 545.6**
8 3 1879** 2387** 0.073** 42.23** 2.045** 442 5**
5 3 101™ 22.56™ 0.001™ 8.99** 0.79* 43.2™

Moime pE NS a3 Y 50 Jloin! polaws )3 45 xe i gty *F o *
*and **: are significant at the 5 and 1% probability levels, respectively and ns is non-significant
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Table 3- Mean comparison for the effect of plant density and different age of Physalisalkekengi transplant on studied
characteristics

P ogue dlaxs 27 0%° 099 9 43 dlaxs N 0 . S oasle
o i Wy 2920 339 e &l Vg eW)l sl O SN agn cullay
- . Weight of Fruit - 1000-seed Plant Biological  Fruityield  Fryit harvest
Treatment - No. of fruit frui% per  Wweight(g) ~ No.ofseed "y Goni™  height (cm) yie?d (tha?) index
per plant plant (q) per fruit @ (t ha') %
(axam) +Lis (peo
Age of
transplant
(Week)
11 87.08° 68.30° 0.75% 109.5° 2.87° 52.25° 12.73° 5.48° 45.04
8 80.16° 64.49° 0.77% 108.4° 2.69° 54.16° 11.74° 5.30° 47.99°
5 26.50° 12.59° 0.47° 52.9° 2.14° 38.75" 3.33° 1.18° 37.18°
LSD
(0.057) 7.02 5.12 0.05 8.61 0.18 7.83 0.74 0.42 5.11
oS5
Density
(plant m?)
20 37.33¢ 18.79° 0.49° 69.11° 2.37° 61.44° 12.98% 3.75° 29.51°
10 65.55° 48.50° 0.68° 85.44° 2.54%® 55.77% 9.77° 4.85° 46.01°
6.7 74.55° 61.83° 0.77° 99.44% 2.66° 39.33° 8.07° 4.12° 48.76°
5 80.88° 64.72° 0.72%® 107.11° 2.70° 37.00° 6.24° 3.23° 49.34°
LSD
(0.057) 8.11 5.91 0.06 9.95 0.21 9.05 0.86 0.48 5.9

Mime yE NS o3 Y 50 Jloin! zolaw 13 45 ze (i ay %

*

*and **: are significant at the 5 and 1% probability levels, respectively and ns is non-significant
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Figure 2- Mean comparison for different plant density and different age of Physalis alkekengi transplant for fruit weight
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Figure 3- Mean comparison for different plant density and different age of Physalis alkekengi transplant for fruit weight
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Introduction

Nowadays, need for medicinal plants are increasing to the extent that it has become a very important in terms

of trade. Chinese lantern belongs to Solanaceae family and it is indigenous to the American continent. There are
many benefits to Chinese lantern such as anticancer activities against hepatitis and Diabetes. The optimum
planting date of Chinese lantern is one the most important factors for a successful cultivation. Interactions
between environmental and plant factors cause planting date, transplanting date and the age of the transplants
vary from one location to another, even among different genotypes. Moreover, the optimum plant density is an
essential factor to reach a high yield. In fact, low plant density leads sources to waste; on the other side, high
plant density causes yield reduction due to intense competition. The present study aims to investigate the effects
of different plant densities and age of transplants on yield and yield components of Chinese lantern in Mashhad,
Iran.

Materials and Methods

A field study in a factorial experiment based on a randomized complete block design was carried out with
three replications at the research field of faculty of agriculture, Ferdowsi University of Mashhad, Iran in 2016.
The experimental treatments were the combination of transplants age (5, 8 and 11 weeks) and four levels of the
plant density (5, 6.7, 10 and 20 plants per square meter). All the transplants were transferred in the field on May
5. Plots were designed with 3 m long and 2 m width, 0.5 m apart from each other. The first irrigation was done
three days before transplanting date; and further irrigation was done immediately after transplanting. At the
maturity stage, five plants in each plot were selected randomly to measure plant height, fruit number, fruit
weight per plant, single fruit weight, the number of seeds per fruit and 1000 seeds weight. Final fruit yield,
biological yields and harvest index were measured by harvesting 1 m? of the central part of each plot. All data
were subjected to analysis of variance (ANOVA) using SAS 9.1 software (SAS, 2011). When F test indicated
statistical significance at p<0.01 or p<0.05, the least significant difference (LSD) was used to separate the
means.

Results and Discussion

The highest fruit weight per plant was acquired by the density of 5 plants per m? and transplant age of 8 and
11 weeks. Increasing plant density from 5 to 20 per m? led to decrease fruit weight in plant. In the low density,
plants can access to the sufficient amount of recourses, so, yield rises; while in the high density, plant
competition causes assimilation to reduce. The highest blologlcal yield (16 tons per hectare) was obtained in the
8- and 11-week transplants, and density of 20 plants per m?. The highest fruit yield was achieved at 10 plants per
m? and 11-week-old transplant which was S|gn|f|cantly different from the other treatments. The highest fruit
yield was obtained by the density of 10 plants per m? followed by 6.7 plants per m? when 8-weeks transplant was
used. The 11-week-old transplant and the density of 5 plants per m? produced the highest fruit number (109). In
general with increasing age of transplants, the number of seeds per fruit increased. The results showed that
increasing age of transplants from 5 to 11 weeks led to increase seeds weight from 2.14 g to 2. 87 g. Plant height
increased significantly by increasing plant density. The density of 5, 6.7 and 10 plants per m? and 8 and 11
weeks old transplants had the highest harvest index. The lowest harvest index was seen at 20 plants per m?,
Overall, 5-week-old transplants could not produce proper mature plants; also, the density of 20 plants per m? was
not favorite for most of the traits except for biological mass and plant height.

Conclusions
The results showed that plant density and the age of transplants had significant effects on the studied traits.
All the traits were superior when 8- and 11-week old transplants were used. It seems that 5-week-old seedlings
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University of Mashhad, Mashhad, Iran
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were not enough strong to grow well and did not have a normal plant size to provide successful mature plants in
the field. Plant height and biological mass increased when plant density increased.

Keywords: Biological yield, Fruit yield, Harvest index, Plant height, 1000 seeds weight
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Figure 1- Trend of sweet corn and potato LAl in sole/intercropping (LAI C,LAI P,LAI | were the LAI of sweet corn,
potato, intercropping respectively. The black arrows show the harvesting time for sweet corn shelled kernel)
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Figure 2- Radiation absorbed by conopy in sweet corn and potato sole/intercropping
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Figure 3- Trend of sweet corn and potato dry mater accumulation in sole/intercropping. (TDW C .TDW P .TDW I, show
dry mater of sweet corn, potato and intercropping respectively)
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Introduction

Intercropping is one of the suitable management methods in crops production that improves absorption and

use efficiency of resources by plants. Higher production in intercropping systems compared to sole cropping
systems is attributed to morphological differences and different needs of the plants to utilize of environmental
resources such as light, water and nutrients. There are the adequate logical and reasonable grounds to
intercropping of potato and sweet corn because of their economic importance and physiological and
morphological differences. Furthermore, harvesting of these crops had not any disorder. While, access to
information such as resources use efficiency is need to find the best intercropping combination. Then the
objective of this study was evaluation of radiation absorption and use efficiency (RUE) of sweet corn (Zea mays.
Var. saccharata) intercropped with potato (Solanum tuberosum) under Kermanshah climate condition.

Materials and Methods

The experiment was conducted based on a randomized complete block design with three replications in the
research farm of campus of agriculture and natural resources, Razi University, Kermanshah, Iran during the
growing season of 2013. Treatments were included the intercropping of sweet corn (Chase) and potato (Agria)
with 1:1, 2:2, 2:1, 1:2 ratios (that shows the sweet corn and potato rows, respectively) along with sole cropping
of sweet corn and potatoes. Planting intra rows spacing were 13 and 25 cm for sweet corn and potato
respectively. Planting inter rows were 75 cm with 7 m long for both crops. The destruction sampling was done at
two weeks after emergence. In every stage, three plants were selected from each plot randomly. Absorbed
radiation was calculated by simulated entrance radiation and absorbed radiation percent multiply: and cumulative
total absorbed radiation was obtained by simulated entrance radiationx integral of absorbed daily radiation to
time ratio. Ultimately, RUE of sweet corn and potato was evaluated as g MJ™* by linear regression slope between
total accumulative dry mater (g m™) and accumulative daily radiation (MJ m™) for each plot individually.

Results and Discussion

Results showed that leaf area index (LAI) was higher in all intercropping treatments than sole cropping.
Among intercropping patterns, the highest and lowest LAI were observed in 2 rows sweet corn + 1 row potato
(4.12) and 1 row sweet corn + 2 rows potato (3.4), respectively. Also dry mater accumulation trend was affected
by intercropping patterns and radiation absorption increased by sweet corn and potato canopy appropriate to LAI
rising. RUE of sweet corn and potato in intercropping was higher than of sole cropping. Among different
intercropping patterns, the highest amount of sweet corn RUE were 2.18 and 1.86 g MJ™ respectively that
obtained in intercropping of 1 row sweet corn +2 rows potato. The highest sweet corn shelled kernel for
conserving (3300 kg ha™) and potato yield (9460 k ha™) were obtained in 2 row sweet corn + 1 rows potato and
2 row sweet corn + 2 rows potato, respectively. On the contrary, increasing the number of potato rows resulted in
higher RUE. Results also showed that land equivalent ratios were bigger than 1 in all intercropping patterns.
Pattern of 2 rows sweet corn + 1 row potato, was recommended with the highest LER (1.41) economically. The
additional obtained yield can attribute to better radiation use because of the morphological and physiological
differences between sweet corn and potato. There was no considerable dissimilarity in dry matter accumulation
trend between intercropping of sweet corn with potato and their sole cropping because of little plants in early
growth season. However, the dry mater trend continued as linear stage at 30 days after sowing date as the
differences were appeared between intercropping and sole cropping plots.

Conclusions
Compared to sole cropping, results of present study showed that the intercropping of sweet corn and potato
resulted in LAl improvement, dry matter rising, more efficiency in radiation absorption and increasing of

1- Former Student of Agroecology, Razi University

2- Assistant Professor, Department of Plant Production and Genetics, Razi University

3- Retired trainer of Agricultural and Natural Resources Research Center of Kermanshah Province
(*- Corresponding Author Email: Khoramivafa@razi.ac.ir)
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radiation use efficiency. Also this intercropping is recommended economically based on obtained LERSs.
Therefore, this study suggests the intercropping of 2 rows sweet corn + 2 rows potato economically. However,
the water consumption and water use efficiency must be investigated to choose the best intercropping pattern.

Keywords: Cultivation pattern, Productivity, Resources use efficiency
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1- Radiation Use Efficiency
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3- Photosynthetic Active Radiation
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Table 2- Volume of irrigation water used in different water

treatments
&bl w2, Tobw
e S JS Irrigation treatment
Total irrigation water (s Suid I oz mied)
(m°ha) (cumulative evaporation
from evaporation pan)

10250 70 (Io)

5260 140 (I,)

3400 210 (I,)
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1- Water Use Efficiency



FrV i oolo s yShos 2 iy 9 (53955 < kel Ztams 5T om0

2535 S LS bl oS 13y 3 ) el e U g (el O sl wrdes

pow U Jgl sl 53 (55253 ()3)) @iandd Spas (1], (wil,lg 40525 -V Jgaa
Table 3- Analysis of variance for radiation use efficiency of blue panic grass in different cuts

i gl @lilaryy  Jgl o £93 (> PR
S.0.V d.f 1st harvested  2nd harvested 3rd harvested
S 2 0.005 0.256 0.041
Replication
. ‘5)}""] 2 5.83 ** 5.20 ** 7.13 **
Irrigation (1)
ol sl 4 0.070 0.101 0.135
E (@)
u”il"“ 2 1.03 ** 0.300 ns 0.046 ns
“”EL’ 1 0.151 ns 0.363 ns 0.065 ns
39 X el 2 0.310 * 0.140 ns 0.073 ns
K *N
e 4 0.079 ns 0.137 ns 0.137 ns
ot 2 0.072 ns 0.061 ns 0.228 ns
X o X iy 4 0.050 ns 0.601 ns 0.106 ns
1 *K*N
P> b 30 0.080 0.226 0.099
E (b)
(%) cv - 10.3 17.2 121
B re pue NS o g o 3 Jb xe i Jopd ) e jd o pixe e
ns: non-significant *: significant in 5% level **: significant in 1% level
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Table 4- Mean comparisons of effect of irrigation levels on radiation use efficiency of blue panic grass in different cuts

Sl w235 ok Eris b ypan 3,5
Irrigation treatment radiation use efficiency
(e St 31 2025 ) (gMJ7)

Cumulative . . ]
eva(lporation from oy o °9 O Jol o
evaporation pan) 3rd cut 2nd cut 1st cut

3.16a 3.24a 3.33a
140 2.72Db 2.85b 2.70b
210 192¢c 2.18¢c 219c

Wl K05 b deopd iy g 3 (g0 gz BB oS i By S JBlas gyly (ola 1 SSle
Means that have at least one common letter have no significantly difference at 5%.
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Table 5- Mean comparisons of effect of nitrogen levels on radiation use efficiency of blue panic grass in the first cut

03955 355 xS B pan 21,8
N fertilizer radiation use efficiency
(kg ha) (@MJ™h)
0 249¢c
100 2.75b
200 2.97a

Wl 50085 b doyd gy pdaw )0 (I gime M (S e By S Blas (gl (olo Se
Means that have at least one common letter have no significantly difference at 5%.
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Table 6- Mean comparisons of interactions of nitrogen and potassium levels on radiation use efficiency of blue panic grass in
the first cut

Oari 355 ey 395 Grindd oo Al
N fertili%er K fertililzer ra;}?é::,qc;se

(kg ha®) (kg ha™) (gMJ?
0 0 2.36¢
100 2.63 bc
100 0 2.85ab
100 2.65b
200 0 2.85ab
100 3.10a

)85 5SS b oy iy ey (6 sine M oS e By Sy s sl sl Silie
Means that have at least one common letter have no significantly difference at 5%.
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Table 7- Analysis of variance for water use efficiency, nitrogen use efficiency and agronomic nitrogen efficiency of blue panic

grass
o e . Span 2,5 .
i galio ol anyy 03 s 2l V3o ol Spas )
5.0V df Agronomic nitrogen Bkl Water use
~ efficiency Nitrogen use efficiency
efficiency
S5
= 2 69.15 83.97 0.107
Replication
. d).k"”] 2 812.81 ns 11827.06 ** 12.50 **
Irrigation (1)
gl sl 4 147.52 57.37 0.026
E(a)
‘J’f\l"” 2 86.58 ns 60405.35 ** 0.995 **
“"EL“ 1 24.98 ns 38.62 ns 0.003 ns
09 X ol 2 60.60 ns 67.04 ns 0.126 ns
K*N
L"L*'I et 4 34119 * 1497.66 ** 0.334 **
e 2 674.03 ** 169.18 ns 0020 s
el X 3o X gl 4 432,59 ** 5420.70 ** 0.245 **
| *K*N
P> b 30 71.19 68.01 0.039
E (b)
(%) cv - 68.0 6.3 6.6
sz je NS Lo pd O o 3 )y pixe i Jopd Ve 50 o pixe e
ns: non-significant *: significant in 5% level **: significant in 1% level
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Table 8- Mean comparisons of interactions of irrigation, nitrogen and potassium levels on water use efficiency, nitrogen use
efficiency and agronomic nitrogen efficiency of blue panic grass

Skl w23, gobw s
Irrigation treatment 23 et B yan 8 & pan 1,5
3 e o) 039 395 ey 398 09X 05955 o
(a8 Sty N fertil!%er K fertili_zler Argl;i:?go;rr:lc Nitrogen use Water use
(Cumulative (kg ha™) (kg ha”) efficiegncy efficiency efficiency
evaporation from (kg kg") (kg kg') (kg m™)
evaporation pan)
0 0 - - 1.92e
100 - - 197e
70 100 0 15.71b 213.30 a 2.08 e
100 15.89b 218.80 a 213e
200 0 16.93b 115.72 de 225e
100 0.94 bc 102.38 ef 1.99e
0 0 - - 3.29cd
100 - - 3.06d
140 100 0 7.84c 165.54 b 3.14d
100 7.32 bc 168.36 b 3.20cd
200 0 0.82 bc 87.50¢e 3.32cd
100 16.53 b 97.06 fg 3.69b
0 0 - - 3.02d
100 - - 3.18cd
210 100 0 4041 a 14321c 421a
100 12.29b 120.48d 3.54 hc
200 0 13.45b 64.85h 381lb
100 16.51b 70.61 h 4.15a
Wl 0S5 b deoyd guy w50 (6)b pme BB (S ke B S Bl gyl gl 1 Sle
Means that have at least one common letter have no significantly difference at 5%.
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Table 9- Analysis of variance for dry matter yield of blue panic grass in different cuts

oS gl 6331 a5 Beme ggoom Pow O ©93 O Jol e
S.0.V df Total dry matter 3rd cut 2nd cut 1st cut
s 2 249.19 1154.94 17188.93 49.32
Replication
K 2 34367.59 ** 453496.97 ** 31752420 **  390788.32 **
Irrigation (1)
Jol sl 4 37.43 5303.10 6587.74 1922.42
E(a)
wﬁ“ 2 2181.75 ** 5622.23 ns 1911.42 ns 73258.43 **
“*;L’ 1 24.29 ns 2421.24 ns 8982.01 ns 8964.48 ns
w”lz i ’\T‘”L“ 2 4424 ns 3052.55 ns 1410.82 ns 9929.78 ns
el 0oy 4 303.92 ns 4534.83 ns 8281.34 ns 4634.54 ns
I *N
e 2 82.31 ns 823014ns  2710.86ns 363259 ns
R et 4 670.57 ** 6907.69ns  23012.72%  163437ns
g ‘fb”)” 30 73.99 4588.37 7394.95 311552
(%) CV - 5.07 28.11 25.04 26.56
B re pue NS 2oy O i 50 5 gime 1 2o ) aw )0y gme s

ns: non-significant

03 L5 s ool 3 Slos 51 gy 35 358 ) s
e I3l L (A Jaa) w35 Jla e Jol 2 0> 52554
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**: significant in 1% level
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Table 10- Mean comparisons of effect of irrigation levels on dry matter yield of blue panic grass in different cuts

Sl Zobaw

ae 3 o 90 SWis o3l 3 ,Sdos
Irrigation treatment Pow (p > S 03l 3,Shes 797 O Jol ome > Suid 23l 3,5es

Dry matter yield in the 3"cut Dry matter yield in the Dry matter yield in the 1%cut

(2028 yus) 2 2Mcut 2
(Cumulative evaporation) (mm) @m?) (@m? @m?)
70 683.52 a 709.37a 721.77 a
140 565.57 b 605.29 b 558.20 b
210 369.30 ¢ 445,68 ¢ 427.70 ¢

L6 0S5 b dopd g e ) (6 dxe MBSy By S JBlis gy (ola:SOle
Means that have at least one common letter have no significantly difference at 5%.
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Table 11- Mean comparisons of effect of nitrogen levels on radiation use efficiency of blue panic grass in the 1% cut

039545 395 SuiS 0ok 3,5es
N fertilizer Dry matter yield
(kg ha™) @m?
0 505.76 ¢
100 568.56 b
200 633.34a

)6 )05 b o pd B e j3 (gl pime BB S ke By S Bl gl)h sla 1Sl
Means that have at least one common letter have no significantly difference at 5%.
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Table 12- Mean comparisons of interactions of irrigation, nitrogen and potassium levels on dry matter yield of blue panic
grass in the 2" cut and total dry matter

d)lc“ w25y Tolw Suid odlo 3,Shas O S Suis o3l 3 Slos
Irrigation treatment 0595 395 by 395 ® R 293
(e S5 1 (02 o) N fertilizer K fertilizer - UTdEM J Dry matter yield in the

(Cumulative evaporation (kg ha™) (kg ha™) otal dry matter 2"cut
from evaporation pan) (gm?) (gm?

0 0 1975.87 d 675.26 a-e

100 2029.00 cd 707.07 a-d

70 100 0 2132.98 be 726.44 a-c

100 2187.94 ab 759.66 ab

200 0 231443 a 798.02 a

100 2047.65 b-d 589.74 c-g

0 0 1733.72 ¢ 622.23 b-f

100 1610.47 ¢ 539.48 e-h

140 100 0 1655.38 e 568.88 c-g

100 1683.62 ¢ 607.70 b-f

200 0 1750.08 e 623.71 b-f

100 1941.13 d 669.75 a-e
0 0 1027.96 i 369.71 i

100 1081.94 hi 381.58 hi

210 100 0 1432.08 f 554.87 d-g

100 1204.85 gh 427.77 g-i

200 0 1297.02 fg 457.95 f-i

100 1412.18 f 482.17 f-i

W5l 50085 b doyd ey prdaw )0 (I gime MR (S e By S JBlas (g (olo 1 Sle
Means that have at least one common letter have no significantly difference at 5%.
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Introduction

Severe water shortage is one of the major challenges of agricultural sector in arid and semi-arid region.
Optimal use of water resources, along with improving the efficiency of nutrient elements under drought
conditions, will increase or stabilize crop yield. Forage production using plant species with low water
requirement and adapted to low quality waters is a sustainable strategy for fodder production in dry areas. Blue
panic grass (Panicum antidotale Retz.) is a halophytic crop plant, which is water productive and adapted to
tropical conditions. This study was carried out to investigate the effects of drought stress, nitrogen and potassium
on some physiological characteristics and dry matter yield of blue panic grass in Birjand, South-Khorasan
province of Iran.

Materials and Methods

This study was conducted as a split-factorial experiment with three replications using a randomized complete
block design at the Research Field of Islamic Azad University of Birjand. Irrigation was considered as the main
factor at three levels based on cumulative evaporation from evaporation pan class A (70, 140 and 210 mm),
nitrogen fertilizer was applied in three levels based on soil test including zero, 50% (100 kg ha™) and 100% (200
kg ha) of recommended N. Potassium was applied in two levels (zero and 100 kg ha™). Blue panic grass is
perennial and in the first year, most of the photosynthetic assimilate are being used for the establishment of the
plant; Hence, treatments were imposed in the second year of the experiment. During the growing season,
radiation use efficiency and water use efficiency calculated three times during the growing season. Dry matter
accumulation was measured at the final harvest. In addition, nitrogen use efficiency and agronomic nitrogen
efficiency were calculated based on the consumed nitrogen fertilizer during the growing season and total dry
matter harvested during the growing season.

Results and Discussion

Results showed that under water stress conditions the radiation use efficiency decreased, while, water use
efficiency increased. We concluded that providing enough water and nutrients can increase dry matter
production and radiation use efficiency. Application of nitrogen and potassium fertilizers under severe water
stress conditions led to an increasing water use efficiency. Application of higher levels of nitrogen reduced
nitrogen use efficiency.

Conclusions

Blue panic grass showed good performance under water stress conditions. Results indicated that application
of nitrogen and potassium fertilizers under water stress conditions could mitigate the adverse effects of drought
stress and increase nitrogen and water use efficiency.
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Table 2- Comparison of means between stress levels and different ecotypes of Ae. triuncialis, under drought stress
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Eéotypes Grain Plant Peduncle Spike grain 100 Root length ~ Root voslume
yield (g) length (cm) length (cm) length (cm) weight (g) (cm) (cm?)
&l Ahar 0.15bc 36.77c 10.30cd 4.75b 0.39cd 24.24abc 1.45b

oSie Meshkin 0.16bc 42.34b 13.92ab 5.43a 0.66bc 27.86abc 0.6b

55k Maku 0.18b 42.95b 12.38abc 4.68b 0.70b 22.66¢ 0.57b
%, Marand 0.16bc 30.27d 8.52de 4.85b 0.46bcd 26.29abc 2.92a
59 ,in Hashtrood 0.22a 40.55b 12.11bc 5.41a 2.17a 29.41a 1.06b
owes Namin 0.13c 32.55d 8.05e 4.61b 0.20d 22.93bc 0.68b
3l,9a Horand 0.16bc 51.13a 14.53a 4.94b 0.63bc 26.32abc 3.18a
zS Karaj 0.15bc 43.46b 13.61ab 5b 0.52bc 28.14ab 1.13b
sals Normal 0.27a 44.41a 14.59 5.49a 1.16a 22.85b 1.97a
T, 0.087c 33.99c 8.75¢c 4.20c 0.18c 30.27a 0.95b
T, 0.14b 41.61b 11.69b 5.02b 0.42b 24.83b 1.43ab
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Means with the same letter in each column and each factor are not significantly different in 5% probability.
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Table 3- Mean comparison of interaction between ecotypes and drought stress on parameters of Ae. Triuncialis
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Irrigation Ecotypes eSS e Plantdry  Dryweight  Chlorophyll WS RWC
evel Fy/Fy (ms™) per spike weight (g)  per spike (g) index (mmol ms™) (%)
,al Ahar 0.803a 6.66ab 4.96a 0.173bc 54.9cd 44.88d 81.65b
oxSeie Meshkin 0.786ab 7.66a 3.47bcd 0.127hc 46.94ijkI 52.10c 54.87ij
sSk Maku 0.790a 6.56ab 4.07abc 0.398a 53.66de 79.47a 79.41bc
wls %, Marand 0.8000a 8.00a 4.64ab 0.173bc 61.1b 52.40c 75.18d
Normal 54,miaHashtrood 0.797a 8.00a 4.08abc 0.500a 56.7c 66.45b 58.89hi
e Namin 0.780abc 6.66ab 2.77def 0.213b 56.33cd 48.27cd 76.48cd
x1,0 Horand 0.803a 6.51ab 2.76def 0.220b 56.05cd 64.97b 88.17a
z,S Karaj 0.784a 7.61a 3.38cd 0.143bc 66.15a 48.25cd 66.95e
sl Ahar 0.645e 1.66h 2.75def 0.08bc 47.09ijkl 31.65ghi 42.96mn
i Meshkin 0.763abc 2.66¢efg 0.397ik 0.063cd 42.56mn 33.97fgh 46.09Im
Sl Maku 0.775abc 2.33efgh 0.987k 0.05de 49.57fghi 39.20e 66.40ef
- %, Marand 0.770abc 2.00gh 1.62fgh 0.073bc 50.4fgh 28.17i 65.24efg
! 5,uiaHashtrood 0.760abc 3.66def 1.58fgh 0.113bc 47.57hijk 27.95i 45.68lm
o5 Namin 0.580f 1.47i 1.01j 0.015de 36.330 19.75j 41.11n
x1)4» Horand 0.773abc 2.93ef 1.04j 0.079bc 48.45ghij 28.65hi 61.81gh
zs Kargj 0.773a 1.00i 1.10ij 0.047de 40.88n 38.33ef 62.70fgh
sl Ahar 0.680e 3.33def 3.32cd 0.117bc 48.67ghij 31.55ghi 50.89jk
oo Meshkin 0.770abc 3.30def 1.33ghi 0.14bc 44.46Ilm 18.38j 47.17kl
Sl Maku 0.76babc 3.66de 1.12hi 0.163bc 50.86fg 34.85efg 66.23ef
- %, Marand 0.736bc 3.58de 2.49def 0.113c 46.25jkl 31.81ghi 66.92¢
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owes Namin 0.683de 1.83h 2.03fg 0.063cd 45.05kIlm 19.20j 43.95Imn
x1)40 Horand 0.753abc 4.28cd 2.77cde 0.157bc 52.13¢ef 29.05hi 65.55efg
z,S Karaj 0.733cd 3.60de 3.19cd 0.110bc 48.92ghij 22.75j 44.74lmn
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Means followed by the same letters in each column, are non significantly different (P=0.05) according to Lsmeans test.
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Table 4- Decreasing percent of traits values for studied ecotypes of Ae. Triuncialis
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Ay Jobo Root length (cm) 22.85 30.27 24.83 -32.45 -8.65
Ay poe> Root volume (cm?) 1.97 0.95 1.43 51.6 27.42
ady) Ss Root dry weight (g) 0.32 0.20 0.22 37.58 318
G SS yjg Plant dry weight (g) 3.77 1.23 2.04 67.22 45.67
s S8 9 Dry weight per spike (g) 0.24 0.06 0.12 74.67 59.66
i 5 il slas N“mbersgfifgains per 7.41 1.56 3.45 78.93 73.91
Gy glas)| Plant length(cm) 444 339 41.6 234 6.30
JSoly Jobo Peduncle length (cm) 145 8.70 1.60 40.00 19.80
it Job Spike length (cm) 5.400 4.200 5.02 23.40 8.56
&l 5,Sas Grain yield 0.69 0.07 0.18 89.18 73.91
VAR grain 100 weight (g) 1.16 0.18 0.42 84.23 63.23
Pl 28es Judly Fv/Fm (ms) 0.80 0.71 0.72 13.75 10.10
(Fv/Fm)
Sl a3ls Spad index 54.19 53.16 54.12 0.93 0.14
i) calin e Ston(’rﬁo"lor’;‘_jz‘gﬁt)a”ce 46.6 46.4 463 0.46 0.53
o o (ggima RWC (%) 72.7 54 54.09 25.72 25.59
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Introduction

Drought stress is the most important and common environmental stress that annually bring huge damage to

crops in the world and especially in Iran, which is considered as an arid and semi-arid country. Nowadays, most
plants breeding plans for resistance against drought and preparing resistant species are to achieve favorable yield
in arid environments and are based on recognizing morpho-physiological and biochemical traits and involved
genes and transforming them to cultivars. There is a genetic diversity regarding resistance against aridity among
Aegilops species that can be used to improve resistance against aridity in wheat during different stages of
reproduction and plant growth.

Materials and Methods

This investigation was performed in green house of Agricultural Faculty in University of Mohaghegh
Ardabili on 2011 in order to survey the effects of aridity stress and study the traits related to resistance in eight
ecotypes of Aegilops triuncialis (ecotypes of Maku, Marand, Hashtrud, Namin, Hurand, Karaj, Meshkin and
Ahar). The experiment was performed in three replications as factorial and based on completely randomized
design. Different stages of irrigation including full irrigation as control, cutting of irrigation from booting (T,),
(zadoks stage 45) and from 50% spike emergence (T,) (zadoks stage 55) to maturity were considered as water
stress levels. Studied morphological traits include plant height (cm), plant dry weight (g), peduncle length (cm),
spike length (cm), number of grains in spike, weight of grains per spike (g), 100 grain weight (g), spike dry
weigh (g), root length and root mass. Chlorophyll content was measured by SPAD-502 machine. In order to
measure fluorescence content of chlorophyll, OSI 30 machine of ADC Bioscietific Company and to measure
stomatal conductance leaf porometer (SC-1 model) were used. Data analysis was performed by SAS ver.9.1
software and cutting was done in case of significant interactive effect. Mean comparison was done by Lsmeans
test at probability level of 5%.

Results and Discussion

Water stress decreased all evaluated traits especially grain yield (89%). Water stress condition, by damaging
photosynthesis system, reduced photochemical efficiency of PS Il and chlorophyll index. Stomatal conductance
rate reduced by 46% at booting stage and 55% at spike emergence and also decreased relative water content by
26% compared to normal circumstances. Although drought stress application in the experiment decreased grain
yield in ecotypes compared to no stress conditions, some ecotypes like Hashtrud, Hurand and Maku could resist
stress conditions and showed less grain yield decrease in comparison to the others. Ecotypes of Hashtrud,
Marand, Meshkin could supply their necessary moisture from deep soil by increasing their root length. Ecotypes
with higher ratio of Fv/Fm and less chlorophyll index decrease under stress condition could have less grain yield
decrease. It seems that superiority of Hashtrud, Hurand and Maku ecotypes in stress conditions compared to
other ecotypes could be due to these characteristics.

Conclusions

Terminal drought results in reduced growth period, length, peduncle length, main panicle length and also
reduced grain yield. Drought stress by damaging photosynthesis system and decreased photosynthesis and
chlorophyll and limiting photosynthesis allocations of grains under stress condition decreases their weight and
finally their yield.

Keywords: Drought stress, Fluorescence chlorophyll, Grain yield, Stomatal conductance
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Table 1- Rates and coefficients for treatments based on
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X1 and X,: indicate independent variables of nitrogen and
plant density, respectively.
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Table 2- Physical and chemical properties of soil
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1- Full quadratic regression
2- Lack of-fit
3- RMSE: Root mean square error
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Table 4- Regression coefficients and R? for full quadratic model: Y=ag+a;X;+a,X,+asX; > +a,X;,>+asX X,

ol p polie
Coefficient values R’
2] a a a3 2! as
So5elgm 2 ySlas 2793 105.6 1.25 -2.741 0.0152 -0.0423 90.31
Biological yield
4l 5 Slos 1006.5 28.74 -0.12 -0.772 0.00687 -0.0107 89.28
Seed yield
&l a5 2.940 0.0063 0.00407 -0.000276 0.000015 -0.000050 80.98
1000-seed weight
S 29.14 0.1066 0.0432 000341 0000093  -0.000167 8587
Seed number per
capsule
Sy 3 Jyuss Sl 104.17 -0.654 0.0309 -0.03575 0.000183 0.001167 99.81
Capsule number ' ' ' ' ' ' '
per plant
09y Mo pd 50.983 -0.532 -0.0169 0.00822 -0.000123 0.000250 87.75
Oil percentage
Oy 3,Slas 532.9 5.61 -0.332 -0.2266 0.00192 0.0005 89.23
Oil yield
gy Aoy 17.846 0.4412 0.0157 -0.007170 0.000143 -0.000503 88.86
Protein content
gz ,Slas 164.9 12.39 0.22 -0.2745 0.00306 -0.01007 89.23
Protein yield

S (5955 5 By o515 e (gl pite adimd lid iy DX 5 Xy
X1 and X;: indicate independent variables of nitrogen and plant density, respectively.
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Table 5- Comparison of observed and predicted values of sesame yield as affected by nitrogen and plant density levels

Sl s, Slas S 3 400 S L
B UL ) g S aails sl ; . .
Jed ."ﬁjs.ﬁ " 4y 2Sles ah Jix g o &g OF3y eyt gyt deyd
Treatment Biological yield Seed yield (kgha') L000-seed weight (g) Seed number per 0il percentage Protein percentage
(ighad) ] capsule Capsule Plllumberper
ant
X X 8 K L?"J‘L:“'J' i adalls LF‘JUMJ bl adalls "wJUA‘J sidnialls d“JU*J sidadalls L?“JU*J i adalls LF'JUA‘J il odslls L?"J‘L:“'J'
! - . M:" Ohbserved e"‘:“' Observed ed:“' Observed M.“' Observed N:“' Ohbserved eJ:“' Observed M:"
Observed  Predicted Predicted Predicted Predicted Predicted Predicted Predicted
10 0 337411 33749 123162 1216.7 3 198 303 2987 100 0994 46.67 4649 2132 2134
L0 0 261121 26314 91392 8209 165 275 28 2793 U 4435 43 42.86 2397 2402
10 100 385066 38096 129633 12627 333 348 333 3493 106 106 4368 4382 4.7 24.04
40 100 276085 27392 946.62 93438 303 3 323 3233 333 3304 4077 4094 2331 25.01
10 50 361264 365423 1173161 122233 31 319 31 3217 1025 1025 4541 4546 22352 1243
L] 30 264343 26473 90433 91068 3035 189 30 30.01 493 4869 4224 412 23.02 2416
15 0 373906 371988 123389 12423 3 193 29 2967 203 20.19 415 1282 2467 2439
75 100 3R2628 389113 122607 127243 333 336 34 3451 283 28.03 4083 4053 2511 26.14
15 50 373374 37675 123113 12403 31 31 313 31.86 g3 8363 40.89 4198 25.84 2491
15 50 399964 37675 132032 12403 303 31 313 31.86 833 2363 4187 4198 2499 2491
25 50 3742 37673 1222 12403 303 31 323 31.26 835 2363 4257 4198 2478 2491
15 30 37913 37673 12434 12403 3035 31 31 31.86 843 8363 4193 4198 2482 2491
15 30 361182 37673 1237 12403 303 3.1 32 31.86 g3 2363 42.66 4198 24.29 2491
RISy [_;I_i.k 2 .;;3' Jg.f: LT ia..a‘;a 3 :\59.;: I,,S“J \_'ﬁ'_...o L;IR‘-‘.LO .}Lk)c'.i.} iy ;{;BX]
X and X;: indicate mdependent vanables such as nitrogen and plant density, respectively.
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Figure 1- Response surface model for capsule number per plant (A), seed number per capsule (B), 1000-seed weight (C) and
seed yield (D) of sesame affected as plant density and nitrogen fertilizer
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Figure 2- Response surface model for biological yield of sesame affected as plant density and nitrogen fertilizer
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Figure 3- Response surface model for Oil content (A) and Protein content (B) of sesame affected as plant density and nitrogen
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Introduction

Sesame (Sesamum indicum L.) is known as the king of oil seeds due to the high oil content (50-60%) of its
seed. Nitrogen (N) is one of the most important nutrients in crop production systems. Excessive use of N in crop
production causes a declining trend in nitrogen use efficiency (NUE). It has been reported that not more than
33% of N applied is used by the plant, while the remainder is lost and causes environmental pollution as well as
emission of greenhouse. Optimization of nitrogen and plant density is a management approach to conserve
resources and decline environmental pollutions. Response surface methodology (RSM) is defined as a set of
mathematical and statistical techniques that are used to develop, to improve or to optimize a product. RSM is a
statistical method for optimization of multiple factors which determine optimum process conditions by
combining experimental designs. In this work, optimization of nitrogen fertilizer and plant density of sesame
using central composite design for Response surface methodology was done.

Materials and Methods

This research was conducted using central composite design with 13 treatments and two replications at the
Research Field of Ferdowsi University of Mashhad during the growing season of 2015-2016. The treatments
were allocated based on low and high levels of plant density (10 and 40 plants.m™, respectively) and nitrogen (0
and 100 kg Urea ha™, respectively). Plant height, yield components, seed yield, blological yield, harvest index,
oil percentage, oil yield, protein percentage and, protein yield were calculated as dependent variables and
changes of these variables were evaluated by a regression model. Lack-of-fit test was used to evaluate the quality
of the fitted model. The adequacy of the model was tested by analysis of variance. In general, the full quadratic
polynomial equation was tested to determine the significance of the model and the component of the model
(linear, squared first-order interaction terms). The quality of the fitted model was judged using the determination
coefficient (R?).

Results and Discussion

The results showed that effect of linear component was significant on all studied characteristics. Effect of
square component was significant on all studied criteria except harvest index, seed No. per capsule and 1000-
seed weight. Interaction effect of full quadratic was significant on plant height, seed No. per plant and protein
percentage. Lack of fit test had no significant effect on the studied traits. The full square model for the response
variables gave insignificant lack-of-fit indicating that the data of experimental were satlsfactorlly explalned The
highest estlmated and observed values of seed yield were obtalned for 25 plants.m? and 50 kg Urea ha™ and 25
plants.m™ and 100 kg Urea ha™* with 1320.5 and 1272.4 kg.ha™ respectlvely The highest estimated values of oil
percenta%e and protein percentage were obtalned for 10 plants.m™ and without Urea application (46. 7%) and 40
plants. m’ and 100 kg Urea ha™ kg Urea ha* (25.3%) and these maX|mum observed amounts were recorded in 10
plants.m™ and without Urea application (46.5%) and 40 plants.m? and 100 kg Urea ha™ kg Urea ha™ (25.0%),
respectively.
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Conclusions

The slope of seed yield increased by an increase in density up to 25 plants.m? and was higher under high
levels of N fertilizer (optimum level= 50 kg Urea ha™) than under low levels, because the plant growth was
improved in high amount of N fertilizer and resulted in high yield components and seed yield. Therefore, the
effect of plant density on yield improvement could be increased at high levels of N fertilizer which clearly
suggest the importance of N for higher seed production in sesame. In general, it seems that resource use
optimization based on the central composite design may be suitable cropping approach for sustainable
production of sesame.
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b aezlye Jdoar LS & pglie )l &) Cond (ol puiS )|
o> diono ol 8l (ilS i g st Wla] losS i
9 38) 0y93 Jsbo (il 3 2lel slo)S i i 4 ) rals
G ok O G e calio Llpd b oS gty
Laghari et al., ) sawl 5,8 ases o LAL (50]58] pdisce
Wl 5158 1 piS oLS ,5 (Khan et al., 2008) o, 4 (2010
Jsb l3dl 55 poie ol G5 U 1y Gial33l cul s e o
by gl Sbplil awg gl (S5 cuop 5 0y 09
&S o a1y 59d e cladl ol ialel zols sl

SO Sl Al SBCdl oy, e b ol Pliwd Kby  Feoal  Zngg,
E.C pH Soil Clay Silt Sand o.C (mgkg?) (mgkg?) (mgkg?) (mgkg?)
(dS m™) texture (%) (%) (%) (%)
5.80 7.64 Silty clay 47 42 11 0.92 18.60 140 2.80 0.63
0500l y b s 33 (Wialol 2590 b 33 wlinilgn ol Hlof - Y Jgua
Table 2- Weather station statistics during the experimental period in Ramhormoz city
I slod (ke
Mean of air temperature (°C)
slo P Jlas o Cugby Sy
Month Maximum Minimum RH (%) Precipitation (mm)
November QU 315 17.2 42 20.7
December 3l 25.3 11.1 59 86.4
January (¢ 18.1 8.8 67 67.7
February v 19 9.1 62 49.7
March il 24.7 12.2 52 40.4
ADIL (3,55 325 16.7 43 294
May cuigs)! 38.1 23.2 43 29.6
Obis (ials jadld cpl g 83,5 (03 9 (A5 2)) 4 g9y S Cow g W
wielie ol 55 (Modhej and Fathi, 2008) o ¢ godo w0 (LAI) 5 s ebass pmiLit

cuslS gl Blie 315 e 48 3l ol eyl o0 gl

Shdslne (il )b Jlite 5 (ol @il 4l @us o8
Loy Sy Jleinl gaw )3 LAL oS 085 9 59y 5 el
gohe Jlie Ol (She alie (T Joio) W39 b dxe
Sl & o ol puS LAL 5 il lajley cilie
Cos Y gl 08y 9 9y (Bbdslne lie SISl LAL Gl
Jize il > ol e g (FIV7) ube cdlS gl
3l il gyl cou iy 68y 5 (als) o (sl Jslke
Ol ooyt ol islajl 1 (0 Joda) sel candas (Y/YY)
Ao ST L g o 5l e g 5 oo SLadles S alsye 55 LA
5 Jito aily & Sy 0 odd 0p53d JSdme dlge il ud
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Table 3- Analysis of variance (Mean of squares) physiological growth indices two cultivars of bread wheat affected by of
experimental treatments

Olpis ilie 4259 Thw 028l S mhaplyy W S g My CEpw e Gy
S.0V d.f ol LAl S LAD CGR Jgazo RGR o NAR ,alls
(Block) <4 2 0.0007"™ 27.5747™ 5.1082" 0.000073™ 0.0007"™
(A) csls gk 1 13.7174™ 548061.4321" 138.5160™ 0.000588™ 0.0620"
(Ea)a clas 2 0.0215 210.4966 0.4987 0.000017 0.0014
(B) b Jsle 3 1.4963™ 15215.3986™" 66.9815™ 0.000859" 0.1130™
AxB 3 0.1248™ 2986.3734" 7.9401" 0.000013"™ 0.0126"™
(Eb)b cls 12 0.0060 48.0499 1.3501 0.000003 0.0101
(C) p5 o8, 1 0.2523™ 2595.2855™ 6.0776™ 0.000560" 0.0132™
AxC 1 0.0200™ 471.0654" 6.5564" 0.000004™ 0.0301™
BxC 3 2.0048 20248.1319 113.3594 0.001364 0.1679
AxBxC 3 0.1267™ 3369.3176™ 6.5168" 0.000042" 0.0165™
(Ec)C las 16 0.0108 82.1904 1.5399 0.000006 0.0111
CV% 3.2 2.8 10.9 4.0 11.8
Lo pd S g dopd gy Jlein ] o )3 (39 5 ixe g 45 xe puf T Say 4 F NS

ns, * and **: Non significant and significant at P<0.05 and P<0.01, respectively
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Table 4- Analysis of variance (Mean of squares) chlorophyll fluorescence parameters and grain yield two cultivars of bread
wheat affected by of experimental treatments

Ol s 2alio a0 3,5os ySlas 5095155 3 Slos 3 Slos SSlas ewgels 3 Slos
SOV G5l M phngid ogilsS gl Fhe  lmwigid (o0gilsS  olownigid pud ail>
df el S5l byl > (@PSI) I S5k kylyud 3 11 (NPQ) (Grain yield)
(Fv/Fm) (o 6 4 (stlindgy b o
(Fv'/Fm’)
(Block) oL, 2 0.00002379"™ 0.00028846"™ 0.00002486"™ 0.00000701"™ 0.45™
(A) csls g, 1 0.00578602" 0.01624352" 0.00856002" 0.11960033”  31048585.98"
(Ea)a slas 2 0.00001327 0.00006652 0.00004190 0.00000515 53.54
(B) sk Jsloxo 3 0.00147891™ 0.01110924™ 0.00864930™ 0.00034453™  2858344.42"
AxB 3 0.00002041"™ 0.00029658" 0.00004369"™ 0.00001511" 224269.74”
(Eb) b (slas 12 0.00000347 0.00005472 0.00003974 0.00000109 23598.65
(C) p5 o8, 1 0.00047502" 0.00162169™ 0.00225502" 0.00009633™ 145959.99"
AxC 1 0.00002002" 0.00028519™ 0.00000919"™ 0.00000208"™ 31.20"
BxC 3 0.00388685 0.01199430” 0.00817024” 0.00097289”  3255199.99
AxBxC 3 0.00008431 0.00028835 0.00026508 0.00002364 312159.90
(Ec)C las 16 0.00000679 0.00008085 0.00010671 0.00000231 14505.37
CV% 1.3 1.2 1.3 1.4 12.6
Lo > S5 g doyd gy Jleio g j3 (1392 o dxe g b re pd i g FF 5 NS
ns, * and **: Non significant and significant at P<0.05 and P<0.01, respectively
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Hze 515 ol ieS 5 (g) 0 @pe seble OYY/ES)
b Bl @b cou iy o) g (L) o (Sl g
Oilel 53 (0 Jgaz) el cawsay (j) 5> @ye yra Bl YA-/-Y)
Lol 05 odnlie JLidlod S alsyo 15 LAD lie oy yidhs cpdls
bab 4 S, glowsd dlge JEsl Jdoas dlsye opl 51
(Modhej and > g goto 3l slis ,tals LA 5l LAD

S gy Jlite 311 b o5 3 olts il ly 8 s

Olpl als (aop gy Jis! maw 3 (25 40 Gxe) pAS o8 o
PAS 685 5 (59) 9 memly (bl Jolne B 70,b blite o Lol
(¥ Jodz) Loy s pre doy S s maw 3 LAD
2 ool sbles ciliie pobaw Jlite Il (1Sl duslia
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Laghari et al., ) pawls 5L glxe b o Liol53l 4 (@l., 1990
ol g Ll ) ske (Abdoli et al., 2014) 4, o (2010

Al eyl iolejl goli eaiSugli g e3g loj 4 o LAI

ostizee cplash bl |y elis ls o Fathi, 2008)
©Ngy &S Cawl loj 4y Cunnd LAL jlon LAD a5 aisly (5158
sy g b gl wely o edls pl Gl b alie
Ohler g (glen] e 295 e Bl 4 Slables S
ooy @b b g Cute (Siuses o (Ahmadi et al., 2011)
Al bl pdise ) 0, 5155 paiS plB)) LAD 4 LAI
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Table 5- Comparison of mean physiological growth indices two cultivars of bread wheat affected by of experimental

treatments
CwlS b " i s L Thw 0l b G ey S
Planting date o ‘Jsbm ) ”'e_’ S o o LAD Sy  CGR Jgmase RGR o
Foliar application Cultivar : 2 Pyt R
LAI (cm*day) (gm?day?) (gg*'day™)
o e 3.06° 348.24° 8.00%" 0.024
(12l3) o Pishtaz
Water (Control) ¥ olez 3.19% 361.85° 9,83 0.027°"
Chamran 2 ' ' ' ’
oy 412 468.37° 18.63° 0.045%
pow Pishtaz
ke 315 o Potassium Ch‘ olrz , 33 376.97 9.94° 0.032%
Optimum planting date ?gin
I 3.53¢ 401.54° 10.35° 0.027¢
) Pishtaz
Zinc Vol 4.70° 533.46° 15.82° 0.040%
Chamran 2
S 3.49° 396.41° 12.58¢ 0.034%
$9y T el Pishtaz
Potassium + Zinc Y ol 4.59° 522 172 1920 0.047°
Chamran 2 ' ' ' '
Sy i i h g
o - 2.27 180.02 6.58 0.020
(sals) ol Pishtaz
Water (Control) ¥ olez 2.35" 186.06" 7.44" 0.022
Chamran 2 ' ' ' '
ey 3.02° 239.34' 11.20% 0.025
o Pishtaz
b cals gl Potassium cr:aﬁ?; , 2.43%h 192.80%" 7.53" 0.023
Late planting date ek
s 2.58Y 204.119 8.69%" 0.024™
$9) Pishtaz
Zinc Vol 3.18% 252.25f 13.26% 0.024%
Chamran 2
Sl 2.46%" 194.90%" 757" 0.024
Sy + pamlty Pishtaz
Potassium + Zinc Y ol 316 249.79' 14.99% 0.034°
Chamran 2 ' ' ' ]
LSD 5% 0.158 14.30 2.16 0.006

B, LSD ig) 4 o3 0 Jles ] pdaws )3 (g)b sime @igld5 S yidie By s gl o pSilo gt
Means in each column followed by similar letters are not significantly different at 0.05 probability level using of LSD.
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FEV i) S5gda b s aslis 32 595 3 ey (AL Jgkno 1

Sedl il elS gy Jdsa a3, Juab slel )3 5 0 ol
2ol el (ud Gbgie o Mg b jials ( Slsle
RGR (i oial) 5 olgy slophil & (gjiimgd Slge arass
Apwy PS5 ADy Jad (b 0k e ppeS 4
oo by wbame MBI (Hooshmandi, 2015)  saiedion
(Rahimi, o) .2,8 5,155 RGR p puS calisee slacuiss]
<l il anS RGR cusls ;o p8b b oS sy olis 2012)
Motaghi ) wawlss 3,8 &8 wiily jlebl (o)l Cpidie i
<250 (Mohsin et al., 2014) ¢4, 5 (and Saki Nejad, 2014

9 oniione Slaasil by (il s )5 RGR Ll
ably Sled e
(NAR) palla Gia cs

gyl ool iyl 51 e a8 ol lis wsbjly asjzs muls
liy (Bl sl Blite Sl 5 (595 5 mawly (oShslre 5 clS
B 38 b Mo 5 Lol Sl S 08, 5 53, 5
s Ko Jlsl gdas 5 NAR 235 03 5 (53, 5 el
Dlite il ke awslio (¥ Jodo) Mg Jb bz pe Ao yd
NAR j pa5 03 5 69y 5 el (ibJglne il zolaw
Sbgome Blite 31 )3 NAR (lie o5t o o gl pus
9 (9) »® Spaw @y sio g p)S YV Y Glpex o859 )
St o8) 5 (ld) O g blie g1 > ol (568
£ giz) sl casdes (j) 9 Sy o @y o 2 p)5 +INVO)
oloj) puS lidles S alsye 3 NAR lie yils ilojl 5
Ot Jg3 89y o 31 Bty 38 Jolye 4 G (50240900
203)5 s |y (Jo 99y cnl 95 9 ety 28 (Jl cnl b ol
a8 il kbl (Modhej and Fathi, 2008)  owé 5 godo
LSy o il cleay puiS 03,y adsl Jslye 13 NAR e
Olidl cleay 5 dy doldl b gy 095 liee ySlus 13 o2 (5 p
o e NAR ke ol Vb oSy (sl
g ilBlale o Sl e Gl cdea A8y Juad Bl 3 5 <8l
3 tno Slge JS) o] Blete 5 0453 Sitogid S s Si0lS
(Haider, 2007) ,an .dw) 355 jlde Jolis & laash 4 Sy,
ol el ilsal puS olS NAR cusls j3 3l b as sl 3,18
NAR il s el Sleden Sialejl onl gl b of assly
» &ls) COR 5 g (8l b Glge 1) ptalefl ool
Fo b &) Cans alio €3l Gyl o (NAR ahles yuS &g
L NAR &5 0s 555 cpmined o bagye ol cusls
&3y 5 (Motaghi and Saki Nejad, 2014) yewly 5l Jsbro
1 390 Wl o &S by lis i)8l (Mohsin et al., 2014)
Al ol islel gl

G Cos ¥ gl 08y 5 oyt el (oSh gl Jlite
ol 05 5 (55 2 o5 @ e 2 p5 VUVY) canlie S
&b cov iy ofy o (seld) O 3l gl e 51 5
sl sty () 2 cwej @ o 2 £S5 FIOA) syl cudls
dbye > COR lie oayidy psl Galojl 3 (0 Jga2)
Db ol ials jasls ol ol 5l e g A5 osalie Slisles S
S )l ) elie gbs 50 (Hooshmandi, 2015) sxiedsn
buwg odd Gl b jlde g COR oy a8 ol (5,155 s ()]
dobdl b aS gysbdy by 23y paine dyly olS S sl Sy
oial33 CGR (LAI) il sausScdl yd mdow yili8l ¢ olS i,
O 3l 9 4y 993 Oliee iShe 4y SLadles ) als po 53 5 Ly
Gl ous ials g LA ials ey wisy olasl Jolpe 5o
95 533 COR oSy gy 5 Lol Ll Jl sl b
2 el bl e e« ol by (Hooshmandi, 2015) sl L
ly COR Wl o 395 ol plgd g LAl iuliél coge a5 ole
# 3UL ol ples o LAL als sls ilosl jo sy iuljl
ol owlsél 4 (Dhyani et al., 2013; Blye et al., 1990) cusls
&9, 5 (Jahanbin et al., 2015) ol 5L Jslre b o yasli
UiblS saiS A g5 Wlg e &S gy dapaie (Mohsin et al., 2014)

A5l 398 b las Jlasl does 3 CGR iul3dl o

(ROR) (opesds wiliy a8y
CudlS Zo,b Jlite S1 51 oS ol (L byl @i @l
PAS 03 9 CdlS Zo)b blite S5 g9y 9 mawl (oBb sl 4
959 9 el (b gbre (dlS )b lite 5 Lol 5l 48
Jgia) 9392 53 ine 20> S Jleinl o 13 RGR yy p57 05,
2 Ohilejl gloslog iliee gl lite S5 (S0l dunglio (¥
Dbl 5l ;0 RGR e oy &S db lis pa5 RGR
CllS )b cos Vo gler o) 9 o) + el (oSbJglne
Jlize 3 ol S 5 Gy 2 25 5 S +1o¥Y) sl
b cals f)b cov iy o) 5 (wls) of sl sk
oilel 3 (0 Jgsz) ael cunsay (39) 3 p)S » pS <Y
(o3 piges loj) paiS (SLaSlod)S" Alapo y3 RGR (lje 3>
o b b ol Ja5 syl 5l Gt sy Jole 4 s
5 obaly ol (ials 1) (Jo gy nl 59 5 mawly 38 929
» &8ss bl (Panahyan and Jamaati, 2009)  cele>
Joa bl 15 fob dbje Sl s g ad) b sl
Sois ey 3 g WSy 4 ok Mg Suis oole IS ol
S9) 2 Sy S ilulls (alS anal 900 4 )9 yule
@54 939 YL ROR (50 58 s g pald o S0
28l gy ROR (i (LS by (8 oSlpe Jidsa
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Table 6- Comparison of mean NAR two cultivars of bread wheat affected by of potassium and zinc foliar application

il gl o) oAb i ey
Foliar application Cultivar NAR(g m? day?)
('\""L‘:‘) “.j by c
Water (Control) Pishtaz 0115
Y oler 0.198°
Chamran 2
A~ Sy 0.214°
Potassium Pishtaz
Y ol c
; 0.199
Chamran 2
Zinc Pishtaz
Yooz 0.249%
Chamran 2
St W““l"' )L""‘“" 0 197b
Potassium + Zinc Pishtaz '
Y olez 0.220%
Chamran 2
LSD 5% 0.030

55,5 LSD g, 4 o3 0 Jlets] o )3 (g)b e iglds S ytie gy (gl (slapSilo gt g
Means in each column followed by similar letters are not significantly different at 0.05 probability level using of LSD.

O L1y 59y 9 maly Bl slone 58T cos FVIFM a8l
s olul 5 Gheslal clss Wy bjles ol
Wu et al., 2005; Waraich et al., ) cuily laspe A5sSMS
(ROS) b y35u51 glil jl o3b capus] 20l Cngo 45 (2012
0ShoS” dloril (g slanSdieS g 09I JUi) 0y 4
D5 g | g (2iSlg 58 50 ¢ (OEC) oy5mST oaiSsljl
(®PSII) 1 alcwscs 538 5 3o o0 9330 45 o ySlac

sl )b Jlite 151 e o8 oy (lis (pib)ly 435 gl
e Jona IS o b Wit ol S5l 4SS o5,
& 9 S Jleinl waw > OPSIL a8 08 9 59) 9 ez
ok blie Sl 5 S0ke auglie (F Joa) W39 )l dxe a0y
i & ol ol paS OPSIT 5 islojl (clajloss caliso
W) 5 3+ el ibsbee Mo Sl OPSIL e
Aol peS g (IAVY) sl bl )b cov Y lyer
Cl E)b cov iy ofy o (aald) ol Bl sk Jilize
O Cov 45 edd )5S (Y Jads) del Cawday (+/5V0) (3l
(Feng et al., cél jials’ puS olS w2y S, OPSIT LS
gy w3l Clld SRl L 1) ol s ol cp) 2014)
S S (PSI) I isgts STy 5550 (63,5585
oAl g (il ol Claio g (PSI) I ptugusgid olandyrd
liy 35 4 0l Bl iy L pe LS A5 Lyl b o
(Hui-ping 1,55 pa8 olS w2 Sy > OPSIT i3l g0

1S5t Lol et o 1 i 35 a1 3 pSlas jishaa
(FVIFmM) <o, L oud
Cudls Zo,b Jlite S5l o8 o Gl uib)ly o0 @l
PS03y 5 catlS Gl e 1 5 (55, 5 meliy (ol Jooxe 5
989y 9 memliz (b ol 3lS Z)b Jlite 5 Lol ] 48
Dbre dopd g g S Jis) pmaw 3 FVIFM 4 puiS o8,
Gliko pob e Ol ke amlio (F Jpi2) S
i poie & o ol paS FVIFM 4 Liolesl olales
Vooles 885 5 oyt el (Bl Jsle Jlite g1, FV/Fm
Dlize 3l > ol p5eS 9 ((JAFY) cuwlie cullS )b o
b Bl f)b cod iy 68y o (al) o bl Jslxe
(Lu and Zhang, il5 5 o (Y Jgi) dol comday (+/YVY)
2 obme Lol LS i Jlesl b a5 wsls 3,15 2000)
FVIFM ials cle cpdise () 1053 )S sdalie puiS oLS FV/FM
SO S8 b il @ 1y LS a5 Ll oo
PSIN 0353 Joxs & (39,580 Jsl 51 555k 5 (OEC) 5]
Ohler g Loy b (gyg (Sl 4 e &S Wil cuwd
o FVIFM g )3 pawly a5 L0 Lis (Raza et al., 2013)
FUIFM 8l carge g9y (obbglore cutly (i i Ll
Maetal., ) 43,5 (Suis (i llpd cod paiS olS 02 S p
| sassid g (OEC) oyjonS] 01551j] uShioS o ol 512017
cle glye cnlply ) JL3 3eMs slis (90 11
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Al ol islel gl

(NPQ) sloascd 536 i (st gols

CudlS Go,b Jlite S1 51 ju o8 ol Gl bl o0 @l
Bhglone (S )b Jlite 5 (Lol @l Sl 4l uiS o3
sy S Jul g 3 NPQ s o35 03 5 59) 5 el
golw Jlite Il (pSle anlie (¥ Jgi2) K35 5l xe
O 45 3 ol puS NPQ 5 Lilesl cbjlog cilie
Ol 08) 9 9 + ey (b Jslxe Jlie 51, NPQ (e
Mo 5150 o] cepeS g (+1¥00) 685 sl )b oo ¥
coslie S gl cov iy o3, 5 (1015) O (il sl
hiKer g jeb-Faed (Y Jgin) el canday (</YYY)
S Glseas 1y NPQ yil58l (Demmig-Adams et al., 1996)
dox 5l Jbg)lS luygils sl ple ials ) s
03,8 o)li5 b)S yus byl co FVIFM' 4 ®PSIT FV/Fm
Gl il Sl NPQ bl s sl kbl
OiSly Sy 4 Oylud yalS g eSSl (65l (olrerdid s
S LS i cos NPQ Liolial gy (PSI) 11 g
a0 e 5iagd Sl J) GEalS (sl odaS e
S g ol 4 ojlus Gials g (PSH) I g (5STy 5950
o Wl Ll L Jsbs ;5 NADPH 5 ATP Wy ab cels
3 Gt sl g asl LS i cov sS4
NPQ _l;8l (Bukhov et al., 1998) 54i (5,Sol> Qa s>
3 5 089 3 oL Ul 5 JSsliS 45 VL b S
S g bies 5 LS Shpon @il oob e b
oher 3 Kilg (Maxwell and Johnson, 2000) s Jugulss
ol cdale mli8l b oS il bl (Wang et al., 2015)
Orepd b tals sald 4 cuwd @) Sy NPQ e
cos ) Mg (Shsbe b NPQ lie o oad GblsS
gl a8l oyl (Jiang et al., 2014) sl olis ialie) i baylys
» NPQ e LialS il Jlgdea pobs ilejl s L
SF e sobodr olS &S b LS (g9, 9 mawly (Shgle don
L L g 03,8 eslitl il cbwliS, Lawss ord wis (g5, 5|
> (5ol (PSH) I wisgid 53 1) 40dyos (b slo)S syt
on & ob ol s ol p eeMe (Guo et al., 2006)
s OPSIT FVIFM ales 51 Ldg ks uilwystld  slayielly
LiblS a8 gysbody «isly 3939 woSae (glalayly NPQ L FV/FM'
5 JisylS eilssil lagilly plo a3l sxmsclss NPQ
(s 5itogd Jbb ginis i 53 PSI) I gisssid IS 35
g

3 el i85 4 1y o] s udie ol and Yu-hong, 2010)
slodsbe 08 g 5 Cuwdln)lS 53 (98Il JUih 0055 2900
Gk 5 ROS) Jib o5ensl lyl Como inlS ol
Al g Jobo slie Ggmbipnsly jl cwiles o] CBlaie 4 (SOD)
2313 s vy Sy 3 (MDA) el (03 oglle cuS 5 oy
A oy 535 (Wang and Jin, 2007) (e 5 Sy cpinen
I prawgid GuSly S ye Calld o) dne yoba 59y 25
b ol Sislesl mls ol a3l |, OPSIT ] Célee o (PSI)
el lyben 35 nline sladly
S5k Jaal ety 1 Allesen 935 o0 933068 8 ySlac jislaa
(FV'/FM’) alidig, b oudd

il gyl Llite 515 e oS 3l ol ey 430 ol
XS 08y 9 cudlS Z)b blite Sy 59y 9 pawly (Bb sl o
9 S99 ey (Bl olre (S ol Jlite 5 Lol 51 4ds
Dbre Jop zy g S i) mow 3 FVIFM' 5 508 o8,
Glie polaw lize Sl :Sle duglio L(f Jsda) Ldes
O‘}#o CRP O 4 ol uLw) P'\S Fv/Fm' 2 u».uLoJ sloyless
Y oled w5 53+ eelty il Jgome Mie 51 )5 VIR
Dlize 5155 o oupieS 5 (JAYY) (cusbie cuslS )l coo
b Call )b cou jliy 68y 5 (ld) ol (Shglxe
(Lu and Zhang, l5 5 o (Y Jgi) dol cowday (+/V-9)
Sy FVIFM' e L) a5 Jlesl b &8 aiols oLas 2000)
gl sy il Bl alS puS oS ey
§ it oS o ol LS a5 cos FVIFM' ales ) ibs,lS
b W»i Q"] Dy oA w] )l>.> (PS”) ] Wﬁ Q‘““f‘ﬁ )f)n
D1 piep )J,o}‘,{sd.g (PSH) 1 g 3> (g lis b &l s
ogbie 425 Wleta 5 pamdlygind b (i Ll o
(Wang et al., -,Ken 5 ly (Asada et al., 1998) 54 Lo o
il ol 35008 Lyl 5 o FVIFMY &S wizils lalsl 2015)
I oxSole by S8 L) ol s palie oyl Ll
i ol e @l 5l (86 PSIH I sgid JHloras]
63y 39S byl cos &S sl )58 (Wang and Jin, 2007)
ol LialS FV/FM' g (PSH) I giausgs STy 35 50 colla
cod (ROS) Jub y3emST glsil oVl polie a5 o0 )5S ol
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Introduction

Wheat (Triticum aestivum L.) is one of the most important sources of plant food for human among the main

crops globally. High temperature resulting from delay in planting is one major environmental factor limiting
growth and production of wheat, especially in tropical regions. Most of the Iranian soils have high pH and
calcareous nature, so absorption of nutrients is limited in these soils. Mineral nutrition of plants plays a critical
role in increasing plant resistance to environmental stresses. Among the mineral nutrients, potassium plays a
crucial role in the survival of crop plants under environmental stress conditions. Potassium is essential for many
physiological processes, such as photosynthesis, maintenance of turgidity and activation of enzymes under stress
conditions. Zinc is a ubiquitous micronutrient. It is required as a structural and functional component of many
enzymes and proteins.

Materials and Methods

To study the effect of potassium and zinc foliar application on growth physiological indices, chlorophyll
fluorescence parameters and yield of two bread wheat cultivars under late planting date, an experiment was
conducted as split-split plot based on randomized complete blocks design with 16 treatments and three
replications in Ramhormoz city during 2015-2016. The experimental factors were included planting date in two
levels optimum (November 21) and late (January 5) as the main factor, nutrients foliar application in four levels
(water as a control, potassium, zinc and combination potassium + zinc (each 3 l.ha™)) as the sub factor and two
cultivars of bread wheat Pishtaz and Chamran 2 as the sub-sub factor. Solutions for foliar application were
prepared by using potassium (21%) and zinc-chelate (7.5%). Traits measured were included leaf area index
(LALI), leaf area duration (LAD), crop growth rate (CGR), relative growth rate (RGR), net assimilation ratio
(NAR), maximal quantum yield of PSII in the dark-adapted state (Fv/Fm), effective quantum yield of PSII
photochemistry (®PSII), maximal quantum yield of PSII in the light-adapted state (Fv'/Fm'), nonphotochemical
quenching (NPQ) and grain yield. To determine LAI, LAD, CGR, RGR, NAR, Fv/Fm, ®PSII, Fv'/Fm' and NPQ
were used from equations 1, 2, 3, 4,5, 6, 7, 8 and 9, respectively.
: LAI= Plaxden /10000
:LAD=1/2 (LA2+LA1) (Tz-Tl)
: CGR=[(W, - W)/(T, - T,)] x (L/GA) x 100
:RGR= [(anz - |nW1)/( T2 - Tl)] x 100
: NAR= CGR/LAI
: Fv/Fm= (Fm — FO)/Fm
: OPSII= (Fm — F)/Fm’
: FV/Fm'= (Fm' —FQ")/Fm’
: NPQ= (Fm — Fm')/Fm'
where, Pla is average leaf area per plant (cm?); den is real density (plant m?); LA, is primary leaf area (cm?);
LA, is secondary leaf area (cm?); T, is first sampling time (day); T, is second sampling time (day); W, is
primary dry weight (g); W, is secondary dry weight (g); GA is ground area (m?); InW, — InW; is natural
logarithm difference of dry weight; Fm is maximal fluorescence yield of the dark-adapted state; FO is minimal
fluorescence yield of the dark-adapted state; Fv is variable fluorescence (dark) (Fm-FO0); Ft is fluorescence
emitted by the leaves adapted to lighting; Fm' is maximal fluorescence yield of the light-adapted state; FO'is
minimal fluorescence yield of the light-adapted state, and Fv' is variable fluorescence (light) (Fm'-F0"). The grain
yield was determined at maturity stage and through the harvest of all spikes from the level of 1 m? per plot and
after removing 0.5 m from the beginning and end respective planting rows (rows 5 and 6).Analysis of variance
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was performed using general linear model (GLM) procedure of statistical analysis system (SAS version: 9.3).
The means were analyzed using the least significant difference (LSD) method at P=0.05 (LSD 0.05).

Results and Discussion

The results showed that late planting date due to terminal heat stress significantly decreased LAI (30.0%),
LAD (48.4%), CGR (21.8%), RGR (13.7%), NAR (22.4%), Fv/Fm (3.2%), ®PSII (4.4%), Fv'/Fm' (3.2%) and
grain yield (27.0%) of two cultivars of bread wheat Pishtaz and Chamran 2, but increased significantly the NPQ
(22.7%). Potassium and zinc foliar application improved significantly traits the LAl (17.5%), LAD (17.62%),
CGR (33.5%), RGR (12.0%), NAR (37.6%), Fv/Fm (3.1%), ®PSII (7.4%), FV'/Fm' (6.6%) and grain yield
(17.30%) of two cultivars of bread wheat Pishtaz and Chamran 2 under late planting date except for the NPQ.
Among the interactions of nutrients foliar application and bread wheat cultivars, the response of Pishtaz and
Chamran 2 cultivars were more suitable to potassium foliar application, and zinc and zinc + potassium foliar
application, respectively. As well as, among wheat cultivars cultivated under the conditions of non-application of
potassium and zinc (control), Chamran 2 cultivar had a comparative advantage in all measured traits under both
optimum and late planting dates compared to Pishtaz cultivar.

Conclusions

In general, it can be used from timely planting date, potassium and zinc foliar application and suitable wheat
cultivar such as Chamran 2 as three management strategies to reduce the harmful effects of terminal heat stress
caused by late planting date in Ramhormoz city.

Keywords: Cereals, Nutrients, Terminal heat stress
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Table 1- Some of chemical properties of Blood powder

used
0P 29 B S Ry Sl
Blood powder properties Amount
pPH as a0l 5.30
Raw protein(%) pls 559 43.75
P(%) yiud 0.56
K(mg Kg'™) sewls 500
Ca(mg Kg™) mads 7500
Mg(mg Kg™) e 4000
Fe(mg kg™) ol 1000
Zn(mg kg s, 81
Cumg kg) e <0.05
Mn(mg kg™) ;i 5

Cilojl 3)90 SB orlwoas 9 (Suid GBS ST Jo>
Table 2- Some of physical and chemical properties of soil

tested
SB b S Sl S5 031l (g
Soil properties Amount  Measurement method
Texture céb Loam Bouyoucos (1962)
PH as a0l 75 Peech (1965)
Sersdlcola el
1 1.2
EC (dsm™)
%) i s Walkley and Black
OM (%) JI sl 1.19 (1934)
55518 ol byl
G Pl el 125 Chapman (1965)

CEC (Cmol kg™
(%) Jslee @liy)S punndS 417 Allison and Moodie
CCE ' (1965)

Olsen et al. (1954)

Knudsen et al. (1982)

Lindsay and Norvell
(1978)
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Model ) o3l Gl oSt lawgs Lo 03 joe Slo il

(Mg gr sOil)P i 4.5
(Mg grt sOIK ety 250

(ug gr soil)Fe .yl 2.12
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Table 3- Effect of different levels of iron and Blood powder on shoot dry weight, chlorophyll a and b and carotenoids
concentrations in Melissa

ol daw

Different levels of Blood powder (gr Kg™) oes ;59 cilise zglaw RV

Fe level (mg kg™) 5 5

5 3 Mean

Aerial dry weight (gr pot™) s slsl s 55

0 115.42d 129.02b 131.04b 126.00b 125.37B
25 121.13c 132.05b 141.45a 140.79a 133.86A
5 128.02b 126.67b 127.01b 140.11a 130.45A
Mean 121.52C 129.25B 133.17AB 135.63A
Essential oil yield (mg pot™) Lulul s, Sles
0 282.29i 459.98h 585.58f 596.13f 480.99C
25 500.149 739.70e 931.61c 881.08c 763.13B
5 836.01d 910.27c 1032.68b 1153.14a 983.03A
Mean 539.48D 703.32C 849.96B 876.78A
Chlorophyll a concentration (Mg g™ FW) a b,ls el
0 1.15d 1.29cd 1.46¢ 1.84b 1.44B
25 1.44c 1.71b 1.75b 2.30a 1.80A
5 1.66bc 1.90b 2.11ab 2.43a 2.03A
Mean 1.42C 1.63BC 1.77B 2.19A
Chlorophyll b concentration (mg g™ FW) b s, el
0 0.56e 0.53e 0.64d 0.81a 0.64B
25 0.64d 0.67cd 0.71c 0.80a 0.71A
5 0.68c 0.75b 0.72bc 0.79a 0.75A
Mean 0.63C 0.65BC 0.69B 0.80A
Carotenoids concentration (Mg g™ FW) gz, el
0 0.29c 0.28c 0.34b 0.33b 0.31B
25 0.29¢c 0.32b 0.34b 0.32b 0.32B
5 0.34b 0.33b 0.37a 0.34b 0.35A
Mean 0.31B 0.31B 0.35A 0.33AB

it S e SasS B> S 53 Joir e 23 85 @l Sile b g Sy B S Gy 2 0 L iy 2 0 & lapnSibe (LS Sl I S 2 sl
L)l gl e gl oy gy pedaw p> SISyl Gubo
Numbers followed by the same letter are not significantly different using Duncan test (P<0.05)
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Figure 1- Effect of different levels of iron and Blood Powder on Fe concentration in Melissa plant
(Means with the same letters, indicated significant difference at 5% probability level).
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Figure 2- Effect of different levels of iron and Blood powder on essential oil of Melissa plant
(Means with the same letters, indicated significant difference at 5% probability level).
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Introduction

Iron deficiency is found mainly in plants in calcareous and alkaline soils. Regarding the fact that chemical

conditions of the soils are main cause of iron chlorosis, and because of chalet fertilizers are expensive therefore,
use of organic and iron-rich organic compounds such as blood powder can be effective in removal of iron
chlorosis. Blood can have a beneficial effect on more dissolution of iron compounds. One kg of blood contains
20-30 g iron in ferrous form (Fe?*) in hemoglobin molecule. Therefore, it can use as an effective source of iron.
Blood powder is only organic fertilizers containing nitrogen, iron, phosphorus, organic complexes and amino
acids useful hormones in plants growth. The process of iron liberation from Blood powder is carried out more
rapidly in calcareous soils. Further, decomposition of it reduces soil reaction. Iron is chalet form in Blood which
it makes to protect Fe from chemical reactions and conversation into non available forms. Therefore, the purpose
of this study was to investigate potential of blood powder in supplying iron of Melissa Officinalis L.

Materials and Methods

The experiment was performed as factorial in a completely randomized design with three levels of Fe-
EDDHA (Zero , 2.5 and 5 mg Fe kg™ soil) and 4 levels of Blood powder (Zero, 0.75, 1.5 and 3 g blood powder
kg™ soil) in Three replication on Melissa Officinalis L. medicinal plant. There were measured dry weight,
concentration of Fe, chlorophyll a and b, carotenoids and essential oil content after the end of vegetative growth
period.

Results and Discussions

The results showed that application of Fe-EDDHA and Blood powder increased significantly shoot dry
weight, concentration of Fe, chlorophyll, carotenoids and essential oil yield in plant. The maximum of plant dry
weight was 141.4 g.pot™ under conditions of Fe EDDHA and Blood powder intake of 2.5 mg and 1.5 g kg™
respectively, which it was equal to 22.5% higher than control. Consumption of 5 mg Fe and 3 g.kg™ blood
powder caused 35.1% increase in Fe concentration compared to control. Blood powder consumption increased
13.8, 6.8 and 11.7% in the first, second and third levels of iron, respectively. Chlorophyll b concentration was
increased 17.2 and 23.0% by application of mg Fe and 3 g blood powder kg™ soil, respectively. Concentration
averages of carotenoids were 0.31, 0.32 and 0.35 mg.g ™ in the first, second and third levels of iron, respectively.
But the averages were 0.31, 0.31, 0.35 and 33.3 mg.g™ in the first to fourth levels of blood powder, respectively.
The amount of essential oil was increased at all levels of iron and blood powder compared to control, which it
was obtained 241. 7% increasing with compared to control by application of iron and blood powder of 5 mg and
3 g.kg, respectively. The same amount of iron and blood powder produced the maximum essential oil yield
(304.5% higher compared to control).

Conclusions

In general, the results of the study showed that application of Fe-EDDHA and blood powder increased plant
dry matter, iron, chlorophyll and carotenoids concentration and essential oil content of Melissa Officinalis L.
However, at higher levels of these treatments, it caused a lower growth in growth and essential oil yield.
Regarding the positive effect of iron intake on essential oil yield of Melissa Officinalis L. and on the other hand,
considering the cost of iron organic fertilizers, the use of blood powder is recommended in the cultivation of the
medicinal plant. Also, due to the lack of apparent symptoms of toxicity at high levels of iron thus, cultivation of
Melissa plant is suggested in soils with a medium of Fe pollution. Although it seems more research is needed in
this regard.

Keywords: Amount and yield of essential oil, Dry weight, Iron, Organic compounds
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Table 2- Analysis of variance for the effect of foliar application with salicylic acid and abscisic acid at different growth times

of Fong and Chamran wheat cultivars on studied characteristics

Mean squares Ol o pibe

sl s - e Al Sy Sl daxs
ayp S (39 W, Spdeb Jgb il o
Ol sk @lia oy lan el G o2 W 93 s 3
Source of variation d f) Shoot dry Plant Flag leaf Spike nurﬁg:alf'eper nuSnPllz)keerI?er
weight length length length plant spike
Replication sl 2 0.56 ™ 1.27™ 1.90™ 0.33™ 0.06 ™ 1.02"™
Solution type Jsxe g9 1 0.01™ 2.52™ 0.08"™ 469 ™ 052° 0.01™
Error s 2 1.19 39.52 0.15 0.75 0.02 0.06
st ol 3 1.39* 3936™ 139 258" 063" 1.06™
Foliar application time
B sle oles x Jsbos g5
Solution type x Foliar 3 1.06 * 6.02™ 1.14 158" 0.35™ 4.06 **
application time
Error s 12 0.26 17.03 0.16 0.35 0.18 0.43
Vaﬁ; y 1 6.75" 11.02™  033™  252° 0.52"™ 2,08
o X Jsbee £ 1 0.08™ 469 "™ 0.08™ 0.02™ 0.02™ 0.08™
Solution type x Variety ' ' ' ' ' '
why % Sl slme loj
Foliar application time x 3 8.47*" 11.74™ 0.17" 3.85™ 0.35"™ 0.58 **
Variety
w85 % (Bl sloe ploj x Jsloee £95
Solution type x Foliar 3 247 15.96 ™ 0.14™ 3.58 ** 052" 0.69 **
application time x Variety
Error s 16 0.08 8.04 0.17 0.35 0.27 0.12
Sl - 2.8 6.1 5.2 9.1 16.3 2.2

Coefficient of variation (%)

A > xe AT 81 5 duo > S oy O o JD (415 ixe o iy NS o *FF X

* ** and ns: respectively, the significant level at the level of 5%, 1% and non-significant difference.
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Table 3- Mean comparison of the effect of foliar application with salicylic acid and abscisic acid at different growth times of

wheat on shoot dry weight, flag leaf length, spike length, spikelet number per spike and grain number per plant

S 09 Sy Job Job 90 S dlaxi 4> &ild dlaed
ldglre oloj x Jobxo g9 il eldl e A dlgins Sy
Foliar application timexSolution type Shootdry  Flagleaf  Spike Spikelet Grain
weight length length number per number per
(g plant™) (cm) (cm) spike plant
Control sals 9.7 6.7 7.2 15.3 75.0
@ﬁ}l#maax@ﬁ’lwl
N . 10. 7. . 15. 2.
Abscisic acid x 15 days before flowering 0.0 3 65 53 820
A8 X S uan] ]
GBI Pt e 105 8.3 73 153 86.0
Abscisic acid x flowering
DS 5 L axin 93 % S ] el
. . 10. 1.7 7. 16. 2
Abscisic acid x 15 days after flowering 05 0 60 88
Oijleﬁaﬁn,:?L;mAlfx ;{;)wl K|
Abscisic acid x flowering and 15 days before 10.0 8.5 6.5 16.5 88.3
and after that
25 51 8 amam 50 X Siluwdlos Sl
Salicylic acid x 15 days before flowering 108 i 68 158 88.2
2 % Sl sl
oo . 10.2 7.5 6.3 16.8 91.2
Salicylic acid x flowering
2l e dtin 90 X Sl Sl
Salicylic acid x 15 days after flowering 105 8.2 65 150 81.7
Ml o I8 win 93 5 (ol X Sl sl
Salicylic acid x flowering and 15 days before 9.5 8.2 5.2 15.7 93.0
and after that
LSD (0.05%) 0.9 0.7 1.0 1.2 8.9
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Table 4- Mean comparison of the effect of foliar application at different growth times of Fong and Chamran wheat cultivars
on shoot dry weight, flag leaf length, spikelet number per spike and grain number per spikelet

SUS 059 Spdob  Shiwdlaw 5 &l slaw
b gl yloj x pd, wlgp el s aliw 3 S
Cultivars x Foliar application time Shootdry  Flagleaf  Spikelet Grain
weight length  number per  number per
(g plant™) (cm) spike spikelet
Jals x Kigd
9.7 6.7 153 2.7
Fong x control
Al wan g x (Sgd
Fong x 15 days before flowering 98 7S 155 30
A8 x (g8
P 11.0 75 158 25
Fong x flowering
28l ey dian 93 X SUgd
Fong x 15 days after flowering 117 78 16.2 28
OV S o 9 I8 i 93 5 (mlS X Sigh
Fong x flowering and 15 days before 9.0 8.0 16.0 2.8
and after that
L x
e o 10.1 6.7 163 2.7
Chamran x control
UMK)IJJMFXUI)A?
Chamran x 15 days before flowering 105 1 15.2 25
A5 x )
TR OrT 105 8.2 158 2.8
Chamran x flowering
A 5] ey dbn 3 Xl yen
. 10. . 15.7 .
Chamran x 15 days after flowering 05 83 S 30
O3 g 8 i g3 g (IS X )y
Chamran x flowering and 15 days before 9.0 8.3 16.5 2.8
and after that
LSD (0.05%) 05 0.7 06 05
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Table 5- Analysis of variance for the effect of foliar application with salicylic acid and abscisic acid at different growth times
of Fong and Chamran wheat cultivars on studied characteristics

Mean squares <la po (WSSl

FEEHARIKEY EHLIIREY] a1 39 B3 IST) R
4,3 . . . .
Ol s 2slio : ;‘i S digy 40 Lgs a1y wa
Source of variation s Grain Grain Grain 1000 Harvest
df number number weight grain index
per spiklet per plant per plant weight
Replication s 2 0.08™ 4519™ 0.40™ 83.69 ™ 15.44™
Solution type Jsl=e g9 1 0.03 ™ 15.19™ 052" 3.00™ 0.02"™
Error s 2 0.03 23.69 0.15 6.94 6.77
St ooy 3 0.14 ™ 288.80" 0.85° 319" 53.41™
Foliar application time
st gl e s 3 0.06 ™ 85.02° 0.08™ 0.89™ 12.63™
Solution type x Foliar application time
Error s 12 0.26 25.08 0.21 1.81 23.85
"%’ 1 0.08™ 117.19° 0.19"™ 0.75"™ 0.02"™
Variety
S Jsbe s 1 0.01™ 1.02" 0.52™ 12.00™ 7.52"™
Solution type x Variety
5, % by o
e cky 3 0.36 ° 958 " 0.19™ 0.31™ 5.63™
Foliar application time x Variety
w8y % (B gbre Gloj x Joloxo £95
Solution type x Foliar application time x 3 017 ™ 1830 ™ 0.08™ 0.56 ™ 10.24 ™
Variety
Error s 16 0.08 22.79 0.19 3.73 15.08
Sl o - 10.3 5.3 12.0 48 8.5

Coefficient of Variation (%)
i I gxe BB W81 g duo pd S o yd gy e ) (6 pixe s iS4y NS o
*, ** and ns: respectively, the significant level at the level of 5%, 1% and non-significant difference.
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Table 6- Mean comparison of the effect of foliar application time on grain number per plant and grain weight per plant
Ags )3 A1 (39

Wge )0 Ald dlaxy

wbdgle bo; oo o Grain weight per
. S rain number
Foliar application time plant
per plant (g plant™)
Jals 75.0 2.8
25 S aim 5> 85.1 3.3
15 days before flowering
(8 93.6 3.8
Flowering
u"’-‘ls )I g A 9‘!_ 87.9 3.4
15 days after flowering
OI )lu“"9 J‘B ‘\;—6"”9)9(5“'\1? 95.7 3.8

Flowering and 15 days before and after that
LSD (0.05%) 8.9 04
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Fong and Chamran wheat cultivars
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* and **: respectively, the significant level at the level of 5% and 1%.
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Introduction

Wheat is one of the most widely cultivated cereals in the world. Thermal stress is effective on

photosynthesis, cellular and subcellular compounds, protein levels and antioxidant activity. The role of abscisic
acid as an anti-stress hormone is easily proved. Abscisic acids cause stomatal closure and improve the plant's
water relations. Salicylic acid, as a cell signal, increases the amount of defense compounds such as proline. Also,
the use of salicylic acid increases the amount of polyphenols, spermidine and spermine in the plant, which can
help stabilize the membrane under stress conditions. The present experiment was conducted to investigate the
effect of foliar application with salicylic acid and abscisic acid on reducing the effects of terminal heat stress on
the growth, yield and yield components of wheat (Fung and Chamran cultivars) in Ahvaz.

Materials and Methods

This experiment was conducted in a split split plot based on a randomized complete block design with three
replications at the experimental farm of Shahid Chamran University of Ahvaz in 2016-2017. The experiment
was directed in a potted (in field conditions) and heat stress was considered based on the planting date according
to the 30-year estimate of ambient temperature and it’s higher than the threshold of thermal tolerance of the
wheat plant. In this experiment, three factors were investigated: foliar application (control (no foliar application),
foliar application with abscisic acid (30 mg.l™), and foliar application with salicylic acid (69 mg.I™")), time of
foliar application (15 days before flowering (A), flowering (B), 15 days after flowering (C) and 15 days before
flowering, flowering and 15 days after flowering (ABC)) and wheat cultivars (Fung and Chamran).

Results and Discussion

According to the results, with increasing number of spikelets per spike, the number of grains per spikelet
increased and thus, the number of grains per spike increased. Foliar application increased the number of seeds
per plant compared to control treatment, which increased the seed weight. The lowest plant height was obtained
to treatment of foliar application of salicylic acid at flowering time on Fung cultivar. The highest and lowest
spike length were observed in the control of Fong and foliar application of salicylic acid at flowering time and
two weeks before and after than on Fung cultivar. The results of mean comparison of the traits showed that the
highest mean spikelet number per spike belonged to foliar application of salicylic acid at two weeks after
flowering in Chamran cultivar. The highest dry weight of shoot was observed in foliar application of salicylic
acid at two weeks after flowering on Chamran cultivar.

Conclusions

According to the results, for traits such as dry weight of shoot, grain weight per plant and 1000 grain weight,
foliar application at flowering and two weeks before and after that (regardless of cultivars and type of solution)
was better compared to the other foliar application times. Foliar application at flowering and two weeks before
and after that, improved the photosynthesis potential after spike emergence, improvement of meiosis of pollen
mothers cells and increasing the fertility of spikes, reducing the abortion of the claws and increasing the number
of seeds per spike under heat stress conditions. Chamran cultivar was recognized as superior to shoot dry weight
and number of seeds per plant, in comparison to Fung cultivar (regardless of the time of foliar application and
solution type). Salicylic acid with the highest number of seeds per plant, seed weight per plant, 1000 seed
weight, dry weight of shoot and harvest index were determined as the best solution (regardless of the foliar
application time and cultivar). Therefore it seems that in order to reduce the effects of terminal heat stress, using
the salicylic acid (30 mg L™) at flowering and two weeks before and after that on Chamran cultivar is
appropriate in Khuzestan province and regions with similar conditions.

Keywords: Abscisic acid, Salicylic acid, Harvest index, Grain weight per plant
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Table 2- Combined analysis of variance for gas exchange, photosynthetic and water relations traits affected by irrigation and
some chemical treatments
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wf s e p . . _ . . - sq2 [=33)
SOV Ol pants 2alio 8350 Culaa s g Sy slod Slyow s g CO, chals O G e
df  slaj, By% Leaf o gl &j95 ) e
gs E temp. RWC A Ci L3t o
WUE »
Year (Y) Ju 1 68.00"™ 0.38™ 32.12™ 2042 g.42"™ 310.08™ 0.03™
Rep. (year) ) ss 4 17.20 0.15 19.41 33.42 1.87 438.63 0.18
Irrigation (1) o2 1028700 4997 7741 622579 18457 7464423 274"
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Y xF b x Jo 5 2.41™ 0.34"™ 0.06™ 2.48"™ 021"™ 1526 0.10™
Y xIxF sl x gyl x Jlo 10 1.25™ 0.12"™ 0.10™ 2.60™ 0.49"™ 19.43"™ 0.05™
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* and **: Significant at the 5 and 1 percent probability levels, respectively.

ns: Not significant.
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Table 3- Two years mean comparison for gas exchange, photosynthetic and water relations traits in irrigation levels and

foliar application of some chemicals
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(mmol m?s™) (mmol m?s™) (°C) (%) (umol CO, m?s™?) (umol mol™) (um_? 2
mol™ H,0)
Irrigation 3
100% 56.51a 6.71a 29.63¢c 90.78 a 19.50a 237.00b 2.92c
80% 49.44 b 541b 31.28b 81.51b 17.16 ab 204.56 ¢ 3.20b
60% 41.87¢c 4.36¢C 32.55a 64.83 c 14.97b 294.47 a 3.47a
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Ol Oyl 50.31b 5.74 ab 30.76 ¢ 79.02 a 17.18a 248.11 ab 3.04 bc
Control sl 52.97 a 5.98a 30.68 ¢ 76.32b 16.88a 261.95a 2.83¢c
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Means with similar letters, in each column and each factor, are not significantly different at the 5% probability level based on
Duncan's multiple range test.
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Figure 1- Mean comparison of irrigation x foliar application interaction for stomatal conductance (A), photosynthetic rate
(B), sub stomatal CO, concentration (C) and photosynthetic water use efficiency (D). In each column, vertical bars represent

the standard error. Columns with similar letters are not significantly different at the 5% probability level based on Duncan's
multiple range test.
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Introduction

Many solutions have been introduced to enhance drought tolerance. Exogenous applications of various

chemicals such as compatible solutes, growth regulators and stress-messenger molecules have been considered
during recent years. Glycine betaine (GB) is one of the most effective osmoprotectants. The physiological and
antioxidant properties of selenium (SE) have become of higher importance for biologists. Salicylic acid (SA)
plays an important role in the abiotic stresses tolerant. Nitric oxide plays an important role in many physiological
and vegetative processes such as seed germination, stomatal closure, root development, aging and adaptation to
several stress types. Sodium nitroprusside (SNP) is commonly used as a nitric oxide releasing agent in plants.
Abscisic acid (ABA), as a messenger, plays a role in responding to drought and other environmental stresses, as
well as in many physiological processes such as photosynthesis and regulation of stomatal opening and closure.
The aim of this study was to compare the influence of some chemicals as foliar application in order to reduce the
adverse effects of drought stress in sunflower.

Materials and Methods

This experiment was conducted at the Agricultural Research Center of Hamedan, Iran, during 2015-2016.
Three irrigation and six foliar application treatments were evaluated in a split plot experiment. Irrigation
treatments consisted of 60%, 80% and 100% of crop water requirement and foliar application treatments
included: abscisic acid 40 uM, Selenium 20 mg L™, Salicylic acid 500 uM, SNP 100 uM, Glycine betaine 100

mM, and control. An infrared gas analyzer (IRGA, Lci, ADC Biosientific Ltd, Hoddeston, UK) was used in
order to measure the photosynthesis rate, stomatal conductance, transpiration rate, leaf temperature and sub-
stomatal CO, concentration. Photosynthetic water use efficiency was calculated from photosynthesis rate divided
by transpiration rate. The leaf relative water content (RWC) was calculated as the follows:
RWC (%) = [(FW - DW.) / (TW — DW)] x 100

Where FW is the leaf fresh weight, DW is the leaf dry weight and TW indicates the leaf turgid weight.
Combined analysis of variance of two years data was done using SAS statistical software. The comparison of
means was carried out by Duncan's multiple range test at 5% of probability level.

Results and Discussion

Effects of irrigation and foliar application on stomatal conductivity and transpiration rate were significant.
Stomatal conductivity and transpiration rate were decreased by decreasing irrigation amount. The lowest rate of
stomatal conductivity and transpiration rate in all irrigation conditions were resulted from ABA. Leaf
temperature and RWC were affected by irrigation and foliar application. The lowest leaf temperature was
obtained under normal irrigation. The highest RWC (90.8%) was attributed to normal irrigation. Applying 80%
and 60% of crop water requirement reduced RWC about 10% and 28.5%, respectively. Foliar application of
chemicals increased RWC. The effects of irrigation and irrigation x foliar application on photosynthesis rate
were significant. The photosynthesis rate decreased with decreasing the irrigation amount. Sub-stomatal CO,
concentration decreased under 80% of crop water requirement and it increased in 60% of crop water
requirement. Under normal irrigation conditions, photosynthetic water use efficiency enhanced by foliar
application of SA, but under water deficit conditions, foliar application with all compounds promoted
photosynthetic water use efficiency.

Conclusions
Decreasing of irrigation water had significant effects on gas exchange and photosynthetic properties of
sunflower and caused a sharp decline in stomatal conductance and transpiration rate. Furthermore, RWC and
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photosynthesis rate were decreased, but leaf temperature were increased simultaneously. By decreasing
irrigation, the sub-stomatal CO, concentration initially reduced and continued to increase with more water
limitation, while the photosynthetic water use efficiency was increasing gradually. Foliar application with
chemicals affected on gas exchange and photosynthetic properties of sunflower. The lowest stomatal
conductance and transpiration rate, and the highest amount of RWC were obtained by foliar application of ABA
and SNP. In normal irrigation, SA improved photosynthesis rate, but ABA, SNP and SE reduced the sub-
stomatal CO, concentration and photosynthetic rate. Under low irrigation, foliar application of all chemicals
increased photosynthesis rate and reduced the sub-stomatal CO, concentration. SA had a more positive impact
rather than other compounds.

Keywords: Abscisic acid, Glycine betaine, Salicylic acid, Selenium, Sodium nitroprusside
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Hasanuzzaman et al., ) cul jiie jluw olS 45 9 YU (glod
380es 4y (olid Cap & a0 J5 4 el o) 2 (2013
b1y ols gy Jolpe plon cudld oloj ol b eogllas
wilisee cdls” lage )b ) (VAB oeslyg 5 (l8)) o) SO
eyl 3 1o YV Lials el culs floj o 3l a8 ol s
20,5 &l 0ySles )3 Jo)d YV 5 dilylia y5s 10 Lo VY Wiy
i) S5 o8y aw Sl wy o (Pashan Eslam, 2003)
2 Pl 4 sl )b oS 0b 35S cusls Galisee clag b 4
0isE o Gig W > 0jst s VL (O V0) el oS
Siedon 2ySlos g il 5 Slas cildis 59 0js p )0 &ild dlaas
i ) poly Yo g V0 s ps (sl cuslS Fu )l b dwslde jo 1)
5 )l caw .(Sahu and Thakur, 2016) cusly (314 4 LT Y
0fles yiiSly (), 55 (Safara et al., 2016) .,
Gl slag)s & (olhol (e 1) S5 S 5 o
6395 caliste golaw g (yere VY 5 e ¥ 3 Ve )3Q) cusls
Sass g 0je 5o il slaw Lials b cusls 3l as wols 3,158
Al o cuils Fu b p0 ad b 5, Sles (il o dgy j0 0j56
OF9y 22 Jy Ol 100 W ol 4 &l (59 525 (o VY
& baye dopd YO e 4 gy dopd YL el ials
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Table 1- Physical and chemical properties of the soil

Soil depth (cm) Soil type

pH

0-30 Clay loam

N (mg kg™)
0.58

P(mgkgh) K(mgkg?
8.1 169.3 76

WAT-AY (o215 Jo 53 plalojl 3,90 gallaio lgh 9 O Slasule T Joso
Table 2- Climate Parameters of experimental location in 2017-2018

Month Temperature (°C)

Humidity(%)

Precipitation (mm)

Min Max Ave. Min Max Ave.
December 6.6 21.8 145 396 831 61.3 0.2
January 72 226 149 343 809 576 0.0
February 7.6 224 150 351 817 584 0.1
March 125 265 195 352 817 585 1.6
April 155 318 236 258 700 479 0.8
May 201 353 277 254 632 443 33.3
June 255 438 347 13.0 452 29.1 0.0
July 25.1 45, 355 134 442 28.8 0.0
Ave. 151 312 231 277 6875 482 Total=36.0

)5 3 o SS9 e lol S ol
0392 222 U 9,8 (igs (o215 SO pB)I 51 gy 2 3,90 p5))
35 5l 25 5 Jab 45 5 kol Sl duss a5
DS L ek o cojboodlel Cldas I g 505 4y bl
Aold g yiogilo B+ (loandy) iody Jolsh b g ol (Jodess

wbob B esd 0B daa S Ojpod il )b

P el dyb s el S5 b oslar oS slacSsh
15 calio cu3lS gu,b) olo )3 Ve ol a5 Lol slac,S
oS b cwsls F,6) oo (63 V- (Safara et al., 2016 cailio
bl 3,90 pB)l 5 (plin > CuBlS )6) ole (o3 Yo 5 (3T
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Table 3- Date of phenological stages for safflower cultivars

Sus ol Jol culs &, P9 CudS &, Py CulS )b
5 25998 Il . T = 1 = 1
‘a‘:e" Phenological &P C‘l)b &9y @)L' &%y @)b
Cultivars stages Date of occurrence Date of occurrence Date of occurrence
olo 39 Lbd olo 39 VT oo 39 Ldd
Month Day Week Month Day Week Month Day Week
b e e N 26 1 @8> 20 2 ook 12 3
Sl sl @8 15 4 Cyoke 10 5 Al 2 6
Ao 59, Ok 2 6 O 25 7 - - -
Sofeh 248l )‘l_é’l Sl 4 11 023595 14 14 20995 20 13
EgH 02598 22 18 Cudigenrd)| 8 17 Cdged)l 10 16
Gl sy 5l Codigerd)| 7 20 Cadigerd)| 20 19 Cudigend)| 18 17
S2idpid (S 25 5 24 2,5 10 22 sl 5 19
b e e Nl 26 1 ) 20 2 ke 12
SSr e 6l @8> 15 Cyoke 10 5 Sdao] 2 6
oy o)) e 2 6 ke 25 7 - - -
Parnian 48l s St 4 11 020595 14 14 20995 17 12
EgH 09,8 22 18 Cadiged)| 8 17 Cadiged)| 10 16
&l sy el Codgnd)| 7 20 Codgnd)| 20 19 Coligd)| 20 17
Syidepd Sty b 5 24 sy 10 22 sy 10 20
b e e Nl 26 1 ) 20 2 ke 12 3
S ke el @©d 15 ool 13 5 K| 2
Sl ©59) ook 6 7 ook 25 7 - - -
Faraman o4l e Lo 8 11 23999 10 13 23998 17 13
EgH 020598 18 17 Cudigenrd)| 4 17 )| 12 16
&b iy 5l Cdiged)| 31 19 Cutiged)| 15 18 Ctiged)| 20 17
So5olg b (S R 5 24 HEJES 10 22 HEJES 10 20
S N 26 1 @8> 20 2 oo 12
S r ke el @ 15 ek 10 5 i 2
bl &9 ook 6 7 ook 25 7 - - -
Goldasht moedlas L1 s 8 11 3953 14 14 3953 17 12
oAl el 098 18 17 g 4 17 i) 12 16
Wb gud s i) 31 19 o)) 15 18 o)) 18 17
Sosolg b (S b5 8 25 HEJES 10 22 RAYES 5 19

einlojl slaasly  oled cuildy oy 3 VF B Y
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Zoob) wls by o> cow (Fischer and Maurer, 1978) ,q0

25 blyy cuipa (pow <8 b)) LS (25 5 (Jg) ctls
A ealaswl

SSI (Stress Susceptibility Index)= (1 — z—;)/SI (@)

SN Ys
SI (Stress Intensity)= (1 — %) *)

TOL (Tolerance)= Yp —Ys (V)
(Ys)(¥s)

(Yp)2 (")
P edg; So oy Sles sla 1 Slo cuipa YP 5 YS oS

G s 5 YP 9 ¥S S siwd (i e g 35 (slalasee
OB g9t 9 U5 kalpd 0 gl pled 0 Slee (1SS (15
5 SAS o4 5ylol Jl3dle s eolitl b iyl 455 Coles
g oS (lasly wix g0l 5l edliel b o pSike dwlie
b plosl a6l

STI Stress Tolerance Index=

dily g yslac
DPze Sy 3535 5l (Sl il 3 Sloe (slaodly zols
Dy hoyd S g )3 S pB) g cl F)b s ole g
2 ool o8y & by ptalesl ol o 4l 5 Shes pliee ey
Slisn 08 5 ) 53 p Sk VDY (b b Jgl S
WY ke b pow cudlS )l j0 ddo o) )0 i oy
2o b g)bime Clis a5 ol 5l &S 2g S > p SekS
(IS g (B Jgaz) amils Galel cul 53 ey y90 slales
pe Jab Bl sl S (i gy o ob ol ey ool @l
pByl aS” glaseS 4l pB)l adS by 5 Shas b bz ialS 4
YV g 5o FF DY (lie o oy S g lol8 (i o
ool A Cud pow cwlS Fuyli po 1y ab 0 Sles ialS ws )y
MY ANY L ply ey oliee opl a8 Woby lis Gallas cuisls
DY 5l g cusls gyl > 53l 59y o (slil doys VWY g VD
obS 2550593 Job B @ (g5 o0 ) Shos d2g BB ialS
925 ol 9 YU slod L olS (ad) wlues Jolpe 2y 50 5
Bl 5 58y o Jsb) 2 ol b slesl s
¥ dose o cutS clise glage)lb )3 (uyn 590 B (S25ol98
Y. )..>L» depg b aS ob ol Jodo ol ol (cal ool ol
Comd & (pgr CullS F)5) 0jg) Frog (pg> udlS )6) o)
Sygo Hljpd ool slassly adS” cuiby gl cusls )b
290 Pl My 0)93 Jobo (b olisS Sl (L el (] &5 288
P eJgl cudlS )l )3 by pou g po> S G p3 (wy
YO LYY Shg) 0990 Jsbo > Gimogy nl )3 (s 3)90 SO

otalejl plsl 51 U Gl 2y o)l o plise e
Jopd Voo wlal (ol g oyt S (Sos05 9 o]y cud )b
(V dlasly) 28,5 & pg0 0l ol Sl

dn = (6fc — Opwp) X Drz x MAD (V)
dn = (30% - 10%) x50 x60%
dn=6cm

Gl o LAl Ges =dn
=hj byl abi )3 e Cugb, = Bfc
S2yey a3 e Cugb) = Opwp
(OM) 155 390 oL 4y JUb 3as = DIZ
(1) 5 3,90 ol 455 s = MAD

SSE 4y gad)y Abyo 50 gy 3j9e Clio Cales
o3t ) sglopdon Clio (ySoilul can c8)S 518 b)) 350
spme ABldnngs Sy S 5l (@S Sl ey o) Ve BV G
Bilo)l 4 g 85 Sygo (o hpdige Gg x> ddle Lol
(1976) s, 5 S bsylS el iomis jglate & A3 Jiie
») Lambda ez 210 Jus UV-S muwcalb jl aalazwl b 4 Arnon
05 Jibs lS cle 15,5 <515 (ol £Y0 5 ST (sloggn o
25 dplone Vbl 3o D 9@ Jidg IS ggeone
Chlorophyll a = (19.3xA663-0.86xA645) V/100W  (Y)
Chlorophyll b = (19.3xA645-3.6xA663) V/100W  (Y)

Chl o = Chl ath (¥)
(55eke 5o 31 ool (Jligh Jgbs) 05 Slos Jgbr oz =V
Segb ¥V 5Y0 SEY slagse Job ) )9 oo =A
P o p Niged 5 (19 =W

Loass by 3 SV el el it gt w
e 9 iz gy 5l 5laeSy w3l ¢ (Dhindsa et al., 1981)
Sy d> e 43 0 eslanwl (Chance and Maehly, 1955)
A Bl ey i) als 5 Slas )00 car 38 Sdgs
S pdiged cye yio VXY @lyaleS il edlainl b« )Sym j> audls
g Jiie oliuloj] 4 aillas dbgy e (sladigy Ly 285 O ygu0
celo YA Gde dn o5 Slo a3 0 VO cled o g o9l o
(Slon 3, 8os) Siidodle (g 5 (njsf Saome 9 HAS 0 lSES
09 5 )l 093 Ml an 00,5 sl lolej] (gladiges
pyoyio dols 13 iolejl 550 pB,l asly 5, Sl «oy S o slaaily
Gl oy daS g oS 5l €9y duoyd pad s Ad Aol
Osmen 005 odlawsl (Latif and Anwar, 2008) 55 <l yuss
gz 2050 )] G5 4 Jaos b g ool ol300 5500 ol
Jos (S1) i 01 (SS1) i & Camlun slomsls
b Ly ooleiiy (STI) (a5 & Joos 5 (TOL)
9 ymiud o (Gilani et al., 2009) M3 (Fernandez, 1992)
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Shahsavari et al., ) wib Golite Wlg o Cilisee plB)l Jozo
Sy pMal bl (2012; Safara et al., 2016
(olo Cudigmd)l 4 g (29,8 Yoy Ve Ve) cdls cilises lage )b
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Samadi-Firouzabadi ) cusly jolam! ccsils 8y 4 s

.(and Yazdani, 2012

il 3 padledi g (S355d92) 09 g3 Css ) o ySlas
Pl b cildls il gl o )bire pESeap
A ol duopd K w50 dgiCuj 2 )Sles a1 5L,
do)S i & odgicumj 3ySles JiSTy Jlas oyl jlg (P Jsi2)
Dg yudw b L Jg ab s Sas 1Sl b s g1y,
LS 15 gy o a8 4 5 <l @b B8b L Silea
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Table 4- Analysis of variance for morpho-physiological traits of safflower cultivars under terminal heat stress

©lape ke
) il ‘ oyl CBE OB b
. . Ofgy ey Skes g5 CAT oS
&l 3 Slos S99 ORI L " ]
SOV df T ke Dy oil o9, Total activity Sl i
Grainyield  Biological ~ Harvest percentage = POX
yield index p g Qil yield chlorophyll activity
concentration
Block 2 57322 ™ 5918867 ™  43.16 ns 11.67 ns 30417 ns 0.0051 0.0000094 0.000035
SOWI(rE) date 2 9255180 **  419236382**  132.7 ** 79.69 ** 986782 ** 0.13 ** 0.0065 ** 0.031**
E(A) 4 27369 6853382 55.1 1.63 10720 0.0092 0.000011 0.000038
Cultivar (B) 3 1332962 **  32067354** 55.3 ** 28.58 ™ 177598 ** 0.0085 ns 0.00026 **  0.0033 **
A xB 6 274732** 10157513 ** 18.7 ™ 20.18™ 41246 ** 0.0056 ns 0.00011**  0.0021 **
E(ab) 18 0874 2261133 12.4 13.16 9164 0.002 0.000018 0.000051
CV (%) 7.05 12.22 16.19 13.22 13.77 3.54 17.99 7.69

7N g 70 Jlisl pdaw 53 5 iz g 45 dxe e Cud iy s 9 % (NS
ns, * and **: non-significant and significant at 5 and 1% probability levels, respectively.

e 351 slo 5 S Ll )3 515 018, g udgdygm Olheo Bllie 531 (5o dummlis =0 Jyan
Table 5- Mean comparison of morpho-physiological traits of safflower cultivars under terminal heat stress

VB s

S5 3, Sos . . J KWW JURVN | PY:

Treatments Bi[,fg:;ﬁ:m yield (s, L Ewe/es o CAT activity "PoOX ;::tiv"ity

(kg.ha™) Grainyield (kg.ha™) Oil yield (kg.ha™) p(rL(J){[rer;%) (U/mg protein)
Sofeh 16251 ¢ 2745 cd 842 cd 0.05552 ab 0.07719 e
Sowing date Parnian 16036 ¢ 2986 ¢ 792 cd 0.05289 b 0.05096 g
(11 December)  Faraman 23352 a 4151 a 1231a 0.06164 a 0.03785 h
Goldasht 19482 b 3627b 1027 b 0.03333 ¢ 0.09147 d
Sofeh 10395 e 1984 f 465 ef 0.01402 de 0.06963 ef
Sowing date Parnian 10051 e 2573 de 747d 0.00952 de 0.05194 g
(31 December)  Faraman 13144 d 2940 ¢ 942 bc 0.01635d 0.06265 fg
Goldasht 10072 e 2380 e 693d 0.00761 e 0.06787 ef
Sofeh 5907 f 1277 h 303 f 0.00975 de 0.12411 b
Sowing date Parnian 5857 f 1669 g 366 ef 0.00842 ¢ 0.10762 c
(11 January) Faraman 7230 f 1651 ¢ 412. ef 0.00998 de 0.18862 a
Goldasht 9825 ¢ 1887 fg 520 e 0.00902 de 0.19098 a

)l doyd gy el a3 S yge3l 3l ookl L (615 sime M cuSiloo gty (sl S yide B S sl (slocnSilo
Means followed by the same letters for each factor are not significantly different by the Duncan test at 5% probability level.

Juad 51 5la 5 L5 bl )3 55 08,1 S 53l udgd 0 liao ik dumalio T Jgi>
Table 6- Mean comparison of morpho-physiological traits of safflower cultivars under terminal heat stress

Sowing date 5 g b5 il . Cuslsp gadle - o) 2y
Total chlorophyll concentration (mg.g~fw)  Harvest index % Qil
(11 December) 28.79a 18.08 b 1.366 ¢
(31 December) 29.04 a 2270 a 1.452b
(20 January) 24.45h 2454 a 1575¢
Cultivar

Sofeh 19.25b 19.2b 1.423b
Parnian 25.16 a 25.1a 1.458 ab
Faraman 21.68ab 21.6ab 1490 a
Goldasht 21.02b 21b 1.458 a

)15 o3 g Jleis] pdaw p3 5SS yg0jl 5l edliel b ()l sime IS ¢ uSikio I gty (sl S yidie By S ) oo Silo
Means followed by the same letters for each factor are not significantly different by the Duncan test at 5% probability level
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Dhyani et al., 2013; ) wob cuws byS il cod 3Mds IS
b ololy o8, 0 (awyy 380 pl8)l o y> .(Nawaz et al., 2013
85 Jed9slS Olie rpsin 5 0ds 205 0 P25 s VYR (55l
Solds Ly g casllS pBy L (e ol 5l andl oS sl 1, Sy o
(7 Jgiz) cuslis s cpl 5l )l gime
sty 9 HYGIS cas 3T slacullad

aidllae 3y90 pB) 45 ol yLis YIS Loy pl culld )y
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of four rice cultivars in Table 7- Estimation of tolerance and susceptibility indices and reduction percentage for grain yield
two sowing dates

STI (Stress

SSI (Stress

A TOL ks Ys Yp .
Reduction (%) T(I)Inedrs;)ce (Tolerance) Susi:ﬁzgl)t())lllty (kg.ha™)) (kg.ha'h) Cultivar
Sofeh 2745.1 1277.3 1.03 1467.8 0.31 53.5
Parnian 2985.8 1668.9 0.85 1316.9 0.44 44.1
Faraman 4151.1 1650.8 1.16 2500.3 0.60 60.2
Goldasht 3626.7 1887.3 0.92 1739.4 0.60 48.0
Mean 3377.1 1621.06
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Table 8- Correlations coefficient between morpho-physiological traits of safflower cultivars

1) 2 ®) 4 (®) (6) (7 ®)
PHARIOIYS
1.00
Grain yield (1)
S5 Skes 0.96**  1.00
Biological yield (2)
ey bl 053™  071L* 1,00
Harvest index (3)
. P9 h22 0.64* 055™ -037™ 1.00
Oil percentage (4)
“'fi’)_ > 0.98** 0.93** -053™ 075*  1.00
Oil yield (5)
SIOE L 0.75% 0.87* 070* 033™ 072% 100
CAT activity (6)
51_\,,*51)4’_:‘_4149 -064* -055™ 025™ -043™ -063* -049" 1.00
POX activity (7)
IS Jdg)ls ke -068* -0.74** 0.62* -040™ -064* -0.76** 0.72** 1.00

Total chlorophyll concentration (8)

bl e Mo yd SO g o gy Jlein ] e ) I dxe )b xe juE i pd w9 % NS
ns, * and ** not significant and significant at 5% and 1% probability levels, respectively.
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Introduction

Terminal heat stress is a major abiotic stress especially in tropical and sub-tropical regions that severely

reduces crop growth and yield. Safflower (Carthamus tinctorius L.) is an oilseed crop grown mainly for the
production of high quality edible oil rich in polyunsaturated acids. This annual crop is native to a climate with a
long dry season and a limited rainy season and compares to other annual crops has more resistance to drought
stress. In addition, it's resistant to some diseases and susceptible to humidity. Since, to obtain the maximum yield
of a crop, it is necessary to escape the development stages of (the/a) plant from unfavorable environmental
factors and the full utilization of plant from favorable environmental conditions. Since the length of development
stages more affected by temperature and day length, hence sowing date can be selected so that the different
stages of plant growth were adapt with optimal temperature and day length. Yau (2006) indicated that later
sowing of spring safflower in semi-arid and high elevation Mediterranean environment resulted in lower seed
yield and later flowering does not allow an escape from the terminal drought and heat. Yau (2006) indicated that
later sowing of spring safflower in semi-arid and high elevation Mediterranean environment resulted in lower
seed yield and later flowering does not allow an escape from the terminal drought and heat. The aim of this study
was to investigate the yield and yield components of safflower cultivars in response to different sowing data in
Ahvaz.

Materials and Methods

In order to study the effect of sowing date on yield and yield components of safflower cultivars, this
experiment was carried out as split plot layout based on randomized complete blocks design with three
replications in at the research farm of Shahid Chamran University of Ahvaz in 2017-2018. The main factor
included three levels of sowing date (11 Dec, 31 Dec and 20 Jan), and a sub factor including four cultivars of
safflower (Goldasht, Parnian, Faraman and Sofeh). Data collected on all parameters were analyzed statistically
using SAS software and mean comparison was carried out using Duncan test at the 5% of probability level. The
studied traits included grain yield, biological yield, harvest index, oil yield, total chlorophyll concentration,
catalase and peroxidase enzyme activity and stress susceptibility index.

Results and Discussion

A significant interaction was observed between the levels of sowing date and the cultivars in terms of plant
height, weight of plant, biological yield and grain yield. Among the safflower cultivars, the highest weight per
plant (143.3 g plant™), biological yield (23352 kg ha™), grain yield (4151.1 kg ha™) and the lowest plant high
(128.8 cm), was recorded in Faraman cultivar in sowing date of 11 December. In contrast, grain yield severely
decreased in the 20 January sowing date with compared to the 11 December. So that, studied cultivars of Sofeh,
Parnian, Faraman and Goldasht cultivar were decreased 53% (1277.3 kg ha™), 44% (1668.9), 60% (1650.8) and
47% (1887.3), respectively. Under the heat stress, due to delayed planting date and decreased enzymatic activity
of catalase, enzyme activity changed and the cultivars exposed to the terminal heat stress, but enzymatic activity
of peroxidase increased. Stress susceptibility index (SSI), Parnian and Goldscht cultivars had a high tolerance
with mean 0.85 and 0.92, while Faraman and Sofeh cultivars with an index of 1.16 and 1.03 had a high
sensitivity to stress.

Conclusions

This research appears the delay in optimal planting date leads to synchronize the plant's reproductive stages
with a high temperature at the end of the season. As a result, shorter plants, lower biological yield, lower grain
and oil yield will be observed, however, the response of the cultivars from each other was different depend on
their enzymatic capacity and the ability to maintain chlorophylls. Planting date should be selected such a way
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that this process does not a coincidence with terminal heat season. So, under hot weather conditions in
Khuzestan, selecting the optimum planting date can be an appropriate solution to reduce the negative aspects of
the terminal heat stress on the grain yield and component yield of different cultivars of safflower.

Keywords: Antioxidant enzymes, Grain yield, Heat stress, Oil percentage
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bl ying S mudglio g plgn i ) & Cunl (gdiofy) e
» &Sl jhagl Ka)S wpl ol g o) oS lie
ke O g Coled 3 9 ()5 ASlied JsSUge M
Ol 33 65y 365 3,8 cuse I3l (Sainz et al., 1998) 5l
oli8l o (Dwivedi and Srivastva, 2014) 5 Sles 3400 )
Shivay et al., 2016; ) gy &b > (g9) wis 5 clale 50
Gl odd )8 laxe @l (Farooq et al., 2018

dodbo

S > SIS BB 59y 9 b @l polis (g

sS4 wyly (Oryza sativa L.) g6, ady (]38l 5 olS i
3ySlas (ials o Claie g Ay il o polic (pl SgraS &S
&S ol (Sainz et al., 1998; Jeer et al., 2017) 5,5
Ay elS Cwglie @ &8 Wil SB ol gyl
WS (o S8 SB Sluogad dg (s 9 sl IS
Ty e edaaie wlgd SB b (Mahmoud et al., 2017)
(23 3 xSsl Skes dgme csiteg ol SR Jols
gl Lials g (Jeer et al., 2017) lagylow g bl e ialS
Lou et al., ) 5y 5 juwgd al,d 0 idn elygle axdl e
Ay dbgpe (b ol 2)5 b eabew cute Il )l (2016

B3 oMl 3131 olRKiisly (8,5 anly cely; 09,5 <65y s gel yiils -

ol

Ol B 3 oMol al5T o8tsls (5,5 sy el 09,8 (bl =¥

Ol retiadld ¢ oMol Sl3T oKty ¢ jio3s sy sl 09,8 6 bokiul —Y

GBS GBS (b @l g (555liS pole olStily sy 09,8 bty ¥

ol
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o) pbsl 5l Gua (Mazaherinia et al., 2010) 48 o sl
gl (b gl )5 93 4 59y 9 e SIS ooy gk
Syt 9 i polis Cla DS Sl dlais 4 B SL
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L g, 9 olge

09 Jol aihaie 93 5 e Galel 9 ©yg0ay gl
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b ol oy o @ly o omej 08 el VR0 Jl
9 dx D VE 5 B Job add VA g a0 OF oLl claise
O 9 by g Sl yte We gyl > bl (550 adds VY
48> YA 5 423 OF oldlyis clase b )5 adate )3 &l ()
Sre VY gyl p> (Jload (o0 adBYF 5 a2 05 5 (5,5 Jsbo
sl sblKe wlilsa Sl ol 8,5 418 Ly mew |l
ol 0135 Y gt 0 i My Jad b isle)l
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5 Jol gblie > S ol 4 13,5 Lasie 5 plosl (6 e 5l
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Olojed B ypas oS oy lis lddoee lawes W Jesds o oy
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Saha et al., ) o)l b 3Sdas 250 9 @y ab g9y clale
&S ol sy 4 g9y 1uSlgl &S Kdges 5,155 (e (2017
9 Shm oy b > @pta s S @) olie jole
305 o oy Ay dgutp A e 1S e 2] ol ad, Lolus
(Yuvaraj and Subramanian, 2014)
SRS 5 Bl Sy 3 Cumer Gl e 4 Lol
Coonl (S> Bb I iy el 3 dpge omes g o b
3 s 3,Skos 2 (id 5 ap slagbyy S eslisl 5 S
ol il S J(Longping, 2004) cul edls (51581 1) pdaw sy
Alie 5ipaliS BiSe 3 9 (5yeld I eolinul g sl shs)
SioguiS Blisee gladin > (Si5leiSigl (S p)S (pyieee
oblS Giw ly bagSel | eolaiwl SB4 Ol sy
o Wlgi g0 b dlge 5,8 .(Rezaei et al., 2009) sl o
0538 g 0k5 SIS & Cuoglie dg0 olS Sl )3 @ pus
Orzen 5 oS A5 SRl (lid jolie Grae g 3l
e i gy boamlie  (lazecun) ol ials
b duwslie jd WdgS'sils ((Alharby et al., 2016) 25,5 onds a3 )5
Wy g 1)l 63Vl Bpan il (olend Jolite (sladgs
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Table 1- Meteorological data recorded during the rice-growing seasons in two experimental locations (Six month period from
March to September 2016)

Jlo slasle ol Oyl dayd bhwgle Cugh, hwgio SS9y ggeome olebw ggoone
Month of the Location Sl TP PR Ll dl:éi

year Average of Average of Total monthly Total sunny

monthly monthly relative rainfall (mm) hours (hr)
temperature (°c) humidity (%)

RO Amol 14.7 77 99.3 123.6
March-April Nour 13.8 80 129.8 121.1
b)) Amol 20.6 78 41.4 140.9
April-May Nour 185 84 43.0 159.3
sl 5 Amol 23.8 80 24.6 232.8
May-June Nour 22.7 79 27.7 260.8
5 Amol 26.5 79 39.6 203.0
June-July Nour 25.7 78 179.9 208.9
31350 Amol 27.8 76 11.4 2325
Ju|y_August Nour 26.7 79 46.1 251.1
I Amol 26.3 78 88.5 193.0
August-September Nour 25.6 78 182.6 205.9

Sroilu Yo U v Gos )3 aivlojl saSe SB Sluoguas -Y Jouo

Shedl cdw wy o EC

Table 2- Soil properties of the experimental sites in depth of 0-30 cm

o Soil Silt Clay Sand PH 1 P 0C OM P 1 K 1 Zn 1 Si
i ! ! y ds.m’ % % % mg.kg" mg.kg" mg.kg’ %
Location Texture %) (%) (%) ( ) (%) (%) (%) (mg.kgT) (mg.kg) (mg.kgT) (%)
Amol Clay 37 45 18 7.30 1.59 82 1.84 3.17 12.3 184 0.98 0.44
Nour Loam 44 20 36 7.51 3.02 63 1.66 2.86 10.5 116 0.81 0.28
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Table 3- Characteristics of the experimental treatments studied

(Experimental treatments) g lo;l (b jlowi

T1 (Control) sals
T2 (Soil application of calcium silicate) pulS S (SB 3,8
T3 (Soil application of zinc sulphate) ¢g, ©Wow (S5 3,8
T4 (Soil application of calcium silicate + zinc sulphate) (¢g, cldlgus (S 5,5 + pedS S (SB 3 ,)8
T5 (Foliar application of nano-SiO;) s LSl e3¢l il Jglro
T6  (Foliar application of nano-SiO, + soil application of calcium silicate) plS cllu (SB 5,18 + udow 1Sl o390 5 Jgloro
T7 (Foliar application of nano-SiO, + soil application of zinc sulphate) (g, Gligw SB35 + Lo 1Sl 63956 5L Jglxe
T8 9 Sligw SB 3 )l8 + ands Sl SB35 + sl 8T 6356 5L Sl
(Foliar application of nano-SiO, + soil application of calcium silicate + zinc sulphate)
T9 (Foliar application of nano-Zn0) sy, 1uSlsl b Jebe
T10 (Foliar application of nano-ZnO + soil application of calcium silicate) puds’ cllus (SB35 + (59, 4S5l b Jole
Ti1 (Foliar application of nano-ZnO + soil application of zinc sulphate) g, cWew (S 5,5 + g9y 2uSlel 5L Jgle
T12 9y Sllgw (SB35 + el Sk (SB35 + (g9) STl (8L Jgloxe
(Foliar application of nano-ZnO + soil application of calcium silicate + zinc sulphate)
T13 (Foliar application of nano-SiO; + NaN0-ZNn0) (59, 1wyl (b Jsloxe + sl oSl 53936 o5l Jolono
14 pelS” S (S 305+ (555 2SI o3 Jolora + b 20T 390 (B Jplone
(Foliar application of nano-SiO, + nano-ZnO+ soil application of calcium silicate)
15 3y iy (S 3,l8 + (55 2mSTls (3 Jgboee + uakios 2S 53986 o3l Jolone
(Foliar application of nano-SiO, + nano-ZnO + soil application of zinc sulphate)
T16 9y Slilgu SB35+ pnlS Sl (S 3,5+ coy 38Tl 5L Jsloee + usbis 2T 0396 3L oo

(Foliar application of nano-SiO, + nano-ZnO + soil application of calcium silicate + zinc sulphate)

2 eSS V0 i g Jol dilate gl e > p)SelS
4 S @l Golol g 4l ©jg0 4 g ailaie ol e
95 b yolie SBB3p)l8 cas 3,5 Blsl ilejl slacs S
PSS ¥ e o el Sl i Sl o 3557 e,
4 g9y Clgw i 3l g9y 355 o (Yazdpour, 2014) ,uSs
odd Cys glajles 4 ey b US> p)SekS ¥ e
eldgbre 3 Gpan bl oS 4l Ojgon
A p e Suke 00 Jaie & sy 2eSIEh 5 oSibsh
Jka > (Ghasemi et al., 2017; Upadhyaya et al., 2017)
s jdonis lawlgl ¢ Sdoy sluwl) ol w5l elus g whe dl> o
25 3590 S 53 (JolS ey dloye 5 pileladss poals
ook e 93 2 & S5 Sbjled 3 pizer S el
Ol JSa > p)SelS Vor Hlde )5 3 ool )90
B4l 0)50 S 3 g9y @rie 93 o &S Sloj g S
35 Bpan 59y Clilgw LS )3 p)SelS Ve laie Al 48)S
355 ptalesl 53 oalitil 3,90 (59) STl 5 (55l (glagS
US Research Nanomaterials, ) 5 yel 5506l colisios <8 i
J932) 23,5 and ololnl dlgeglh (Lt <8 5 5l 48 5 (InC.

(¥

slel e g edle oyl (halojl cpl 53 edlitul 3)90 o3

oidg) Je Bye lel p dlE e Ll sl Slles
Je gilse b gl Gl p0 bl e g ealol ((Sizadly
Alol 2 s @iy S 5 5 S8 ey sladle bl
doss 2 9 b 03] w3ud Sy ol 95 bawg (e olo (ere
Thad 5 (A5 0yleg p3ed Jold Jol Sllos Cudigud)l g
4 1 ol (Sglune )5 FA 4y Galogl (e ¢ 35 plx]
On 8355 Pl xSole sl g @pe e OXY ©pS p slal
b poisle ¥e Bas 5 (oye a4 S G 5y il (glajlog
> po 53 L (S Al an b gandle (Sl Jidg
O3 4 ) oo YO 4 ool glis)) & Gl 5 (S ¥-F
35 4 gyt Vox¥e Juolgd b (6,51 ¢ sl Jlas) Lol
Gl ibais 93 by 6L 06,8 pbol 45 ja o Ui s
Tl shed 398 38 el ole cuigmd)l Bl sk
5 b Oypo iSe )3 pSElS Ve e 4 oy Clawdpge
a3 WS )3 p S ek VO (lie 4 sl @ie Sl ey 98
Olej 3 pgwr S dlS (o )3 pgw S4) bands © g0y Al ye
20 @l 4 dagi by ((8)ades ploj )3 pow Su g ek
ob sl laplSe )3 s, 4l 5 oS, @ ot S
Voo Jhde 4 ey Sl mie Gl el 38 A5 By
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Table 4- Analysis of silicon dioxide (SiO,) and zinc oxide (ZnO) nanoparticles

Ol 4345 JRVT LRV Oly3 310 *8lg o515 S,
NPs Purity percentage (%) Particles size (nm) True density(g.cm™) Color
SiO, >99% 20-30 24 white
Zn0O >99% 10-30 5.606 Milky white
oy g gl Oy Aye 93 Gy sladile JpiS gy el Jolye b

wdigd b

il cos adgh S 3l o5 by e S uls
b bdme (P/oN) (9 9 purbew 2008 lagsi) 5 (e
Cho y g)bine Sl bl sloles 5 (Ko Jlite Il Jy
Sles 31 Lt 5l 1 eSiles dumlio (B Jpiz) cudlts 6o
YEOY) Jol 5y (e lo YOIYS) jg adlaio )3 adgs Job
Dol sloles Sl (Sile duglia () JS5) 331 (a5l
SOEY o pSlhe b cuwipay adgs b ppal b olas
5 T15 T14 T13 (clalag 5 yio b YOIOY 5 YO/OA FOIVY
)8 e Liolesl clajles plo b as )31 s sanlie T16
Ml sali 5 Bpaer S Ojpoty uwluw 5 g5, S8l
YYOY (pSbe b adgs Jobo o y5obisS sl (gl sze (5Ll
(T1) 59y 9 Luebew By pae b wald llpd cod ol
ol (S5 o Ky i Jsb S (5 Jpie) 5 Sl
lgo g gdinds ljee o | e Gl Jolse 156 o5 g
4 «(Kheyri and Mobasser, 2016) >,5 » ,,8 35 ole
5 o e polie (33381 L 55 sl 3o > o gleisS
$9) 9 ol (S5 08 035 03938l o (pl ke (5
2 adg Job Gl ) e Ol (TA) Spae Sk )jg0n
(T1) als 5 (T2) $Blas & pods urkeos (SB Cbpuao b duglio
il ©ygon 59y SB Spas b o)l gne SST Jg culy
Bl 5 S5 0,8 e eyl e (oyle] glés il (T3)
Bl g Sldgl (b Jgle g, skl b s 9 59,
3008 b dusliie 13 (T9) g9y (8bJole b ads Jsb > (J5li5
i (T5) bl il Joloxe Jy 25 Sl (T3) 555 (S5
(T2) s SB 0p)8 L anlio > adigs Jsbo o xe il
polie o & Cud ol ) S oS [ Jpa) 435
ANZer-) 50 4 Job Gl a5y elas J) alié
oher 9 (Swlped owl (Alam and Kumar, 2015
2 o @l oy L (Ghasemi Lemraski et al., 2014)
Sibge & wob AF @y 3Slee lp 5 oSk
pis b dulio )3 add b (003 V¥ (a8l G urkiosil
235 ol By

b ebasd 0j)ke gl g o)L jlam oy YA 5 VY (b o s
S S0 > 52l VIO ke ¢ () 85 o b (bl
PS5 L ojle lp comizen b el UL ) ais
Ol 4 (2o Ve JoilS) ogihs piSepis | @ lpadle
b g Sy Sl el 3 JUSe > ppSels N0
Sl Bl Sl aey Sojlarid Sty olej o 2,S odlsl
2 Blal Ojgon o) Wit Clas )5 Glanils
b oads Job oms b Seilil il o 5l S
iy 35 5,8 plool &8 a3 g VY (g 5l (6pSojl
2 R Al @)S a3 a8 WY gy 5l Gl b aST 55 a0l
baly I ()59 9 @8 o 50 Algd Ve o) I bsledd b adgs
S K led oSyl edlitel by g ol wly Voo 5 ledd
$9ily duwgas o] cpje 9 (PFEUFFER, Germany) slogs!
£S5 oy g lopd VW Cughy wlul g o/ee) CE L olus
g colue (Sgld) ails Sles o i 035 e
adls Jl Bl cole) L) pllel @8 5o bawy I @i
38des ol 1 ails (gilulir g (295003 5l g 03905 ity
Olise o slp b Al dop VY Cogb, (sle il
b diges p)S Ve Hlaie & )8 il @i 0 olie polie clale
ol b (650108 Jlo )l olRitolejl 4 a0 )3 VY gy L
0y oKiwd jl ool L 4 (Yoshida, 1975) g (yosy L
ol 5 () il s Gl <550 1) LSS
Emami, ) (AAAS") gldas o3l Gla o9y b olS )3 (s
Thermo electron, Juio) oil s oKy 1 eslazwl b 5 (1996
o1 (g ySojuil yolie Clale e cysesd j] ymg 1 il (USA
P A p Sas ol xezs Gpalols jledlaiwl b gy aly 4o
o g A 0 e Ol e o 4 bgye glackile
PR e 2 @Al ) e Glie 9 JSe ) pSeksS
b Gislojl cloodls Syo iy 436 033, deolms S
0503 ol 52 B uSile duglio s MSTAT-C ljils 1 5l oslizul
Oygo doyd gy Jein! mow 45 (LSD) b bze cgles Jolus

A5 plosl EXCeL Hl3ale 5 lawgs bajloges sy 28 )5

1- Atomic Absorption Spectrophotometer
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Table 5- Combined analysis of variance for yield components and grain yield of rice affected by experimental treatments

Sy aolia B Al b AT b axuolag adgd 3 paliolan Al g5 ey g
R ;! Panicle No. of fertile tillers No. of filled grains 1000-grain o
Source of variation o length hill ™ panicle.% weight Grain yield
(Location) .S 1 11.4™ 14.1"™ 27.6™ 0.09"™ 1035218.3™
(Error) s 4 0.3 1.962 57.3 0.17 172940.0
(Treatment) ,los 15 44" 10.02" 635" 0.11™ 427350.6"
(LXT) Jlos x oo 15 0.9™ 3.7 57.17 0.18™ 133017.5™
(Error) las 60 0.6 15 28.1 0.51 144124.9
et . 33 7.4 5.8 28 8.9
CV (%)

sy Sy g iy Jloi o )3 fosne g e it sy

# NS

™ "and ™: Not-significant and significant at 5% and 1% probability levels, respectively

oilojl g ylows 1T o gy 4l 3,508 g adigh Jgb il dmulie -1 Jgus
Table 6- Mean comparison of panicle length and grain yield of rice under the influence of experimental treatments

Lo adgd Job aild 3, Sos
Treatments Panicle length (cm) Grain yield (kg.ha™)

T1 22.52 3632
T2 23.50 3948
T3 24.10 4023
T4 24.93 4371
T5 24.97 4081
T6 24.75 4263
T7 25.17 4462
T8 25.43 4580
T9 25.22 4253
T10 25.38 4477
T11 25.02 4373
T12 25.25 4233
T13 25.63 4623
T14 25.72 4643
T15 25.58 4283
T16 25.52 4316

LSDxs, 1.358 620.0

23b o 5 ine BMiS) 1816 do > iy Jlein! o 53 LSD 9051 (wliol oy 2 p3 il by 5 Jolis (6l (slapSibo
Means followed by similar letters in each column are not significantly different at 5% level of probability according to LSD test

(50 3lo) aiigs oo
Panicle length (cm)

254 -

25.2 A

25
24.8
24.6 -

244 -

24.2

' 1

a

Location

Nour

Ty s Job 2 o FT 58Sl duglie ) IS
Figure 1- Mean comparison of the effect of location on panicle length of rice
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S )3 Hul dany lass
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Table 7- Interaction effect of location and experimental treatments on fertile tiller number per hill and filled grain number
per panicle of rice (Amol and Nour Regions)

L, los S 4> 49, asy dlaai Adgh 4D g dld dlaxs
Treatments No. of fertile tillers hill* No. of filled grain panicle™

Amol Nour Amol Nour

T1 14.53 13.13 83.77 81.53
T2 15.77 15.03 89.40 88.03
T3 15.70 16.03 93.37 87.60
T4 18.07 16.57 89.60 97.07
T5 15.63 15.90 98.80 85.80
T6 17.50 15.53 91.47 100.0
T7 19.00 16.50 90.83 94.10
T8 19.73 16.73 86.10 95.00
T9 17.07 16.50 92.83 90.93
T10 19.50 16.37 95.60 94.40
T11 16.97 17.07 90.93 83.50
T12 16.10 17.13 94.50 88.93
T13 18.87 18.47 96.23 93.90
T14 20.03 17.70 91.47 95.50
T15 15.97 17.83 92.00 90.23
T16 16.33 18.00 94.17 87.37

LSDyos 2.056 8.671

bl o Iy xe BB WB o> gy Jlein! o 13 LSD g0l Lolel p gt o 50 aliie By G JBls gyl (oo Sike
Means followed by similar letters in each column are not significantly different at 5% level of probability according to LSD test.
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i3 leg 5 nadgs s S Ll slo i 4 lié ol
Amanullah and Inamullah, ) 55 . JS Sis oole geos
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s reS &l > (59, chle & ladyly > (59) Spae Sl
b 3 )See Ll 5 (59) 2o PRI o ()3 e yobots )
b Y90 Lo ¥ (8 yuao (Jaksomsak et al., 2017) 555 .
b > Slas (ghoyd FO Lili8l o mip el Aby dlspe )
Lavinsky et ) 15,5 (oasy alsyo cpl 13 )] G yme pas 4 G
Dialsdl dlawlsay gy 4l 3,Slee Il wizpen (@l 2016
2 oo 02981 L (2138 polie jip o g 0 Shee il )
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Table 8- Combined analysis of variance for Si and Zn concentration and uptake of rice grain affected by experimental

treatments
TR 4’;"‘ -4.513 O u.lalc 4\513-W u» &> 59, uJaJ.c - &> g9, u..b
Source of variation i; 3 Si concgeP;irr?tlon in Si ugprt:ilﬁle in Zn cont;err;tigatlon in Zn Ze;?rlfe in
(Location) e 1 0.3" 6171.3™ 18.2" 2583.3"
(Error) L 4 0.2 1347.4 8.03 199.4
(Treatment) ,logs 15 1.57 6927.5" 131.6™ 3696.6™
(LXT) jlog x 550 15 0.05™ 688.1" 1.6™ 165.6™
(Error) s 60 0.5 14479 14.6 390.7
et e - 131 153 132 158
CV (%)

o) S5 g i Jlein] zolaw 50 )b pixe gyl gime i e N 9 <
, and : Not-significant and significant at 5% and 1% probability levels, respectively

ns

# NS

olejl s los il ot g 4l (595 5 e e g SIS (uSUlie dunlie -4 Jga>
Table 9- Mean comparison of Si and Zn concentration and uptake of rice grain under the influence of experimental

treatments
Lo A1y (o Cdile &1> o ail> (g9, ke il g9y e
’ Si concentration in Si uptake in grain Zn concentration ingrain  Zn uptake in grain
Treatments grain (%) (kg ha") (mg kg™) (g ha)
T1 4.70 169.3 16.92 62.67
T2 5.55 218.9 22.62 88.50
T3 5.01 201.7 26.95 108.8
T4 5.70 250.3 29.40 129.0
T5 581 247.3 23.85 97.33
T6 6.15 261.2 24.65 105.2
T7 5.95 266.0 30.00 132.7
T8 6.35 290.8 30.75 140.0
T9 5.16 219.8 31.15 131.8
T10 5.63 252.1 31.35 140.7
T11 5.16 221.0 31.60 134.5
T12 5.85 246.0 32.65 136.2
T13 5.95 277.3 32.42 148.8
T14 6.40 297.0 32.65 151.2
T15 6.11 262.0 32.85 139.8
T16 6.38 276.5 33.30 143.2
LSDse, 1.224 62.15 6.248 32.28

2l o I3 gxe BB 1B Mo > gy Jloin o 13 LSD g0l (bl p cygins o 50 il By o JBlis (lyls cla pSSleo
Means followed by similar letters in each column are not significantly different at 5% level of probability according to LSD test
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390 SO ) @ ullS lisee Sl ) &l 55,
;500 2l > (Farooq et al., 2018) cél il ilejl
Shdslone 59y 3p)8 Al slahe) om p> oS 0ad )15
Gl )0 gy yude Gl Guw olS Ayl als e aw (b )
Shivay €t ) 13,5 (59; (SB35 5 0)lSe (8bJglore 4 Cons
3515 &S ol oo ] Ao 5 e ple b (al., 2016
Wl 3 Slos (pizen g olS b 3 g9y chals Rl cuw 5,
Dwivedi and Srivastva, 2014; Tuyogon et ) 5,5 . gy

(al., 2016

132 -
130 -
128 -
126 -
124 -
122 -
120 -
118 -
116 -
114

Zn uptake in grain (g.ha?)

(S y5 p)3) wiby g9y o>

@il pu gy i g OBl
Ol 2 las odly uilyly ajo Jodo 4 by s
oilejl sles b ot @ A gy el clale
el slasles 5 e e Sl Jy <55 5 (P<-14Y)
ol i p b (e Sl pizen Al e S e Slao
dulie @l (A Joio) 28 )b dne (P</20) g8y &by )5 )
e i o 3 ol (7 JS35) el ol 51 oSk
aibaio j jin doyd ALY dgas Lol adlaio )3 gy il ) (g9,
Lails 4 jaie ol e JU! s 4 by o0 5 0 o5 g2 g5
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olS ) 0)95 Job 53 (V Jgio) jieS ()b g owle &l
ol e 53 5L el 5 Shas (izpon 5 yg9 athaie b duglio )
VYN Sbe b g 4 13 59y Clale e o yidin AL 0392
sl b ar Sl as Jobs T16 Jlog 5,5 L p)55kS 5 p)S e
T GBI T6 5 T5 T3 T2 T jos oy 3y90 (sloles
YA/ i b o aild (g9, cdale i oy yieS Cubll (g)ld me
Al 5,5 L a8 b sdaline (T1) sals bylws » ials as)d
28,5 5 s)lel 098 S 5 (T2) BpaemSB bg) & urlios
Shdalre By 9> 4 () I edlatwl a5 oy (L aos
ab o ggy cdale e (li8l 4 e Bpae S 5 @lydgl

Location

T A1 43 Gy i Ol 2 e ST (Rile dulio —Y JSS
Figure 2- Mean comparison of the effect of location on Zn uptake in rice grain
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Introduction

Among the nutrients, silicon (Si) and zinc (Zn) play a key role in improving plant nutrition and increasing
rice (Oryza sativa L.) growth, because their deficiency reduces growth and yield. Si, as one of the most abundant
soil elements, helps to increase the amount of photosynthesis, improve performance, prevent lodging, and reduce
pests and diseases. Zn is one of the most important micronutrients involved in protein synthesis and carbohydrate
metabolism. One of the most important uses of nanotechnology in various aspects of agriculture in the water and
soil section is the application of nano-fertilizers for plant nutrition. Nano-fertilizers can increase the nutrients use
efficiency, improve plant growth and reduce environmental impacts compared to traditional methods. The
purpose of this research was to evaluate the effect of Si and Zn by two forms of nanoparticles (NPs) foliar
application and soil application in order to increasing the nutrient uptake efficiency and improving the rice grain
yield.

Materials and Methods

This experiment was conducted as a randomized complete block design (RCBD) with 16 treatments and three
replications in two locations of Mazandaran province (Amol and Nour) in 2016. The treatments included two
forms of Si and Zn application: foliar application (nanoparticles source) and soil application (common source) as
individually or mixtures treatments. For soil application, Si fertilizer was applied at the rate of 400 kg Ca,SiO,
ha® and Zn fertilizer at the rate of 40 kg ZnSO, ha™ as basal in experimental plots. Foliar application of nano-
SiO, and nano-ZnO in the concentration of 50 mg L™ was applied at four plant growth stages (early tillering,
middle tillering, panicle initiation and full heading stage) in plots. At the end of season, some yield components,
grain yield as well as the concentrations and uptake of Si and Zn in grain were determined. The combined
analysis of experimental data were done by using MSTAT-C software. The means were compared using the LSD
test at 5% of probability level.

Results and Discussion

The results revealed that yield components, yield and concentration and uptake of experimental elements in
rice grain were significantly increased by Si and Zn application in both methods of NPs foliar application and
soil application compared to the control. In the case of soil application of the elements, combined use of Si and
Zn was never statistically superior to use of only Zn in terms of yield, concentrations and uptake of test elements,
but there was a significant difference in the sole application of Si in terms of panicle length and Zn concentration
and uptake in rice grain. The combined application of Si and Zn as soil was statistically superior to the separate
application of both elements in terms of fertile tillers per hill at Amol and filled grains per panicle at Nour site.
In the case of NPs foliar application, combined use of Si and Zn was not statistically superior to use of only Zn
in terms of yield and all other studied parameters, but superior to the separately use of Si for fertile tillers number
in both experimental sites and Zn concentration and uptake in rice grains.

Conclusions

The Zn application had a better effect on Zn concentration and uptake in grain compared with Si, but there
was no significant difference between Si and Zn application in terms of grain yield. There was no significant
difference between the methods used in this experiment in terms of grain yield and concentration and uptake of
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Si and Zn in grain. Therefore, according to the results of this research, NPs foliar spray and soil application of Si
and Zn is effective way for increasing concentration and uptake of test elements and as well as improving rice
grain yield in soils having low-availability of these two nutrients.

Keywords: Application method, Application source, Elements uptake, Grain yield, Nanofertilizer
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