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Introduction

Mung bean (Vigna radiata L.) is native to India and its seeds are rich in phosphorus and protein. Drought is
one of the most important limiting agents of plant production. Carbohydrate metabolism and the process of dry
matter distribution is disrupted by limitation of carbon stabilization due to stomata closure and reduction of
photosynthesis under drought stress. Potassium is an essential nutrient and the most abundant cation that it has a
major role in plant growth and almost all related activities. The presence of potassium enhanced the synthesis of
hydrocarbons and proteins, which results in amplification of plant tolerance to drought stress.

Materials and Methods

Experiment was performed at Agricultural Research Institute, in 2017-2018 to study the yield and nutritive
value of mung bean. This research was conducted as split plot based on a randomized complete block design
with three replications. Main plot was drought stress consist of 60, 90 and 120 mm evaporation from the A class
pan and sub plot was including 0, 85, 170 and 255 kg.ha™ potassium sulfate fertilizer. The characteristics plant
height, biological yield, seed yield, insoluble fiber in neutral detergent, insoluble fiber in acid detergent, water
soluble carbohydrate, crude protein and dry matter digestibility were measured. The samples nitrogen content
was estimated by Kjeldahl set and it was multiplied by the protein coefficient 6.25 and the crude protein
percentage was calculated. Van Soest method was used for measuring of insoluble fiber in neutral detergent and
insoluble fiber in acid detergent. Ethanol was utilized to measure soluble sugars by sulfuric acid method. The
percentage of digestible dry matter was estimated according to Equation (1).
DMD= 88.9 - (0.779xADF%) 1

Variance analysis of data was carried out by MSTAT-C software and the comparison of the means was done
with Duncan's multiple range test at the 5% probability level.

Results and Discussion

The results showed that drought stress treatment on all mung bean plant characteristics was significance at
1% level. The effect of sulfate potassium fertilizer on plant height, biological yield, seed yield, insoluble fiber in
acid detergent, water soluble carbohydrate, crude protein and dry matter digestibility at 1% significance level
and on insoluble fiber in neutral detergent were significant at 5% level. The interaction effect of drought stress
and potassium sulfate fertilizer on Plant height, biological yield, insoluble fiber in neutral detergent, insoluble
fiber in acid detergent, water soluble carbohydrate, crude protein and dry matter digestibility at 1% significance
level and on seed yield were significant at 5% level. The results showed that in the control irrigation +
application of potassium sulfate fertilizer (170 kg.ha™) compared to the control potassium treatment, plant height
and biological yield increased by 37.9% and 89.6%, respectively. In the control irrigation + application of
potassium sulfate fertilizer (170 kg.ha™) compared to the control potassium treatment, dry matter digestibility
increased by 30.12% and insoluble fiber in neutral detergent and insoluble fiber in acid detergent decreased by
44.3% and 43.8%, respectively. The most amount of water soluble carbohydrate (18.3%) in 120 mm evaporation
from A class pan and the highest value of crude protein (22.8%) in 90 mm evaporation from A class pan and in
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both characteristic application were effective 170 kg.ha™ of potassium sulfate.

Conclusion

The result showed that interaction of drought stress and potassium sulfate fertilizer on quantitative and
qualitative of mung bean traits was significant. Plant height and biological yield increased 37.9% and 89.6% by
addition of sulfate potassium consumption from 0 to 170 kg.ha™ respectively. Seed yield enhanced compared to
control treatment (33.8%) by using of 255 kg.ha™ potassium sulfate. Drought stress decreased dry matter
digestibility and it increased crude protein, water soluble carbohydrate, insoluble fiber in neutral detergent and
insoluble fiber in acid detergent. Potassium sulfate fertilizer amount 170 and 255 kg.ha™ recommend for
maintaining of yield and qualitative of mung bean in Sistan region in non-stress and drought stress conditions.

Keywords: Deficit irrigation, Dry matter digestibility, Insoluble fiber in neutral detergent, Seed yield
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Table 1- Physical and chemical properties of soil in experimental site (depth 0-30 cm)
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. . available available rganic matter 5 3
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Table 2- Total irrigation water in different irrigation treatments
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120 mm evaporation from evaporation pan class A
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1- Crude protein

2- Acid detergent fiber

3- Neutral detergent fiber

4- Dry matter digestiblility

5- Water Soluble Carbohydrate
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Introduction

Due to climate change, increasing and maintaining the current level of production in low rainfall conditions
in semi-arid regions is an important challenge. On the other hand, agriculture in these areas is often of low
productivity due to low water use efficiency. Considering the fact that Iran is one of the challenging arid and
semi-arid regions of the world, so it faces the problem of water shortage and precipitation. Therefore, in such
circumstances, finding eco-friendly solutions to increase water use efficiency to achieve sustainable agricultural
goals seems necessary. In recent years, many efforts have been made in this field, in this regard, limited
irrigation and the use of superabsorbent into the soil as two practical strategies for water conservation and
optimal use have been considered.

Optimizing the effective factors in production and management of water use in the farm could saves limited
water resources and protects the soil, moreover, can increase yields. Extensive research has been done on the
effect of different levels of irrigation, superabsorbent and fertilizer on different crops, but in the field of
simultaneous optimization of these factors using statistical techniques, there is little or no information, so this
study aims to optimize consumption of irrigation water, superabsorbent and cattle manure were designed and
conducted in low-input sesame cultivation using surface-response methodology and Box-Behnken design.

Materials and Methods

The experiment was conducted as a Box-Behnken design. Experimental factors including a combination of
different levels of irrigation water, superabsorbent and cattle manure. The total number of treatments required for
this experiment was 15 treatments including 12 factorial combinations and 3 replications of the central point.
The Box-Behnken design is essentially applicable and analyzed with one replication, but to fit the level of
response equations, it is necessary to repeat the central points that represent the average level of high and low
levels of each of the experimental factors. Using the Box-Behnken design, it is possible that most information
from the minimum executive operation would be obtained through the distribution of trial points in the
treatments. The values of these factors were determined by using software due to low and high levels of
irrigation water (1500 and 3000 m® ha™), superabsorbent (0 and 160 kg ha™) and cattle manure (0 and 30
ton ha™) using software.

In the Box-Behnken method, the response variable (y) is estimated by Equation 1:

y=ﬂo+iﬁixi+iﬂijxixj+iﬂiixiz )

i<j
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Where y is a dependent variable and according to sesame seed yield, biological yield, leaf area index, leaf dry
weight, number of pods per plant, number of seeds per pods, 1000-seeds weight, relative water content and seed
oil percentage were calculated separately; X; |s the independent variable, X;X; i the interaction of the independent
variable i and the independent variable j, X;* the second power of the mdependent variable i and Bi to Bii are the
coefficients of the equation. After obtammg the simulation results, using calculations and statistical methods, a
quadratic polynomial is obtained which expresses the response rate (yield) as a function of input variables.
Finally, after optimizing the obtained relationship and eliminating meffectlve sentences, using statistical tests
and criteria such as F test value, Lack of Fit test, Py and R? (coefficient of determination), the final
relationship for predicting yield and other response variables is calculated for the present study (Equation 2).

Y = ay+ a; Xy + apX, + a3Xs + a X2 + asXo? + agXs® + a, X X, + agXo Xz + agXoX;  (2)

The obtained relationship is valid only within the limits defined for the input parameters and has no
predictive power outside this range. In this equation, y: is a dependent variable already defined for Eq. 4. X1 is
the independent variable of irrigation water, X2 is the superabsorbent, and X3 is the independent variable of
manure, al to a9 are the equation coefficients. Optimal amounts of irrigation water, superabsorbent and manure
were determined according to the possibility of maximum seed yield. Finally, the estimated values were
compared with the observed data and the validity of the regression models was evaluated using the root mean
square error (RMSE).

Results and Discussion

In general, considering the significant effect of linear component of manure from regression model and
biological yield as well as linear effect of irrigation and manure on the number of seed per pod, it can be
concluded that the use of manure ultimately increased seed yield. Regarding the quality yield of sesame (seed oil
percentage), the significance of the linear component of the superabsorbent effect can guarantee the quality yield
of sesame. The high significant (p<0.01) effect of the second order (full quadratic model) component of manure
on 1000-seeds weight also indicates the effectiveness of manure on yield components and finally seed yield.
Optimization was performed with three scenarios. First, considering all three factors, irrigation, superabsorbent
and manure were done Optimization was done to produce the highest seed yield, in which case the highest seed
yield (4541 kg ha™) was obtained with 3,000 m® ha™ of irrigation water, without superabsorbent and with 30
t ha of manure. In the next step, to mvestrgate the role of superabsorbent in water saving, optimization was
performed with half irrigation water, 100 kg ha™ of superabsorbent and with no application of manure, which
resulted in the production of 3380 kg ha of seed. In the third case, the results of optimization for irrigation
water in the range of 1500 to 2250 m*ha™ (limited irrigation), Wlth no use of superabsorbent and the amount of
manure from zero to 30 t ha™, showed that applying 2250 m® ha™® of water and 30 t ha™ of manure could be
resulted in a seed yield of 4186 kg ha™. The hlghest amount of irrigation water productivity, equal to 2.2 kg seed
per m® of water, was obtarned from 2250 m® of irrigation water. Third scenario compared with the first scenario
shows a reduction of 750 m? in the volume of irrigation water that resulted in only an 8% reduction in seed yield
(4186 vs. 4541 kg of seed), therefore, the third scenario potentrally could be chosen by the farmers. Depends on
the level of availability of water resources, the balance of economic value of water against seed yield, and other
environmental and management options, if the application of 30 t ha™ of manure to achieve the stable seed yield
is not economical for the farmer compared with the application of 100 kg ha™ of superabsorbent, we can
recommend the second scenario (1500 m® of water plus 100 kg of superabsorbent, with no manure) that will
result in the seed yield by 3380 kg ha™. The difference in seed yield in this scenario compared with the third
scenario is 806 kg of seed, so the farmer must take into account all economic and managerial conditions to select
the appropriate scenario. In general, the results of this study showed that using eco-friendly inputs, it is possible
to produce stable sesame in an arid and semi-arid region and achieve a yield beyond of the conventional high-
input systems.

Keywords: Drought, Ecofriendly inputs, Economical feasibility, Production stability, Seed oil
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Table 1- Values and coefficients of experimental treatments based on Box-Behnken design

Cul s *yylouwd r3lio
Jlosi 5 o ; qufficients i : Treatment values*
Treatment number <! e pig 0l 395 <! 3L g w12 355
Water SAP Manure  Water SAP Manure
(X1) (X2) (X3) (m*hal) (kgha?) (ton ha)
1 0 +1 +1 2250 160 30
2 +1 +1 0 3000 160 15
3 +1 0 -1 3000 80 0
4 0 0 0 2250 80 15
5 0 0 0 2250 80 15
+1 -1 0 3000 0 15
7 -1 0 -1 1500 80 0
8 -1 0 +1 1500 80 30
9 0 +1 -1 2250 160 0
10 0 0 0 2250 80 15
11 0 -1 -1 2250 0 0
12 0 -1 +1 2250 0 30
13 -1 +1 -1 1500 160 15
14 -1 -1 -1 1500 0 15
15 +1 0 +1 3000 80 30
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*+1, -1, and 0 indicates up, down and medium level of each factor
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Table 2- Some physiochemical properties of the soil of the experimental site (depth of 0-30 cm)

s dps NG ey RS o N s el
Organic carbon EC K P o
o pH 1 Ka't ka (%) Texture
(%) (dS.m") (mg.kg™) (mg.kg™)
0.68 7.6 0.52 315 71.3 0.069 =) P9
Clay loam
o3l 3,90 Curgh ) L3l pgw Sluogaad T Jgaa
Table 3- Properties of applied superabsorbent
J&e
$2L Hgw¥se Cagb, Caows 9 92 Density & !
Appearance Humidity (%) Odor and toxicity (g.cm™®) pH
Granule (sls 3, % 5) Jgl,5 <5% 0 0.8 9.8
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2- Lack of Fit
3- Full quadratic regression
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WUE = Yg (kg ha®) / W (m® ha™) (v)
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1- Relative Water Content
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Figure 1- Response surface for sesame seed yield as affected by super absorbent and irrigation water in fixed level of 30 t ha™*
of manure
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Figure 2- Response surface for sesame seed yield as affected by super absorbent and manure in fixed level of 1500 m™ of
irrigation water
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Table 6- Root mean square errors (RMSE) and Coefficients of determination of sesame response variables as affected by
different levels of irrigation water, superabsorbent and manure application
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Figure 3- Response surface for sesame seed yield as affected by manure and irrigation water in fixed level of 80 (a) and 160
(b) kg ha™* of superabsorbent, and contour plot for sesame seed yield as affected by manure and irrigation water in fixed level
of 160 (c) kg ha™* of superabsorbent
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Figure 4- Response surface for sesame biological yield as affected by manure and irrigation water in fixed level of 80 (a) and
160 (b) kg ha™ of superabsorbent
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kg ha™* of superabsorbent
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Figure 7- Response surface for sesame seed oil as affected by manure and superabsorbent in fixed level of 3000 m™ of
irrigation water
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Table 7- Observed and estimated of irrigation water productivity (WPi) of sesame under different levels of irrigation water
(mean of irrigation in all levels of superabsorbent and manure)
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Figure 9- Optimization of irrigation water and superabsorbent (with no manure) to produce the maximum sesame seed yield.

(W: irrigation water; S: superabsorbent; M: manure; D: Desirability index; Cur: The current status. Cutted line: yield level;
Solid line: input level; Dotted line: The current level of input, yield and optimization)
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Figure 10- Optimization of irrigation water and manure (with no superabsorbent) to produce the maximum sesame seed

yield. (W: irrigation water; S: superabsorbent; M: manure; D: Desirability index; Cur: The current status. Cutted line: yield
level; Solid line: input level; Dotted line: The current level of input, yield and optimization)
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Introduction

Direct seeding of rice is one of the most common farming methods in the world. Economic efficiency, faster
and easier cultivation, reduction of growth period and earlier maturity (7-10 days), needing to less labour, higher
water efficiency, more mechanization and reduction of rice vulnerability due to end-of-season drought are some
benefit of direct rice cultivation; while, the most important problem in this planting system is weed control, and
if weeds are controlled properly; the yield of rice in direct seeding will be almost equal to that of transplanting
system. So, this study was conducted to evaluate the effect of weed management methods on different cultivars
of rice in direct seeding system.

Materials and Methods

This research was performed as a factorial in randomized complete block design in three replications at Rice
Research Institute, Amol in 2018. Treatments include three different rice cultivars of Tarom Hashemi, Shiroodi
and Neda under six weed management methods (no weeding, twice weeding (40 days after emergence and in the
earing stage), using rice husk mulch (0.5 kg m™ after sowing), application of triafamone+ethoxysulfuron
herbicide (30 g ai ha™ in 5 days after emergence in two-leaf stage), application of triafamone-+ethoxysulfuron
herbicide (30 g ai ha in 5 days after emergence in two-leaf stage) + weeding (40 days after emergence) and
complete weeding (all weeds are removed during the growing season) were considered. The studied traits
included: plant height, tiller number, panicle length, 1000-grain weight, filled grain number, empty grain
number, panicle number per square meter, grain yield, biological yield and total weed density and dry weight.

Results and Discussion

The results showed the highest plant height (137.7 cm) and number of tillers (24.7) was obtained in Tarom
Hashemi and Shiroodi cultivars under complete weeding, respectively. The results of mean comparison of the
main effects of the experimental treatments indicate that the filled grain number in Tarom Hashemi, Neda and
Shiroodi cultivars were 67.6, 69.3 and 90.1 per ear and 1000-seed weight in these cultivars, was 19.9, 18.6 and
21.1 g, respectively. When Shiroodi cultivar had more seeds per ear and 1000 seeds weight. Also, the maximum
filled grain number (94.9) and the highest 1000-seed weight with 22.7 g was observed in the complete weed
control treatment. The highest panicle number per square meter (316.7) was related to Shiroodi cultivar and
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complete weed control, which had no significant different with herbicide + weeding and twice weeding in the
same cultivar, as well as complete weeding in Neda cultivar. The highest grain yield (8192.5 kg ha™) was
observed in Shiroodi cultivar + complete weeding, which had no significant different with Neda + complete
weeding and Shiroodi + herbicide + weeding. Lack of weed control in Tarom Hashemi, Neda and Shiroodi
cultivars reduced 38.2, 63.3 and 61.7% of grain yield compared to complete weed control, respectively. The
results showed that at all three stages of sampling, the lowest weed density and dry weight in all three sampling
stages was related to herbicide + weeding treatment in Shiroodi cultivar which had good control over weed and
was able to reduce weed density and its dry weight.

Conclusion

In general, it can be concluded that although the yield of rice in the direct planting system was the highest in
the absence of weed contamination; however, since the application of triafamone+ethoxysulfuron herbicide
along with weeding caused reduction the density and dry weight of weeds, and also, improved the yield and
yield components of all three rice cultivars, so this management method can be used to control weeds more
effectively and achieve proper yield in this system.

Keywords: Grain yield, Integrated management, Mulch, Weeding
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Table 2- Analysis of variance (mean squares) for the effect of cultivar and weed management methods on total weed density

and dry weight
) i» gladile J5 o515 i gdle J5 Ss 59
SOV &y oo LTS Total weed density Total weed dry weight
d.f Yasw Yaspw Yasp Vasgw Y als o ¥ als 0
Stage 1 Stage 2 Stage 3 Stage 1 Stage 2 Stage 3
Block <55l 2 5.91 11.59 8.29 11.90 12.74 1.56
Cultivar 3, 2 490.15™  688.07" 597.917  931.377 1134937  743.92"
Weed management j,acils < e 5 4256.62" 8026.97" 6061.457 6218.93" 11157.05" 8013.87"
Cx W jpadile oo #48, 10 114.46™ 21048  86.39” 15756 42691  285.98"
Error s 34 12.38 18.90 8.21 26.52 6.88 1.61
CV(%) &l yis oy - 8.6 6.4 6.2 12.5 4.1 2.7

Sop Sy gy e P @B e T
*and **, significant at 5% and 1% probability levels, respectively.
@ by oloj ipgw Alspo g (BAS lojipgd Als po ((LBb)d Sl dn gy B i gl dl>ye
Stage 1: 50 days after sowing, Stage 2: flowering and stage 3: rice harvest time



YAN

e ipp sl o e Gilise sl sbgy 41 (Oryza sativa L.) gu p calizko o1 dewly oyl ) od 9 MSgy0 lealle

s Sadile S SWS (jg 9 o515 1 pllejl (51 jloni il 51 (3eSile duunslio T Jgux
Table 3- Mean comparison of the interaction effects of experimental treatments on total weed density and dry weight

58 Sladle JS o515
Total weed density

Treatment ,lo.s

s sblle 5SS (39
Total weed dry weight

Cultivar/Weed management

Ydopw Ydopw Yadopw
Stagel Stage2 Stage3

Ydopw Ydspw Ydspw
Stagel Stage2 Stage3

Tarom hashemi _oils )l

M, 70 97.80 75.9 66.60 924 71.70
M, 27.6 51.2 30.9 259 40.2 27.3
M, 26.1 57.3 36.30 26.9 48.90 375
M, 21.90 43.2 229 20.40 39.5 25.1
Ms 30.7 68.9 47.9 31.1 62.20 49.3
Neda s
M, 84.9 126.3 96.50 1035 14520 113.6
M, 30.8 54.2 33.90 344 439 31.10
M, 34.3 62.9 42.6 344 55.6 40.3
M, 22.7 46.6 26.9 26.90 44.8 29.5
Ms 57.9 90.2 68.9 49.3 76.8 60.9
Shiroodi (g3 i
M, 72 117.2 84.9 89.3 129.3 101.4
M, 29.9 38.8 22.5 26.2 37.2 21.9
M; 29.5 50.1 30.60 23.8 40.3 28.5
M, 19.7 31.8 16.5 16.1 26.6 13.1
Ms 55.6 87.1 59.7 44.8 69.4 54.1
LSD 5.76 7.15 4.78 8.42 4.49 2.11

Bl M5 cpng + (ygy0algu (S g5H 00lil 5 iS5 Cale (Mg g y58lam S 5 )50 5 i Cale ;Mg (cpng 4l 93 Mo ccpag 9 :My
M;: without weeding, M,: twice weeding, Ms: triafamone+ethoxysulfuron herbicide, My: triafamone+ethoxysulfuron
herbicide+weeding, Ms: mulch
@r by oloj ipgw dlapo g (BAS o ipgd Al po ((LBb)Y Sl dn gy B+ i gl dl>ye
Stage 1: 50 days after sowing, Stage 2: flowering and stage 3: rice harvest time
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Table 4- Analysis of variance (mean squares) for the effect of cultivar and weed management methods on morphological
traits, yield and yield components of rice

. 0 PHERKEY THENKEY 4y aluss
gWs )y Slaxs Job 5 . 3 Slos
s gl ; : e » Sy AN TIPSR
e &35 g oy Ay ails Eilled Emot Panicle o 2599
S.0V Plant Tiller  Panicle  1000- : bty number Grainyield Biological
df height number  length i grain gran er square ield
grain number number persq y
weight meter
Block s, 2 65.72 3.16 3.12 0.52 50.07 2.16 5897.24 344622.34 864619.28
Cultivar .3, 2 8995.05~ 206.88" 51.187 27.757  2839.017  1962.727 10256.12™ 4443698.0” 2529370.02"
jypdle Cupde
Weed 5 647377  89.02  31.80" 30.60" 1685.49™ 30257  20736.68"  23388057.1" 11745244.84™
management
)]
jpacile 10 49.96" 15.11" 1.58" 2.52" 103.10™ 58.43™ 2847.24™ 2165408.6"  2298367.95™
CxW
Error s 34 21.58 473 3.54 1.25 77.07 12.59 927.63 124095.4 466241.9
ot - 4.4 17.3 8.2 5.6 116 19.2 13.3 6.6 5.2
CV(%)
2o Sy g i e 3 )bixe 5 St e "
ns, * and **, represent non-significant and significant at 5% and 1% probability levels, respectively.
LSD= 3.57 B LSD=28.11 A
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Figure 1- The effect of weed management methods on plant height (A) and tiller number (B) of three rice cultivars
Jo g ;M gdle M gt (199850 (S5l 40908 5 ATl My (y9)9l g0 (S 9+ 0908 5 (IS ile Mz a5k 93 Mg g 15 sy
M: without weeding, M,: twice weeding, M3: triafamone+ethoxysulfuron herbicide, M,: triafamone+ethoxysulfuron herbicide+
weeding, Ms: mulch, Mg: complete weeding

dool Cowda jyadile pag ygh edls oyl 08, )3 sae VIV 099y 9 =y Jolite 151 (Slie dwlie guls saomiy dlaad
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Table 5- Mean comparisons cultivar and weed management treatments on panicle length, 1000-grain weight and filled grain
number of rice

Factor Jols adgs Job &3 415 39 » 413 dlaxs
Panicle length (cm) 1000-grain weight (g)  Filled grain number
Cultivar 3,
Tarom hashemi _ils )l 24.6 19.9 67.6
Neda I 234 18.7 69.4
Shiroodi (¢34, 213 21.10 90.2
LSD 1.27 0.76 5.94
jpcile Copde sbabs,
weed management methods
Without weeding cy>4 s 20.3 17.20 57.3
Twice weeding g ,b 4 23.34 20.23 75.4
Herbicide  zscale 223 19.8 70.9
Herbicide+ weeding cyo»g + iSdile 239 20.5 87.8
Mulch gl 22.7 18.80 68.2
Complete weeding o8 g 259 228 94.9
LSD 1.80 1.07 8.41
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Figure 2- The effect of weed management methods on empty grain number (A) and panicle number per square meter (B) of
three rice cultivars
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Figure 3- The effect of weed management methods on grain yield (A) and biological yield (B) of three rice cultivars
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Introduction

Wheat is one of the most important cereals in the human diet and widely used in many processed nutrition
products. Water deficit stress is a main limiting factor of wheat growth and productivity in the world. Major
objective of plant breeding is improving grain yield under drought stress condition. In the breeding programs,
selection based on multi-traits is an important approach to improve grain yield. This research was conducted out
to evaluate the effect of phenological and agronomic traits of 10 bread wheat near isogenic lines (in three genetic
backgrounds) and cultivars on grain yield under cyclic drought stress condition and detection a function to use
all effective secondary traits simultaneously.

Materials and Methods

Six Near-Isogenic Lines (NILs) as well as their parents were evaluated at the research field of Shahid-
Bahonar University of Kerman, during growing seasons of 2018-2019 and 2019-2020 under cyclic drought stress
condition based on randomized complete block design (RCBD) with four replications. The field was irrigated
every 28 days in autumn and winter and every other week in the spring. In the present research grain yield,
phenological and a%ronomic traits were measured. Analysis of variance was performed using SAS v9.1. Broad
sense heritability (h“,) was calculated following the method of Fehr (1987) as follows:

hPhs = 6% | 6% + 0% 1)

Phenotypic coefficient of variability (PCV) and genotypic coefficient of variability (GCV) were calculated as
the following formula proposed by Singh and Chaudhary (1985):

PCV=(c,/ 1) x 100 2

GCV= (g4 1) x 100 3)

Where 1, 6, and o4 are mean, phenotypic standard deviation and genotypic standard deviation, respectively.
Expected response (R) to selection in breeding programs was calculated following the methods of Falconer and
Mackay (1996) as follows:

R= ih%op 4)

Where i is selection intensity, which is equal t01.694 if 10% of genotypes are selected (p = 10%) in breeding
program.

The studied genotypes were designated as group one and two based on grain yield under drought stress
condition. Those traits that could significantly separate two groups based on t-test entered the discriminant
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analysis. These traits were standardized before discriminant analysis, as follows:
ZIJ = (le B .u) / SI .th - .th - - (5) .th - .th - - .
where Zj; is standard score for j* genotype in i traits, X is raw data of for j' genotype in i traits and Si is
standard deviation of i" traits. Discriminant analysis was performed using MINITAB.

Results and Discussion

Among several secondary traits only awn length, flag leaf length and grain number per spike (grains/spike)
could significantly distinguish high and low yield genotypes under water stress condition. These results showed
the importance of the mentioned traits in the breeding programs for drought prone environments. Discriminant
function of these traits was used as a comprehensive index for selection of high yield genotypes (Eqg. (6)).

DS=-1.32 + 2.07 FLL + 1.63 AL —0.04 GNS (6)

Where DS, FLL, AL, and GNS are discriminant score, flag leaf length, awn length and grains number per
spike, respectively. This index could explain 72% of grain yield variation and had significant positive correlation
with grain yield in water stress condition (r = 0.85). Also it could well separate genotypes with the accurate
classification rate of 90%. Discriminant function revealed that flag leaf and awn length were the most important
effective traits on grain yield under drought stress condition, respectively. This index can be used as criteria for
simultaneous selection of the mentioned traits in the future breeding programs.

Conclusion

Awn length, flag leaf length and grain number per spike that entered to the discriminant function had high
correlation with grain yield, high heritability and easy evaluation. Therefore, selection based on these traits is a
good approach to improve grain yield in drought prone environments. Discriminant function obtained in this
study could be an appropriate technique to selecting high yield genotypes under drought stress condition.

Keywords: Bread wheat, Discrimination function, Simultaneous selection, Water stress
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Table 1- Studied genotypes of bread wheat under cyclic drought stress conditions during 2018-2019 and 2019-2020

ST Olwsy
Genotype Comments
(eSS oy JS 05y pos (15 30 (S Juol>) (oS il e olStils (ool (Y
SBUK101 Breeding line of Shahid Bahonar University of Kerman (The result of the third backcross of
Kalheydari with Excalibur cultivar)
(dSuSTL )2 IS 63) pg (125 0 (S Jols) (oS yialy a0y (ol Y
SBUK102 Breeding line of Shahid Bahonar University of Kerman (The result of the third backcross of
Kalheydari with Excalibur cultivar)
(ralSauSTl sgie o) pom (U35 0 (W Jol>) Glo)S yialy auped oKl (goliay (Y
SBUK103 Breeding line of Shahid Bahonar University of Kerman (The result of the third backcross of Mahdavi
with Excalibur cultivar)
(rlSaSTL g9 08y pow (S 3 (S Juols) lo)S yial e oSl (ol Y
SBUK104 Breeding line of Shahid Bahonar University of Kerman (The result of the third backcross of Mahdavi
with Excalibur cultivar)
(38T (yB9) 08 pow (125 0 (SW o) (lo)S yiml g olStils (o3l (Y
SBUK105 Breeding line of Shahid Bahonar University of Kerman (The result of the third backcross of Roshan
with Excalibur cultivar)
(38T (yB9) 08 pow (125 0 (S o) (lo)S yiml g oStils (o3l (Y
SBUK106 Breeding line of Shahid Bahonar University of Kerman (The result of the third backcross of Roshan
with Excalibur cultivar)
Ob9) ) ol elice
Roshan cultivar Origin of Iran
(§9ke r‘,§) ‘))Kil i
Mahdavi cultivar Origin of ICARDA
SredS o) olnl lize
Kalheydari cultivar Origin of Iran
el o3, Wl Lo

Excalibur cultivar

Origin of Australian
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2 labeade BB (S g9 (uilly 55 @l elal
A odblie adlao dy9—0 Slao dl)—’ R D90 L;mey)

O oo gl ¢ ilol gl ! Jgl Jlo o (Y 5 Y Jglie)
9 zdow dnly ) aliiws sl jl e Glas den Lld jl leuis)
A ol il Ay 090 Jobo

PCV= (o, 1) 100 v)
GCV= (o 1) x 100 )
5l as)lke w54 04 905 M ,GCV PCV Lly, oyl jo
Byl (1 lee (5995 Sl copd (s Clyns o
(9] e Blyil 5 gid Jlne
325 350, (F) eyl Sl onlisal Ly (20035 4 gesly e
:(Falconer and Mackay; 1996)
R= ih’ys o, (¥)
S (i3S A Gl cui s (F) daly 3 0 9 Wb i R
Pl adlioe (g Jlme Bliosl g (ages s il (S
L lp o po gl p5p 08l o pa Ve i S (855 jlas
A5 jlaie V/SAF
2 5) a3l 3y S (1 Kle ol (o) 3y90 g 03
ol 2Sbos 5 YL 3 Slas 09,5 93 50 talesl Sl g3 (b (1S
@i (Sl So5eded o el Claws o il i8S )48
09)5 35 ol (G)loisime sty T g0l lsl 2 Azl oS lio



AR Yd

95 & gl

3

olr! )

e

V€+) }g‘g &Y D)loa:} AL

‘A1oAndadsar quesijiudis-ou pue sjaAd] Anjiqeqoad [(°0 ‘SO0 I8 JUBDIJIUSIS SU PUB,, 4y
s om0 (o) s P oS Qe fe > @ SUTKeT

SUONBLIEA
001 LS 79 8LI 671 68 0L 911 +'9 8 Ll 80 S0 JOJUSIOYIS0D
Calia¥ )
JOLID
10 6t 1+'C 69°5€80€ LTS o8l 10°0 Se0 €8°9¢ €99 ol LS $S°0 LT [eyuawLddXy
< [
adKjouan
LI80 L €1IT8  P9LST WLPL8P9S  ,L8°€h 6101 110 9€€E  _ETLEL 986 L 188¢ ,.2T0S LILLG 6 (i
’ y ; . . : . ’ y ; ' . . ord
«8T0  ,.£6'€8 R WLL'TOOEY WSSOI wb6TE  Wl00  Wl90  wS6TL 969 «w18°TI £8F S6'1 € e
3 porrad o
BaJe jiun BaIe Yioud| Ppm M::—ﬂ Linjew Supes
prork :_m_uws s 1ad o soyids Jua) FL| Jea) wiuop  jySey  uiean  [edSojorsiyd D— “ .m_w«m_ -
uies ) .MMM ; Mm”..“. Jo Jdquiny Sepy Sepy Sepy umy g S 0) ske(q 01 skeq ) J0 22182 uoneLIBA
. o & e ) e H K Cney #ev e XS e I — e ) (e ._MMHHm
ors’c 1 . <€ bjer e e o a0 3 Fctrig™ eevje €6 q aq¥ v NS
600 ovYe ey . = céfe N N orvyc €66
[ s B o Tér 540 eerjc 60 - ’
TéP
610T-810C

SuLINp SUONIPUOI $SIAIS JYSNOIP II[IAD JIPUN JLIYA PBAIQ JO SIUI[ JIUITOSI-IBIN PUE SIBAI[ND UI S)IR) PAIeSNISoAul 10§ (VAONY) dUBLIBA JO SIsA[euy -7 d[qe ],

Seb? A- ol §FReD o okfc Kl o (fae! 6 g7 T (HELD ored g of g o0

6o cf oM €615 yy-AY



byl )0 pusS 0 ,Shos b o po Wlhio (o Ll ()l )0 g 015 S50

s

L5 a3 g, b sloyg0 (Sis

Yav

s o\ fe s o o Qe fe > @ SU T

‘KjaAnoadsal ‘quedijiudis-ou pue sjaAd] A)jiqeqoid [0°0 ‘0’0 18 JUBDIJIUSIS :SU PUBy 4y

SUOIBLIBA
€6 €y 9L e T8l 9°01 $9 801 v'9 S¢S I'l L1 I'l JO:USITI0y
oo o |
J0.11D
610 L0t 9L'9 69°€S96t 1+'sT (Y 10°0 S0 £0°09 €'y €S¢ S0 8C'C LT [evowLadxy
= [
adKjouan
LTe €St L, TLSE  €SSLISkl L 66LT1 L pSvT 910 6Lty ,.L90S  L6TI ooy L6798 ..66°66 6 ks
. . . . . . . . . . . . ) A001d
€90  .TeTT L SELY WLTO0VIS  WLE8I  W9STI w200 9L ,L66ES  LE9PI wET6 L£T9C L8€LT € oo
porad
3 ox_a—w BaJde jiun BvaJae -:M:o_ -—a—u_.)» ME:: b_.:-aNE w-:_uwo-_
Ik 1! _oms 1ad J3d sapids Jed| JLE| Jed| Suoy Sy urean) ed13ojo1sAyd sisoue S.@?Q wopad.y
urean e Jqunu  JO - PqunN serq delq selq umy yuerd o 0 ske( 0} ske(q . oo...—Mo uoneLIeA
- 0001 sure.n e i N PN Crpmge %o R FHHE i - Daset 14 a Jo 2danog
. G o iy o€ Gor e e ) . 3 Mo Consig 57 R« aq¥ (€1e? MR oo
ool 60 i _ . % = j ol re céq oe? SR ceryc €66 f<v
[y Oy oor|C e e a0 50 ervjc €6¢ o -
60
02076107

SuLIp SUONIPUOI SIS JYSNOAP II[IAD IIPUN JBIYA PBIIQ JO SIUI] JIUIZOSI-IBIN PUE SIBAD[ND UI S)IET) PA)eSNsaaul 10 (VAQNY) IUEBLIEA Jo SISA[eUy -¢ d[qe ],

b0 A- 6l ® G Ao omed offc Kl of (fdl € 70N HELD g 90 of ovdieg e 5

o6@5 o€ e €47y



YEY b O o)lond ¥+ ala oyl (S5 Glowidgiy apmis  YAA

=15 Il 53 (510,90 (Sulid i bylyud ;5 U oS (459500 o wY 9 9Byl 45 (o) 3,90 Ciliio (Sil§ Syl )l 9 (il —€ Jgu
qy-4A

Table 4- Mean and genetic parameters for investigated traits in cultivars and Near-isogenic lines of bread wheat under cyclic
drought stress conditions during 2018-2019

oluo oSk ooy pov & 6%  h%, R%
Traits Mean
i 13 6 g, ol 15403 32 324 2429 054 098 5.37
Days to heading
L2 )5 5, 3l 15813 221 234 1216 157 089 354
Days to anthesis
&59‘%}..&%5%»&59)"“. 18959 1.41 2.2 7.15 10.2 041 153
Days to physiological maturity
b o 02 b 3146 284 868 08 665 011 1.62
Grain filling period
“’*,5“5)' 9429 531 835 25.1 3683 041 58
Plant height (cm)
Sy Jsb 514 5588 57.05 825 035 096 92.78
Awn length (cm)
PSR 02 135 1171 1386  0.03 001 071 17.04
Flag leaf width (cm)
wox Sn sk 1535 942 1293  2.09 185 053 1158
Flag leaf length (cm)
v S e X 1537 2021 2513 965 527 0.5 27.65
Flag leaf area (cm?)
g ”"_”““’“"f 94879 813 196 641295 3083569 0.17 5.64
Number of spikes per unit area
e pabolid 2497 2495 2571 3881 241 094 4094
Grains number per spike
“Jb{'}‘“o’? 37.13 1187 1317 1941 449 081 1807
1000-grain weight (g)
PHAICCINS
( 317 1338 1669 0.8 0.1 0.64 18.12

Grain yield (ton.ha)
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GCV and PCV: Genotypic and Phenotypic coefficient of variability; czg and o%;: Genetic and Error variance; h%,: Heritability in
broad sense; R%: Expected response to selection (percentage of mean).
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Table 5- Mean and genetic parameters for investigated traits in cultivars and Near-isogenic lines of bread wheat under cyclic
drought stress conditions during 2019-2020

ol e

2 2

_ GCV PCV o’ o’ h%s R%
Traits Mean
i 3 6 g, ol 13527 365 382  24.43 228 091 589
Days to heading
. ,\~° Z 1 . I .
S 13838 259 309 1285 55 07 367
Days to anthesis
S Sy U g Sl 7515 172 203 912 353 072 248
Days to physiological maturity
b b 093 Jsb 36.78 381 671 1.96 413 032 3.64
Grain filling period
“9*_5“‘5" 12124 872 1081  111.67 60.04 0.5 11.89
Plant height (cm)
S Jib 656  50.72 51.85  11.07 05 0.96 84.29
Awn length (cm)
PR SR o2 156  12.82 1433 0.04 0.01 0.8 19.23
Flag leaf width (cm)
w2z Sy sk 218  10.06 14.59 4.81 5.3 0.48 11.86
Flag leaf length (cm)
e S g X 2777 1824 2573  25.65 2541 0.5 2181
Flag leaf area (cm‘)
gl 42y )3 Al S 1004.98 1521 26.89 23380.46 4965369 032 1458
Number of spikes per unit area
b pabsbs 3422 2735 2839  87.61 676 093 447
Grains number per spike
“hile o 4723 488 648 5.31 407 057 627
1000-grain weight (g)
b 3)Klee 472 1835 2054  0.75 0.19 08 27.85

Grain yield (ton.ha™)
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GCV and PCV: Genotypic and Phenotypic coefficient of variability; ozg and o%: Genetic and Error variance; h%,: Heritability in
broad sense; R%: Expected response to selection (percentage of mean).
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Table 6- Mean of high yield (group 1) and low yield (group 2) genotypes and t-test for studied secondary traits
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raits ean of high yield genotypes (group ean of low yield genotypes (group t-test
Trai M f high yield 1 M fl ield 2
s y52l2 U g, S 1447 144.6 0.01"
Days to heading
o2 S 59, s 148.15 148.33 0.1
Days to anthesis
St S U g Sl 182.75 181.98 0.39™
Days to physiological maturity
b by 9> oo 34.6 33.64 0.99™
Grain filling period
92 _8&"‘ 103.18 112.34 2.06™
Plant height (cm)
S Job 7.99 3.73 2.94"
Awn length (cm)
prn Srode 15 1.41 0.77™
Flag leaf width (cm)
w2 S i 19.96 17.11 357"
Flag leaf length (cm)
e Snghe 23.47 19.53 1.62™
Flag leaf area (cm°)
gl 22y 2 At Slas 945 1044.77 1.14™
Number of spikes per unit area
e pabsha 3457 24.61 259"
Grains number per spike
byl o 41.79 42.56 0.42"

1000-grain weight (@)

Mmepe NS P < o[t jls gro st P <o/ Jly dre jliese
** *and ns: significant at 0.05, 0.01 probability levels and no-significant, respectively.
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Table 7- Discriminant score and classification for two groups of high and low yield genotypes under cyclic drought stress
conditions in 2018-2019, 2019-2020 and mean of traits over two years

av-4A AA-44 JW 93 (WSke
. 2018-2019 2019-2020 Mean over two years
““t‘."y) ey .W‘ Qs 'LJA‘ S s .w‘
Genotype o S0y S R S0y S e 095
Discriminant Classificati Discriminant |assificati Discriminant |assificati
score assification score Classification score Classification
slocg gl 09,5
YU o, Slos
Group 1: high
yield genotypes
SBUK103 1.41 1 3.15 1 2.65 1
Mahdavi 2.15 1 2 1 2.24 1
Excalibur 15 1 -0.33 2 0.51 1
SBUK104 2.53 1 2.54 1 2.75 1
SBUK101 -2.41 2 -1.03 2 -1.62 2
slagais) ipgd 09,5
Onb 2kes
Group 2: low
yield genotypes
SBUK102 -4.5 2 -1.33 2 -2.81 2
Kalheydari -3.43 2 -3.01 2 -3.43 2
SBUK106 -3.66 2 -5.31 2 -4.74 2
SBUK105 -2.49 2 -3.25 2 -5.87 2
Roshan -4.31 2 -6.62 2 -2.89 2
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Figure 1- Association of discriminant score with grain yield (ton.ha™) in cyclic drought condition
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Introduction

Aging seed can be defined as loss of seed quality, viability and vigor. This process is irreversible over time
and its intensity increases with increasing temperature and humidity. Aging seed is one of the major factors
reducing quality and quantity in the agricultural sector, especially oilseeds. The use of antioxidants can reduce
the damaging effects of aging. Ellagic acid is a natural plant antioxidant that can play a role in reducing the
effects of stress on plants. This substance is a phenolic compound and among different antioxidants, due to its
polyphenolic properties, it is one of the best scavengers for oxygen free radicals.

Materials and Methods

To investigate the effect of ellagic acid on improving the quality of plants obtained from normal and aged
soybean seeds, an experiment was conducted in the research farm of Shahroud University of Technology during
the two cropping years 2019 and 2020. In this study two sets of seeds including control seeds (un-aged) and aged
seed were used and ellagic acid (50 mg. I™) was applied for control, seed pretreatment, foliar spray and seed
pretreatment+foliar spray. Farm research was conducted a factorial experiment based on a randomized complete
block design (RCBD) in three replications. Soybean seeds var. DPX were collected from Mazandaran
agricultural research center. The water content of seeds was 12%. The seeds were those that harvested in the
same year and kept in a controlled storage room at the temperature between 14 to 17 °C and relative humidity of
30 to 40% at the Agricultural Research and Training Center and Natural Resources of Mazandaran Province. To
prepare aged seeds in the laboratory, the seeds were incubated at 41°C and 95% relative humidity for 72 hours.
Seed pretreatment with a concentration of 50 mg.L™ ellagic acid was performed under ventilation condition for 6
hours. The seeds were then dried in the shade and used to continue testing and measuring traits compared to
normal seeds. Foliar application was done early in the morning at the beginning of flowering (R1) and in
favorable environmental conditions.

Results and Discussion

The results showed that aging reduced the mean daily seedling field emergence by 61.39% compared to
normal seeds. The ratio of chlorophyll a to b, total chlorophyll, stomatal conductance and membrane stability
index in the leaves of plants from aged seeds decreased by 9.9, 6.3, 7.0 and 28.9%, respectively, compared to the
control. The amount of free amino acids and soluble sugars in the leaves of plants from aged seeds increased
compared to normal seeds. Pretreatment of normal and aged seeds with ellagic acid increased the mean daily
seedling field emergence by 23.1% and 19. 7%, respectively. The content of insoluble sugars were increased
with application of both pretreatment and foliar spray of ellagic acid 32.0% respectively. The highest oil yield in
both conditions was observed with application of both pretreatment and foliar spray of ellagic aicd. The yield
seed increased with ellagic acid compared to the control 23.6%. Grain yield was higher than 23.2% in the plants
that had received ellagic acid in a form foliar spray. In the end, the pretreatment+foliar spray of ellagic acid had
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the highest grain yield, which increased to control 55.5%.

Conclusion

However, in this study, the application of ellagic acid as a seed pretreatment and foliar spray had a positive
effect under normal and aging conditions, but in the scope of the research, the combined application of ellagic
acid as seed pretreatment and foliar spraying can be recommended to increase seed yield and seed oil yield in
soybean. In general, ellagic acid can be introduced as a powerful antioxidant in aging conditions to reduce some
of the destructive effects of the reactions involved in aging.

Keywords: Antioxidant, Grain yield, Seedling emergence
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Table 1- Physico-chemical properties of the experimental soil
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Table 2- Meteorological data for the field sites during experiment (Semnan province Meteorological Office)
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Precipitation (mm)

Relative humidity (%0)

Lod (Sl

Mean temperature (°C)
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olo Month 1398 (2018) 1399 (2019) 1398 (2018) 1399 (2019) 1398 (2018) 1399 (2019)

IR April 75.8 41.4 57 67 1 9.4
Codigenrd)| May 6.8 495 47 60 16.2 16.3
REyes June 10.7 0.0 46 41 22 24.9

» July 0.0 4.2 42 41 275 24.0

sy August 0.0 16.2 42 38 25.1 255

)b September 0.0 0.0 42 45 21.3 20.3
e October 3.3 10.7 43 47 14.3 13.8

oul November 5.8 4.8 48 51 10.1 9.4
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Figure 1- Effect of aging seed (a) and seed pretreatment of ellagic acid (b) on mean daily seedling emergence
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Table 3- Variance analysis of mean squares of mean daily seedling field emergence (MDE), membrane stability index (MS),

LA, soluble sugar, insoluble sugar, free aminoacids, stomatal conductance (SC), oil yield and seed yield under aging and
ellagic acid on field of soybean

i aabe i .
s df  MDE MS LAI Soluble Insoluble Free. sc Oll " Grain yield
S.0V sugar sugar aminoacids yield
Year Jlo 1 0.32™ 0.11"™ 0.54"™ 5115.25™ 782.79™ 716.47" 4307.35"™  329.93™ 9776.66"™
Jol s 4 0.08 7.59 0.46 463.59 190.94 512.92 0.25 729.62 19466.40
Error 1
a 5 - o .
( )Z’w & 1 28.73* 296.78"™ 10.84™ 58671.74™ 1175.16 15950.19 1468.53 5703.55™ 122974.40™
ging
b) <3V sl - . .
(b) "_) M 3 1.40* 29.58™ 0.67™ 2338.74™ 1560.74 953.02" 157.49™ 726.24 17424.00
Ellagic acid
a*b 3 0.35™ 18.06™ 0.44™ 810.66™ 2197.72" 708.72"™ 86.50™ 177.36™ 4381.76"™
y*a 1 0.04™ 549" 0.64"™ 924.30™ 6.73E-29™ 2.81™ 416.34™ 539.49" 14406.43"
y*b 3 0.01™ 9.25™ 0.26™ 1880.30™ 1.03E-28"™ 136.27™ 188.97™ 24.95™ 710.71™
y*a*b 3 0.10™ 4.70™ 0.30™ 1185.68™ 4.34E-28"™ 185.93™ 8.13™ 50.46" 1215.08™
Error s 28 0.01 3.53 0.10 492.98 366.50 401.15 160.65 56.90 1546.40
oot 58 78 127 95 133 107 83 183 187
CV (%)

o)) S5 g doyd gy e ) (6)B dme (g )b xe pie iy kg # IS
ns, * and **: nonsignificant, significant in 5% and 1% respectively.
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Table 4- Variance analysis of mean squares of Chl,/Chl, and Chl y, under aging and ellagic acid on field of soybean (2018

and 2019)
55 Al s
’"“;”Oé\’/ 83150 Chl,/Chly Chly  Chl/Chl, Chl total
df
(2018) (2019)
Replication ,,$5 0.0005 0.08 0.53
Aging (a) Jls; 0.01m 0.96* 0.08** 0.54™
(B) S5l 3 0.35™ 022  148%*
Ellagic acid
a*b 3 0.011* 0.04™ 0.001" 0.29™
Error cls 14 0.16 0.009 0.12
C.V (%) &lyusi oo - 6.6 9.0 6.1

o pd S5 g deoyd gy e ) (61 pime (g )b xe pis icu Sy s g # IS
ns, * and **: nonsignificant, significant in 5% and 1% respectively.
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Table 5- Mean comparison of aging seeds and ellagic acid on total chlorophyll in 2018, Chl,/Chl,, total chlorophyll (Chliy,) of
leaves in 2019 of soybean leaves

Treatments W ,log Chliotay Chla/Chlb Chlota
(2018) (2019) (2019)
(mg. g Fw) (mg.g* Fw)
AQING (¢ oy
Un-aged Seeds sxgwys ué jods 6.39 111 5.86
Aged seeds sdguw b yols 5.99 1.00 5.48
LSD 5% 0.359 0.083 0.303
Ellagic acid <G3¥1 sl
Control aals 5.83 0.86 5.09
Pretreatment los iy 6.37 0.92 6.01
Foliar spray b Jskxe 6.28 1.25 5.53
b olowet yloss b 6.28 1.19 6.20
Pretreatment+ foliar spray
LSD 5% 0.507 0.117 0.429
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Figure 2- Effect of aging seed and ellagic acid on the Chl,/Chly of leaves in soybean in 2019. b1: control, b2: pretreatment, b3:
foliar spray and b4: seed pretreatment+foliar spray
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Table 6- Mean comparison of aging seeds and ellagic acid on Stomatal conductance, free aminoacids and grain yield in

soybean
Treatments B o Slaize, Colaa 3l %a!-‘_;l.a:.\?.wl C:-"_S) a,SJ.e.n m'la. a,StLo.:
stomatal conductance  free aminoacids oil yield grain yield
AQING ¢y gy mmol CO,. m?, §* Hg. g Fw g.m? g.m?
Un-aged seeds sdguwyd pué jol 157.86 169.50 - -
Aged seeds o3gu b 59k 146.80 205.96 - -
LSD 5% 7.495 11.844 - -
Ellagic acid <3V sl
Control sals - - 32.46 167.21
Pre-treatment jlo i - - 40.66 206.66
Foliar spray s Jgl>e - - 40.53 206.06
st led i - 51.42 259.99
Pre-treatment+ foliar spray
LSD 5% - - 6.30 32.885
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Figure 3- Effect of aging seeds and ellagic acid on content of insoluble sugars of leaves in soybean. b1: control, b2:
pretreatment, b3: foliar spray and b4: seed pretreatment+foliar spray
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Table 7- Mean comparison of interaction of year and aging seeds on oil yield and grain yield in soybean (ylal: un-aged seeds
in 2018, yla2: aged seeds in 2018, y2al: un-aged seeds in 2019 and y2a2: aged seeds in 2019)

b o o9y 3 Nes 4> 3 Slos

y Oil yield Geain yield
Treatments (g.m_z) (g'm_z)
ylal 51.44 257.54
yla2 36.34 190.96
y2al 52.90 263.65
y2a2 34.39 187.76
LSD 5% 6.308 32.890
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Table 8- Path coefficient analysis of mean daily seedling field emergence (MDE), membrane stability index (MS), Leaf area
index (LAI), content of soluble sugars and total chlorophyll traits on seed yield (seed yield is dependent trait)

Traits MDE MS LAl  Soluble sugars Chly Total effects
MDE 0.11 0.003 0.32 0.08 0.09 0.625
MS 0.07 0.005 0.28 0.05 0.04 0.473
LAI 0.08 0.003 0.45 0.06 0.10 0.705
Soluble sugars  -0.08 -0.002 -0.23 -0.11 -0.02 -0.467
Chliotal 0.04 0.0009 0.18 0.01 0.25 0.491
R- Square 0.5763
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Direct (Bold) and indirect effects of traits on seed yield.

Cly (S (Bhslre Cygods wh g 5y slas Gl Oygots
9 Of9y 2o a8l cuw g 423 350 1) Sy @ S
Iy SVl awl Glas o 55 Eg0mme 10 wad Lgw 40 il 3 Slas
otalS ly s g lalpd 3 (658 ol Bl S lsisa,
B S s S iyl o8 e Sl (S
byt g oS00 U] Wlo _olmoges 5 S 3Y] duwl dolis 5,8
2 Shdbre 5 bt ©ygon odle (ul 335 03,5 gl

ceils salys (oolaidl @y 3 Jloy Lasl s

References

8 5 4ol

Jd 5l oy Dy90 oo 4 S 0 L Batod oyl @l

5 595 2 )Ses (sl59) Culum e ie 53 alS b (:50lke
S mo o L 035w yd jody 5l Jols bl 5o ails 5 Slae
Jlosl .ol (ialS 0358 e j5ds 5l Jols GlalS 4 s
2 35290 3T aeal (slassl (Rl coge 9k > oy g
Ojgmodny SV apal 58708 oy ul Jl Jol> plals S
bulyd 93y 3 1) el )b (ke Condlyy (6540 sless i
o SVl a3l amd LE)) (65 @yl 9 0358 pd

1. AbuEl Soud, W., Hegab, M. M., Abdelgavad, H., Zinta, G., and Asard, H. 2013. Ability of ellagic acid to alleviate
osmotic stress on chickpea seedlings. Journal of Plant Physiology and Biochemistry 71 (1): 173-183.

https://doi.org/10.1016/j.plaphy.2013.07.007

2. Akbari, M., Baradaran firouzabadi, M., Amerian, M. R., and Farrokhi, N. 2019. The effect of foliar application and


https://doi.org/10.1016/j.plaphy.2013.07.007

YE4Y 50l O oylowd Ve ala oyl pl (£ly5 Ghnidoiy a i YVF

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21,

22,

23.

seed pretreatment with cinnamic acid on physiological characteristics of Cowpea (Vigna unguiculata) aged seeds
and resulting plants. PhD Dissertation, Faculty of Agriculture, Shahrood University of Technology, Iran. (in
Persian with English abstract).

Arab, S., Baradaran Firouzabadi, M., Gholami, A., and Haydari, M. 2021. Physiological responses of soybean
plant (DPX) to pretreatment and foliar application of seaweed extract (Ascophyllum nodosum) and seed primary
quality. Iranian Journal of Field Crops Research 20 (1): 105-119. (in Persian with English abstract). https://doi.
10.22067/jcesc.2021.74004.1119

Bagheri, H., Andalibi, B., and Azimi moghaddam, M. R. 2014. The effect of foliar application of atrazine on
stomatal and nonstomatal control factors of photosynthesis in safflower in drought stress condition. Journal of
Plant Research (Iranian Journal of Biology) 27 (2): 168-179. (in Persian with English abstract). https://doi.
20.1001.1.23832592.1393.27.2.2.2

Barranco, D., Ruiz, N., and Gomes, M. 2005. Frost tolerance of eight olive cultivars. European Journal of
Horticultural Science 40: 558-560.

Bonnett, G. D., and Incoll, L. D. 1992. Effects on the stem of winter barley of manipulating the soucrose and sink
during grain-fillingl. Changes in accumulation and loss of mass from intemodes. Journal of Experimental Botany
44: 75-82. https://doi.org/10.1093/jxb/44.1.83

Braunberger, C., Zehl, M., Conrad, J., Fischer, S., Adhamib, H. R., Beifuss, U., and Krenn, L. 2013. C-MR, NMR,
and LC-MS identification and LC— DAD quantification of flavonoids and ellagic acid derivatives in
Droserapeltata. Journal of Chromatography 932: 111-116. https://doi.org/10.1016/j.jchromb.2013.06.015

Debnath, B., Singh, W. S., Das, M., Goswami, S., and Manna, K. 2021. Biodynamic activities of ellagic acid: A
Dietary Polyphenol. Journal of Nature and Science of Medicine 3 (20): 83-90. DOI: 10.4103/JNSM.JNSM_32_19
Evtyugin, D., Magina, S., and Evtuguin, D. 2020. Recent advances in the production and applications of ellagic
acid and its derivatives. A Review. Journal of Molecules 25: 27-45. https:// doi: 10.3390/molecules25122745
Hiscox, J. D., and Israelstom, G. F. 1979. A method for the extraction of chlorophyll from leaf tissue without
maceration. Canadian Journal of Botany 57: 1332-1334. https://doi.org/10.1139/b79-163

ISTA (International Seed Testing Association). 2009. International rules for seed testing. Seed Science and
Technology 49: 86-41.

ISTA (International Seed Testing Association). 2006. International rules for seed testing. Basserdorf, Switzerland,
379 p.

Kalali, T., Lahooti, M., and Mahmoodzade, H. 2015. Investigation the effect of salicylic acid on morphological
and physiological traits of soybean (Glycine max L.) under drought tension conditions. Crop Physiology Journal.
7(25): 75-88.

Kapoor, R., Arya, A, Siddiqui, M. A., Amir, A., and Kumar, H. 2010. Seed deterioration in chickpea (Cicer
arietinum L.) under accelerated ageing. Asian Journal of Plant Sciences 9 (3): 158-162. DOI:
10.3923/ajps.2010.158.162

Khan, A., Nazar, S., Lang, I, Nawaz, H., and Hussain, M. A. 2017. Effect of ellagic acid on growth and
physiology of canola (Brassica napus L.) under saline conditions. Journal Plant Interaction 12 (1): 520-525.
https://doi.org/10.1080/17429145.2017.1400122

Leonardo, S., Alberto, A., Raul, R., Antonio, A., and Cristobal, N. 2011. Ellagic acid: biological properties and
biotechnological development for production processes. African Journal of Biotechnology 10 (45): 18-23.

Liu, Y., Liu, Y., Liu, H., and Shang, Y. 2018. Evaluating effects of ellagic acid on the quality of kumquat fruits
during storage. Scientia Horticulturae 227: 244-254. https://doi.org/10.1016/j.scienta.2017.08.055

Lopez, S. G., and Luderer, U. 2004. Effects of cyclophosphamide and buthionine sulfoximine on ovarian
glutathione and apoptosis. Free Radical Biology and Medicine 36 (11): 1366-1377. https://doi:
10.1016/j.freeradbiomed.2004.02.067.

Mangena, P. 2021. Analysis of correlation between seed vigour, germination and multiple shootinduction in
soybean (Glycine max L. Merr.). Heliyon 7 (1): 1-8. https://doi: 10.1016/j.heliyon.2021.e07913

Marthandan, V., Geetha, R., Kumutha, K., Renganathan, V. G., Karthikeyan, A., and Ramalingam, J. 2020. Seed
priming: A feasible strategy to enhance drought tolerance in crop plants. International Journal of Molecular
Sciences 21: 58-82. https://doi: 10.3390/ijms21218258

Motacefi, M., Sirousmehr, A., and Mohsen Mousavi Nik, M. 2021. Effect of organic growth stimulator on yield,
yield components, oil percentage, and some physiological indices of safflower under drought stress
condition. Journal of Crops Improvement 23 (3): 335-348. https://doi.10.22059/JC1.2021.300601.2378

Movahhedi Dehnavi, M., Niknam, N., Behzadi, Y., and Mohtashami, R. 2017. Comparison of physiological
responses of linseed (Linum usitatissimum L.) to drought and salt stress and salicylic acid foliar application.
Iranian Journal of Plant Biology 9 (3): 39-62. (in Persian with English abstract).

Nazari, R., Parsa, S., Tavakol Afshari, R., and Mahmoodi, S. 2020. Salicylic acid priming before and after
accelerated aging process increases seedling vigor in aged soybean seed. Journal of Crop Improvement 34 (2): 1-
20. (in Persian with English abstract). https://doi.org/10.1080/15427528.2019.1710734


https://dx.doi.org/10.22067/jcesc.2021.74004.1119
https://dx.doi.org/10.22067/jcesc.2021.74004.1119
https://dorl.net/dor/20.1001.1.23832592.1393.27.2.2.2
https://dorl.net/dor/20.1001.1.23832592.1393.27.2.2.2
https://doi.org/10.1093/jxb/44.1.83
https://doi.org/10.1016/j.jchromb.2013.06.015
https://www.jnsmonline.org/text.asp?2020/3/2/83/278238
https://doi.org/10.3390%2Fmolecules25122745
https://doi.org/10.1139/b79-163
https://dx.doi.org/10.3923/ajps.2010.158.162
https://doi.org/10.1080/17429145.2017.1400122
https://doi.org/10.1016/j.scienta.2017.08.055
https://doi:%2010.1016/j.freeradbiomed.2004.02.067
https://doi:%2010.1016/j.freeradbiomed.2004.02.067
https://doi:%2010.1016/j.heliyon.2021.e07913
https://doi: 10.3390/ijms21218258
https://doi.10.22059/JCI.2021.300601.2378
https://www.researchgate.net/journal/Journal-of-Crop-Improvement-1542-7536
https://doi.org/10.1080/15427528.2019.1710734

Y\vv

S &y L] o 30 b olS S olg 3ud (L (S 39 3 STV dul b (b Joloxo g jdy jlowd 1] )0 g oy

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Oliveira, K. R., Sampaio, F. R., Siqueira, G. S., Galvao, I. M., Bennett, S. J., Gratao, P. L., and Barbosa, R. M.
2021. Physiological quality of soybean seeds grown under different low altitude field environments and storage
time. Plant, Soil and Environment 67 (2): 92-98. https://doi.org/10.17221/512/2020-PSE

Onder, S., Tonguc, M., Guvercin, D., and Karakurt, Y. 2020. Biochemical changes stimulated by accelerated aging
in safflower seeds (Carthamus tinctorius L.) Journal of Seed Science 42: 1-12. https://doi.org/10.1590/2317-
1545v42227873

Oomah, B. D., Mazza, G., and Przyblski, R. 1995. Comparison of flaxseed meal lipids extracted with different
solvent. Journal of Food Science and Technology 29: 654-658. https://doi.10.12691/jfnr-2-1-10

Pari, L., and Sivasankari, R. 2008. Effect of ellagic acid on cyclosporine A-induced oxidative damage in the liver
of rats. Fundamental & Clinical Pharmacology 22: 395-401. https://doi.org/10.1111/j.1472-8206.2008.00609.x
Rahimi, G., Bradaran Firouzabadi, M., Makarian, H., and Gholipoor, M. 2014. The effect of seed aging and
pretreatment with pyridoxine on growth and yield of soybean in weed competition. M.Sc. Thesis. Shahrood
University of Technology. Iran. (in Persian with English abstract).

Sadeghi, H., Shaeidaei, A., Gholami, H., and Yari, L. 2014. Effect of packaging materials, storage duration and
conditions on seed germination traits in laboratory and field emergence of soybean seedling. Iranian Journal of
Seed Science and Research 1(1): 67-82.

Saha, R. R., and Sultana, W. 2008. Influence of seed ageing on growth and yield of soybean. Bangladesh Journal
of Botany 37 (1): 21-26.

Santos, R. F., Placido, H. F., Bosche, L. L., Neto, H. Z., Ferando, H., and Alessandro, B. 2021. Accelerated aging
methodologies for evaluating physiological potential of treated soybean seeds. Journal of Seed Science 43 (4): 1-
10. https://doi.org/10.1590/2317-1545v43250605

Sheidaei, S., Hamidi, A., Sadeghi, H., Oskouei, B., and Zare, L. 2019. Impact of storage fungi on soybean seed
deterioration in different storage conditions and seed moisture content. Iranian Journal of Seed Science and
Technology 6 (1): 65-76. (in Persian with English abstract).

Taji, M., Rahemi karizaki, A., and Daneshmand khosravi, K. 2014. Effect of seed aging on emergence and
morphological characteristics of sunflower cultivars (Helianthus annus L.). Journal of Applied Research of Plant
Ecophysiology 1 (4): 19-30. (in Persian with English abstract).

Turk, G., Ceribas, A. O., Sahna, E., and Atessahin, A. 2011. Lycopene and ellagic acid prevent testicular
apoptosis induced by cisplatin. Phytomedicine 18 (5): 356-361. DOI: 10.1016/j.phymed.2010.07.008

Verma, S. K., Bjpai, G. C., Tewari, S. K., and Singh, J. 2005. Seedling index and yield as influenced by seed size
in pigeon pea. Legume Resarch 28: 143-145.

Weerasekara, |., Sinniah, U. R., Namasivayam, P., Nazli, M. H., Abdurahman, S. A., and Ghazali, M. N. 2021.
Priming with humic acid to reverse ageing damage in soybean (Glycine max (L.) Merrill.] seeds. Agriculture 11
(966): 1-18. https://doi.org/10.3390/agriculture11100966

Xiong, Z. T., Chao, L., and Bing, G. 2006. Phytotoxic effects of copper on nitrogen metabolism and plant growth
in  Brassica  pekinensis  Rupr.  Ecotoxicology and  Environmental  Safety 64:  273-280.
https://doi.org/10.1016/j.ecoenv.2006.02.003

Yang, J., Zhang, J., Huang, Z., Zhu, Q., and Wang, L. 2000. Remobilization of carbon reserved is improved by
controlled soil  drying during grain filling of wheat. Crop Science 40: 1645-1655.
https://doi.org/10.2135/cropsci2000.4061645x


https://doi.org/10.17221/512/2020-PSE
https://doi.org/10.1590/2317-1545v42227873
https://doi.org/10.1590/2317-1545v42227873
https://doi.10.12691/jfnr-2-1-10
https://doi.org/10.1111/j.1472-8206.2008.00609.x
https://doi.org/10.1590/2317-1545v43250605
https://en.jref.ir/19730
https://en.jref.ir/19730
https://doi.org/10.1016/j.phymed.2010.07.008
https://doi.org/10.3390/agriculture11100966
https://doi.org/10.1016/j.ecoenv.2006.02.003
https://doi.org/10.2135/cropsci2000.4061645x

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

Research Article
Vol. 20, No. 3, Fall 2022, p. 319-333

The Effect of Simultaneous Application of Organic Fertilizers and Potassium
Sulfate on Yield and Characteristics of Saffron Flowers and Stigmas (Crocus
sativus L.)

M. Moradi', P. Rezvani Moghaddam®?", R. Khorassani®

How to cite this article:

Received: 28-12-2021 Moradi, M., Rezvani Moghaddam, P., and Khorassani, R. 2022. The Effect of

Revised: 23-02-2022 Simultaneous Application of Organic Fertilizers and Potassium Sulfate on Yield and
- 99.09. Characteristics of Saffron Flowers and Stigmas (Crocus sativus L.). Iranian Journal of

Accepted: 23-02-2022 Field Crops Research 20 (3): 319-333. (in Persian with English abstract).

DOI: 10.22067/jcesc.2022.74419.1133.

Introduction

Saffron (Crocus sativus L.) is a perennial plant of the Iridaceae family and is cultivated in Iran, Morocco,
India, Greece, Italy, and Spain. Iran is considered the main producer of saffron, with the most optimum climate
for saffron. Today, the dramatic increase in food production in the world requires high amounts of chemical
fertilizers. However, some of the adverse effects of chemical fertilizer overuse in conventional farming practices
have been well reported. In this regard, manure can be a good alternative, which can guarantee both agricultural
production and nature protection. Potassium is one of the most important nutrients for plant growth after
nitrogen. In spice plants, potassium indirectly improves nitrogen utilization and protein formation, flower size,
flower yield, oil content, color, etc. in spice plants. This study investigated the effect of different animal manures
in combination with different levels of potassium sulfate on saffron flower criteria.

Materials and Methods

The factorial experiment was carried out based on a randomized complete block design with three
replications at the agricultural lands of Jovein County, during the three cropping years of 2015-16, 2016-17, and
2017-18. The first factor includes three types of organic manure: laying poultry manure (5 and 10 ton.ha™),
broiler poultry manure (5 and 10 t.ha™) and cow manure (20 and 40 ton.ha™) and control (without the use of
organic manure) and the second factor includes different amounts of potassium sulfate fertilizer (0, 100 and 150
kg.ha™). The basis for determining the consumption of each organic fertilizer was applied based on the
recommended nitrogen and soil test. Saffron was cultivated in September 2015 in the length of 3 m and width of
1 m plots. Flower yield was determined randomly from 40 x 50 cm™ quadrates. Data analysis and figure drawing
were performed using SAS 9.1 and MS-Excel software.

Results and Discussion

The results of analysis of variance in two years showed that the effect of animal manure and potassium
sulfate and their interaction were significant on the number of flowers, total flower weight, stigma dry weight,
and style dry weight. Also, potassium sulfate and manure's main effects and interaction were significant on the
dry weight of flowers without stigma and style in the second year. However, the main effects of potassium
sulfate and manure significantly affected on the dry weight of flowers without stigma and style, but their
interaction was not significant in the third year. The highest number of flowers was obtained in the treatment of
150 kg.ha™ potassium sulfate and 40 ton.ha™ cow manure in the second year, and it was obtained in the treatment
of 150 kg.ha™ potassium sulfate ten ton.ha™ laying poultry manure in the third year. The highest total flower
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weight belonged to the treatment of 150 kg.ha™ potassium sulfate and 10 ton.ha™ was laying poultry manure in
second and three years. The hlghest stigmas dry weight was observed in 100 kg.ha™ potassium sulfate and 40
ton.ha cow manure treatment in the second year, and the highest amount of this trait was related to the
treatment of 100 kg.ha™ potassium sulfate and ten ton.ha™ broiler poultry manure in the third year. The results of
this experiment indicate that the application of animal manures and potassium sulfate combination has positive
effects on improving the yield of saffron flowers and eco-friendliness. It seems that the combination of animal
manures and chemical fertilizers can reduce the use of chemical fertilizers.

Conclusion

The results of this study showed that the best treatment for most traits was 150 kg.ha™ potassmm sulfate and
40 ton.ha™ cow manure interaction treatment in the second and third years, and then the 150 kg.ha™ potassium
sulfate and ten ton.ha™ laying poultry manure treatment could be mentioned as the superior treatment. In general,
according to the findings of this study, it seems that the simultaneous application of optimal amounts of
ecological inputs and chemical fertilizers of potassium sulfate can reduce the destructive effects caused by
excessive use of chemical fertilizers on this valuable medicinal plant while improving the properties of saffron
flowers.

Keywords: Broiler poultry manure, Cow manure, Ecological inputs, Medicinal plant, Number of flowers
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Table 1- Meteorological statistics (monthly) of Joveyn station during the experimental period in 2015-2016, 2016-2017 and

2017-2018
w ol oeSbe sled PSlas glod Jilas glod
Yb Rainfall Average temperature Max temperature Min temperature
ear o
(mm) (°C)

2015-16 153.7 7.78 22.07 15.33
2016-17 124.7 7.37 22.43 14.72
2017-18 101.4 8.14 30.25 15.76

aw yn , JTcladgS 5l lie polie 5l asys 00 gilusljl bl
23,5 (s Jlo

P o) guland g Suwnd il Jold pe s Oldos
slaslos oo (gjluwodlel I uy 103,5 plol \YAF olog 0
I slodss & iy o 1 Jlasl 00855 (sl )3 (9365
2 g bl g 5 2235 By 5 5 102 gy Sl
L yio 8l Ve o U cudlS 5l U8 5 ()95 dogiye slad 9 )8
WSy () Cpgod g e N o g e T ok 4 b )S
26,8 plool a5l Vo s,

o) NS5 e JT oS o cin Jels Jgl 556

OLSa 53 55V 90) (dsS (0 295 (SB35 Ve 50
o= ¥r s Ve) 9lS 268" 5 (Aminifard and Gholizade, 2018)
plie Jold pgd j9iL8 9 355" il olisul g Sali 9 (LS 5
OLSa 53 oS V0 9V e+ iis) pasliy Oldlgus 398 Cilisea
U o Gos jliilejl plsl 5l L3 54 (Akrami et al., 2015)
L5 o8 15 gl (S wges ool jsbas S (g sta g5l T
T a3 iass Slaogs 5 ¥ Jgis 5 Y Jpir 5
o g o 355 (slale polie .l odds o3l LS 8 pne
(oLo yg2 8 > oo (s5luwosliol Sllas 5l dn) Jlo aw ym p
o odd (asude palie & Cul S5 @ Y (P Join) A Jles!

wilojl Jome SB (olond 9 (58 Oluogad Y Jgoa
Table 2- Soil chemical and physical characteristics of the experimental site

Soil texture Available nitrogen (%)

P (mg.kg™)

B EC
K (mg.kg™) pH (ds.md) OC (%)

(Silt loam) b ¢ 0.07

11.16 208 7.68 2.56 0.51
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Table 3- Chemical characteristics of used organic fertilizers
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Elements Unit Laying poultry manure  Broiler manure Cow manure
(N) <l % 3.61 457 2.26
(P) yousd % 1.99 1.86 0.64
(K) ol % 1.66 1.57 1.04
(Ca) s’ % 7.09 5.3 1.42
(M) o2 50 % 0.89 0.84 0.44
(Na) s % 0.31 0.29 0.15
(S) 3,555 % 0.61 0.6 0.40
(Zn)xs,  mgkg? 462.31 457.32 209.85
(Cu) so  mg.kg™ 124.92 121.6 54.78
(Mn) 38 mg.kg™ 528.39 428.4 238.18
(Fe) o=l mg.kg™ 1681.22 1592.3 1856.13
(OC) JT ok % 73.63 72.1 85.19
EC ds m? 46 48 19.74
pH 7.5 7.4 75
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Table 4- Amounts of organic fertilizer used (kg.m™) for three years
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Broiler poultry . Laying poultry .
Cow manure Cow manure manure Broiler poultry manure Laying poultry
(40 ton.ha™ (20 ton.ha™) (10 ton. ha') manure (5 ton.ha™®) (10 ton.ha?) manure (5 ton.ha™)
12 6 3 15 3 1.5

y oslinr La kS 8 s Loy o) U5 3,50es 5
09 a2y 53 5Ol (S5 5 (g e 9 B3 )l
Odo & 0T il a0 Ve U1 glod) Sis anls g IS Sis
WA s dolB g AIMST oty 8 S 59 9 (el VY

Jbo aw (b allbe 3)90 (slayadli ¢ pSojlal I
S oalis sl Ly L S o) g Lmodls Sl 5 428 ptals]]
iclio 5,5 ool MS-Excel 2019 5 SAS 9.1 (claljélo
Jleas! o )3 9 4SSl (glaals dix y905] 51 o3kl b o puSibe
WA C SRV 58

Slao gy Jol Jlo 53 adllas 3)90 sla )l a5 (il & 225 L
U Sl adlllae 4 Lise opl o 10 bl IS8 wlg e JS
Gl 05 a3y pow 5 ped Jlo 5o
9 el Sllgw 31480l (L5 pg> Jlo (illy 458 gl
039 e e > S5Ol dop> S Sl aw 53 (el 358

sylateds 5 (balojl syl 390 (6355 Cutle 4 425 L

Cd > Slghm Sk oizen 9 S5 O DAST I (6,55l
a5 3 gynly plotsan Aol jie G 1SS 9 pp o Sl
aibato 1o SN0 LN (Shg (nSSla L o 2)90 slaaty b b8
Cowd b cuiS )8 sla s GBlo b s g 4 ogl; U] ao
2 b Jlo dw (b (o)l Mo 0 ploxl (g pta 5l Yo (as 5
Ol 5 4l o I VY &S g Ol (298 (00 g adlaie e 4,
GSe yto Feee (gpe o ¥or) o) Cols (4255 Y1) o)l
V) adlais bye ulul  Cugilag 50 oolel A5 25l 1S )
5l osliil Ly g plss! (caiqun)) V0 g did ol Vo N 0 ¢ g0
ikl Jlo s ym 53 23,5 o s &y SILL (sloeed
9 ole ety Cugi 93 53 (wd ey Gk Sl e sadile JyuS
L il d5a ptalejl oy9 Jgb 50 0 plosl olo (0358
ole S dgus 25 .8 )55 148 oolaiwl Dyge (oluowds iSCale
ol Job 53 5 bl Jgb & (Jlo 32 0l olo b gl )
2o e Cgr b el La JS (4 gy 52 ol S
A e @ye yio lo Frox Qe dlul 4y SlyaleS” @S o glaw]



Yo .. o‘,&.:)' AJB{SSJfQLgop’m:;s b)mc}g |°"‘"“L“'§ QLGJ,M’LJT 6&055 olo}».h Oﬁ)wxﬁ;“ ‘obls.o.Bsdb‘}n

Jslate 6¥Lo 3,08 51 hyie Sl 3 Shes a5 €S g A
oo Jols SIS (ciie dlge IS golaus i gl ladsS
(Alipoor Miandehi et al., 2015) - ,LSen ¢ (paSko yo e
sladsS U oy an (59l5 255) old 355 55,8 a8 Wisly 5158
Sisy (sdo > A ool 38l & e (a5l 358 5 09l 355) obiowis
Las S abend 5 (o3 395 Bpae pis o & Cos 5
Shee g ol 9 mls coih coblhas 39 ol @l
355 el 355 5,558 35 . yuas (Jahan and Jahani, 2007)
Dl 5 s 38 )3 (L 355 5 (oS 355 wslS
Jl Jl 2 i LS 5y Slac o5 5 & a2 b ol ol
g ol a3 38 w3 gl lsse 4l cow Baas ol ol cusls
5 08des Gl Bl 53 a3gS 3 )l gy (2lie polis cenl)d
OB OlaT e (Hg s yl395 Sz Coenl 1 gl Jlu
P> Jlw 3 J5 3, Soe d9t0 3 Iy (o> (sladgS 3, 30
Koocheki et ) cowily (I slge onld L> a1y o)lyhe; coils
(Akrami et al., 2015) 4, Kan 5 0,81 Lilojl 1 (al., 2015
awly Slalg w358 LS 13 p)FolS Ve 5,8 a8 0 samliie
Bpman pis Jlog a4y Cumd 5 3l (60> 00 oljdl 4y ot
(Kianimanesh et al., 2021) o ,LSen g jiie LS a5 )
Jisbs 5 30i8) J1 st 5 (55 355) T sloss 5 253 oS
3)5 Glydes J5 ol il 4 e (0

> iy Gy 453 Gl pod Jlo (5:Ske duglie ol
Sy )51 V0 Jlass )3 (aye o 3 )5 TYIVE) JS JS
2 Ol e oS g S 3 i8035 (50 398 (5 Ve g el
WIEY) (395 (£30 395 (55 0 9 bty Clilgus Bpuas pie Lo
9 Oyt e O3l (P Joiz) b odalie (@pe po 3 p)5
Vs @l an aag b g o) 5Y Cdo ol Gl 58
po—e Jlw 3 IS S5 0js (npieS 9 (i & AD et
05V g el Sl p)S5lS V00 Slalos 4 bgrpe i
pas g (@ )ie 3 pyS VIVY) S e 55 (850 395 LS 1
(e ;e 3 £y YPIVY) (a3 395 g sty Clidgu 395" B puae
oinlejl (A Jods) aiisly \SouSo U (shuo)d BY cglis a5 39
(Alipoor Miandehi et al., 2015) )L Sen 5 2iSlo jo e
yie 3 )5 AV e 4 S S 5 Gy (e 45 4D odnlidae
395) load 5 (598 295) (o> 355 B sloi 4 bape e
295 Bycn pie Jloi d bgpo ol (a8 g (6lind 365 5 0]
55 (Akrami et al., 2015) )|\ Ken g (0,81 .04 (0l 5 (oliosd
e rly Olgus iS5 0 SolS Ve o Bpas o L0l ()]3S
Spas pic) wald & Cuns JS S 5 0y shoy OF LIl 4
Aminifard and ) oslj 18 g 5,8 el b )] (el lilgun
o5 Ve 3,8 oS Wy ol 5¢3 islejl y> (Gholizade, 2018

wls g U o J5 SuiS (g 9 el Sl (g AN St
20> Sy Jlinl o 53 3 Jale 93 cnl iiSen 292 )l gine
AN (g J5 St (g 9 dals St (g AN SiS (g 2
ooy iy Jlesl g )3 IS S 5 (g9 9 J5 Sl g 4l g
(0 Jgi2) 8392 o gime

cshol Il a8l (i 340 pow Jlo il)ly 4 jo5 gl
S Jlanl o 5 gl GiiSon s 5 (o 395 ol Slilges
P9t 3 sine AN SS9 9 J5 IS (g 5 Sl ey
2 b 395 Ly ol 1S g ool Sl Lol 5 ricman
2 hop gy gaw (38 (ol Sl g e S Jleis)
anls g AN (o J§ S (g 09 4l ne deld Sl (g
s 3 (0l 355 g esilty Mg Lol Sl 36 cow 3
(Y Jgs2) €85 51,8 2o s gy Sl

e 3 (g ste 3 AWY) 9> Lo 53 S slaws (i yii
2 FeS 9 S )3 (98 365 (5 ¥r g sl Clilgus S ols VD
Olalgaw Byuno pie Jlowd ) @y yio 0 5PV L S sliws
ol 45 (7 Jgi) ol Casdey (59l8 568 1S 3 05 ¥+ g el
DSl dunlio ol Wog Ciglaie duo > ¥A LS00 b less 90
1O+ Hles 4y bgsye S5 olasd l5ae oy yiddi o7 0 (LS pow Jo
0 395 LS 53 (55 Ve g el Clilg LS 53 p)SlS
Lajles b o) isne gl o 291 (@pe o 3 VIV S o5
POV S g el Slgw LS 13 p)SolS Ve Bpae
9 RS e58 (£ 0 355 IS 13 (5 0 5 (B (£ e 355 LS
LS 53 (5 e g by Cldlgus i 53 Sl N0+ ooy
Gyco e s )3 s U5 S oyt el (58 28
ol Cwdd (gope yso 3 WY/ )] (als 3657 g pawlts Sl gus
S3LS 5 (M55 (F 0 355 4 S IS5 (0 355 (A Jgiz)
Al (i yiad g pedS it (9 o polie Gl
5 5 Jobo 32lad 53 oe S polie pl o Ll (Y Jgaz)
ilwdljl pioen ¢ (Ansari et al., 2019) a5yl J5 LSS
Jls 5 calliy Cunl (4908 56551 patnl (£50 38 )3 polis
3,8 BS ol i a5 4 e JISRSS (£ p0 365 g
355 a8 0,8 kbl (Javaheri et al., 2005) ) Ken 4 (5,0l
2 Ll as oo Lall) (6550 (i polis plo Gl ) el
oly ot 4 (695 355) (ool 395 B yuna a5 Winly L5 295 yiulojl
(Beta vulgaris) xé,nse 5,Slee yiul38l 4 yoxie pawly ldgu
Gyt 39S ) ams oS bl o] (Amiri, 2008) (g el 15
olie el 3 (b sl jl Leis SLs (ol dgu0
oy ol elagls ol 4 s (slnagS Lol (1S o oolitul
(595 355) (o213 25 S 5 5 A8 5 (b | e ogllan A3
oyl aalllas )3 IS 5 Slos oty g5 & ot oasliy 5 yind |



YE4Y 30l O oylowd Ve ala oyl pl (£ly5 Ghnidiy apuis  YYF

JLgs! (Zabihi and Pishbin, 2019) sy Lbe 5 xed (2008
2 ol (g9l 358 e el (ol 395 Gy oS 08
2 595 355 2,8 Wb o s Jodle yas las SlasSs
ol ede g a8 o slsol |y oy Ol olewdngS b awlio
s S s lid polie 5 olkie eals 5 T esle iljil Yiezs
Monamizadeh et ) 3,ls c Vs Jasocunj sla Sagl Lials
U 5 b3 pbl a8 5 59,0 a5 (sladllae 4 (al., 2016
Olyie; ANy J5 3 Sas 52 (59 355 5 (olend (sl Spae
5 y8j9,a (Unal and Cavusoqlu, 2005) i 5,55 coe
S sleags o8 wizils bl (Befrozfar et al., 2013) ), Ko
5 it yolie (gluoydd cud b dgu b adllas 3,90 JI €
Sl ad) 0aiiS o Lt (sl pusl)lg e 5 b 90y90 (il
O (] Wad AN 5 Soe (I 5 (9t e Ll
S 20 Aiwd (sdse dlgo 5l e ol sladgS 4 Wi S L]
ol s LadgS il cdm G pae plin )5 (T acd Slge 25
[(Befrozfar et al., 2013) cul oS 5 Sloe jio)38l
e @ bgye pgd Jlo sl e Std (g (e oy
AVY) LS 55 g9l 395 (5 ¥ g sl Sl S ols VO
e (532> OA il los (ol 228 9 392 (e y20 52 )5
Olalg s 355 By ino pie) bl Hlos s |y deld i3 454
el SS9yl (pyteS Cudl (g )3 (1 355 9 wanliy
P sS Ve g (ol 395 g el Clilgus 395 S pume pie jlos
s g3 pyS +[+0) JUS 53 (el 395 (5 Ve g ey Sldlgu 98
Oty o Jlo (gl aols KB (359 2050 )3 el Canday (g0
o355 V0 g el Sl US55 p)SkS Ver 53 e
Sgls 48 el Csday (@ye o )3 5 /YY) JiSe )3 23S
95 285 5 ¥ g by Slilgur 2SS N0 Jlowi b ()3 sne
A Caud Caivo ol (g0 B+ il & yoxie g cudls [Sa 4o
NOV) (ol 355" 5 sl Slilgur By pie ol o o
Oliee (o395 Sipl  dagi b (A Joi2) 3 (@0 oo 2 25
3000 b cnlple (7 Joa) 3,05 (65 395 4 s (6 pin iy
525 (530S rmly 3,)LS 5l sl 355 US55 (£ 50 355
PS5 Ve g 3L (i 3 gime gl pas b )
by Oy p)SobS N+ g (£50 395 b oo mawlty Clilgu
395 A8l o drgi bty oo Yl 4y (ilate (695 3957 L ol
a8 Coyo L]y 395 53 S0 yolis (598 395 4 Cund (£
Coog aald SiiS 59 09 YL Aty g yas 4 1 WS e ]
L g Jlo 53 oo b ilaia pgd Jlo 53 (555 355 56
2955l podar (0 395 53 S0 (13958 Oliwe S cnl 4 Colie
P> Jlo & Comd (i 03955 Ol o Jlo 53 9 Conl (golS
po Jlw 3 a9 s Sl el bl 5 o ]

5 S5 o0 Skes (gho ) YYIOF Lilidl 4 joxie (£ 30 365 HliSa )
0355 Wilo JIog8 318" Se S 0 Al o &) s
5 o lyn el s 1 ol s e U5 3,Skae s
(Aminifard and Gholizade, 2018) cuuily )i lse
355 5 ¥ g el Olgw p)S ol Ve e pgs Jlo
Fo 3 p)S IYN) S Sid (59 (n e > WS 53 5o
slas 4 Cans lasd opl (a0 OF ol &4y oxie o5 3 (@2
A U 53 (bsS (£ 395 (5 B g el Sl Bpuae pae
po—e Jluw )3 4 Sid (g (508 9 Cn i (7 Jgi)
5 peoly Olg )LiSe 3 p)So b Ve slajlosd 3 s i
(@ e 3 p)5 ME=Y) (dsS (50 395 U8 )3 (5 )+ Bpae
> 3 23S tIAY) (o3 395" g el Sllgur Bpas pac dald
5 oy Slilg s 1S )3 p Sl Ve e Jlo g dol sy (e
YA Glaljdl any yoxie (B (£ 0 395 LS 53 (5 )+ Bpae
2 (A Jgi) 15 sald jles a4 Coms AN KB (j9 (s
aS sl L (Zabihi and Feizi, 2014) pad g (owd Gaioo
& 3l aoly S pan 9 391 Cute il By & s Gl
s aIMS 5y Slos o o yiul3 8l dy e cpumly Cildlgu
ol (Koocheki et al., 2015) | )LSen  (So58 .0 )l yas;

3LS pas b duolis jo (old 265 LS jd o5 £ 084S s )8
+ AN g AMS 59 o pd YY o VY Lol 4 oo o ]
(Akrami et al., 2015) o ,LSan 5 (—0)ST Lol )3 .0 aols
Ve Olaljdl A o mawly Clilgw LS )3 Sl Ve 58
W Aals 4 Cowd lpae; AMS 5 (gduo)d
hlSen 5 (S5 (ilajl ool 5l osel Cundty ol wlie
Py olyes; AN Sl 59 o 5YL (Koocheki et al., 2015)
g piio Slody sl 5)l58 ((g9lS 28) (o> 355 B juas il
Oy <=5 (Rezvani Moghaddam et al., 2010) |l
o> sLmags Jlasl ames 3 1) e Sis AMS 5 ,Slas
(©lid 5 39y) (alond 5 (0 9 ST 59l slad5S)
Hassanzadeh Aval et ) -,LSea 5 Jsl 03l s 038 Lo
¥eo5l golS 268 0,8 Lilzal 5l ys a8 sy 45155 (al., 2013
ol J slgn 58,5 i 3 il Sl o nly 3 3K
Sy (o3 355 Jloel (s 515 Clagage 30y sl sldss gte
25 St (Lol g S cullab g ) Ll Bl )3 (o550 LS
Cedyb ialjdl 4 e Mg calply g AL Al Hawgsy) 4l
2 el g by (03955 Wile (g polis Gl g SeslS Jols
Sgo amal ¢jlwls, (Mohammdi et al., 2010) 5,5 Sk
dlgo o8 gl 4D 53 5 0 )90 Jgbo 1> (59l8 35 5l (gdie
AMIr, ) 3L 595 355" sla Sy 5l 50> (o Sl jo sise



YYy .. o‘,&.:)' NS 9 Jf uLup,.oa:» 9 o)S.Lo.c » |°"‘"“L“'§ C;w’.w 9 L?‘T 6&055 olo}».h o}uw ).:.;L ‘obls.o.h 9 55‘5‘}“

YA Gialidl g ol polaidl s 4y pgs Jlo o 1y (@20 e 3 p5
pie jless & Cos |y old g NS (g JS SUES (g oy
LS 53 el Sl p)S5LS Vee )8 g (ol> 395 S puae
pas Jless 3 = A Ld cnl i S (Y Jgie) Ab o
by Olgu )LiSa )3 p)S5LS Vee )8 g (ol> 395 B pume
Slow L 6yl ime gl a8 ol st (pe g0y p)5 V/YF)
P F Jedn) cuily puwly Olidaw 5 (ol 358 8 yns pic dald
09 S5 S iy Gliwe ot ety Slilgw (Lol 1 jles
VVIY) okt lilgus S0 5 p,SolS Ve G pumo by dsls o NS
b ine sl &S dol Cuwdey pows s (sl (e 20 3 £ )5
Byman |V JS5) il 368 ol S 53 S okS Ve r Bpan b
5SS g Gl e (555 (B0 095 1SR 53 (5 Ve
Cglds &S 3905 3o 1) (@pe plo ) £ WNY) s g NS (9
0995 05 Vg g5 (Ee 395 (5 0 Bpan b gy ine
AN g 5SS (g sl (oS Cudli JliSa )3 iS58
(ae 3o 3 o5 ABB) (ol 395 B pan pie Jlowi )3 4l 4
U ez U (596 555) oobd slaags (Y JSKb) w3 )5 ssalie
53 Shee raljdlan yoxie Jgl Jlw 53 ety a3y o0l 1,8
.(Monamizadeh et al., 2016) w9 o pgd> Jluw yd ol yssj

A3l o dalge ST o3ls 3008 | btes £)l30 (slaSs

5 LSl (Ghosh et al., 2004) 33,5 o (5oLS 355 & Caaas
S Wby (lis 35 islejl 5> (Babaeian et al., 2021) 1Ko
S8 53 p S oS Vee g eliy US55 p)SolS Vev iiSon
@ls o a2 b3S (o aels (g ol Wy 4 oxie sedlge
b = b jl (Khorramdel et al., 2019) Lo 9 Jo p )5
Opyidin & e (ol3 395 US> (5 T Bpas (g5 p0 Sy
A8 xgesie ;0 pypS YV i 4 deld SiS 5e e
(Alipoor Miandehi et al., 2015) ), Sen 5 2o yo e
2lond 355 olyom &y ol 355 Mo )d Vo Bpuae &S Widy 558
Oetisee ol b dols g AIMST y5s (oo )3 VWY Linlil 4 e
395 o ot I (Ko it (ol 355 85 sl o
4oy Sl Cope )3 sloig jeboas o] Bpmo &5 il 0
4 dgs oul Bpae )b jl (238 polis CutSy Jouily 95
b oasasly Hbl cpdisee pized Cowl YU Gdejlys 50 o594 S
4oxl g (gy 0)9> Job plaliBl o e (el 398 58
ORI A8 (ygbods 9 oo o |y (il g (odag) 15) Culbye
il il el ied s gl ) piwsw dbul 43 olS SUly
20,5 o paw dnly (0 g SLis oobe Wy g e olie
.(Aalizadeh et al., 2021)
9L 255 (5 ¥r Bpan g el Slilgw p)SelS N+ las
FIA) assls g &S (g J5 Suid (09 Olje (b S )

93 Jlw 53 olyde 5 IS (B Sig 32 (o> (5395 5 amwliy Ol gar O 51 (Ol o (Le) (il 4035 gl -0 Jgaa
Table 5- Results of analysis of variance (mean square) for the effects of potassium sulfate and animal manures on the
characteristics of saffron flowers in the second year

(Mean squares) iz po 3uibo
I 3 3 SwiS 59 SubS (339 . e e
S qbo @ J5 olass S5 P o B ol Wld g WS oy J§ Sl (359
SO.V 83150 Number of Total Fresh _ Dry weight of flowers
df flowers flower weight Stigma dry Style dry without stigma and style
' weight weight
Block <S4l 2 187.09™ 36.25™ 0.003™ 0.0003™ 0.73™
ey lilge
(A) 2 1209.75™ 142,67 0.027" 0.0028™ 067"
Potassium
sulfate
(B) b 558
Animal 6 724.01 116.21™ 0.02" 0.0008™ 1.9%
manure
AxB 12 243.03" 52.87" 0.012" 0.0008™ 0.81"
Error Js (sles 40 118.8 23.33 0.004 0.0002 0.29
Olyoss o pd
16.2 22.2 18.1 16.5 15.2
cV)

il o Y dze olds pae g o gy o yd S Jlein] e )3 b re gls )Silo i g4y NS g FF
=% % and ns significant difference at p< 0.01 and p< 0.05 and not significantly difference, respectively
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characteristics in the second year

Table 6- Means comparison for the interaction effect of potassium sulfate and animal manures on saffron flower’s

Cow manure (40 ton. ha®)

. . 9 I o J5 SWid (459
o2 358 J5 slaxs SIS o W Sds g5y @l SS9 b
Animal ma?ure (ton.ha® Number Total_ fresh f|O\2Ner' S'Figma dry2 Style dry \gveight Dry weight of flowers
) of flowers weight (g.m™) weight (g.m™) (g.m™) without stigma and style
(@m?)
5 o ls 46.78% 15.8°0 0.277%9 0.05" 2.65"
Control
M55 (£ 30 355 LS )3 55 0 hk d d i
Laying poultry manure (5 ton. 53.32™ 18.35%¢ 0.301%¢ 0.079%¢ 3.33*
ha®)
IS (e 398 1S 3 5 Ve ¢ o b
S Laying poultry manure 71.33a-g 22.12(:_ 0.336™ 0-071c—g 3.8 -€
gx % (10 ton. ha™)
5] "é S (E0 355 S > (50 N 0 bt
_%— g Broiler poultry manure (5 ton. 72.21%9 12.449 0.225¢ 0.054¢ 3.78
R ha™)
>3
B S e 8 S N )
48 oo poultry manure 64.46% 20.88%¢ 0.356°" 0.063%¢ 3.55%¢
& (10 ton. ha)
95 395 S 3 o5 Y )
Cow manure 55.43™k 19.13%¢ 0.345%f 0.061%" 3.28%
(20 ton. ha™)
&9 058 LS > i ¥ ‘ b 4 N
Cow manure 4477 23.25 - 0.294 -9 0'0720-9 3.16-
(40 ton. ha™)
5 o ld 59.13" 14,30 0.278°9 0.07%" 2.46'
Control
~ S (e 355 1S 3 (50 ; d f f i
3 " Laying poultry manure (5 ton. 66.61%" 17.15%9 0.269' 0.075% 2.9"
% < ha)
YD 15850 £ 068 lSa y3 o Ve
X #5355 o
3% S Laying pouliry manure 79.99%¢ 27.24%¢ 0.45+ 0.109% 4,17
. o (10 ton. ha™)
LB S e e 50 i £ f b
& Broiler poultry manure (5 ton. 63.67 21.3% 0.354% 0.079%¢ 3.9”¢
33 ha)
QB S e 28 S o 5 ) beh bed b § i
A2 Broiler poultry manure (10 85.1 24.59 0.38>* 0.072%¢ 4.38%¢
g g ton. ha)
SR @SB RgT g gtk 22.34°¢ 0.347°1 0.058" 3.45%"
Cow manure (20 ton. ha™)
RILEVECENAS a-f ab a c-e a
Cow manure (40 ton. ha') 70.89 31.08 0.486 0.08 4.8
5 o anls 50.55"* 18.7%9 0.298%9 0.062°" 3.374"
Control
~ S (e 355 1S 3 (50 k ‘ 4 &h
1 " Laying poultry manure (5ton.  60.92% 22.23% 0.317%¢ 0.08%¢ 3.417
% < ha)
20D a0 e s 1S o i)
’3' S Laying poultry manure (10 77.78%¢ 32.74% 0.4-79“l 0069dh 4.6ab
z = ton. ha'")
S @ T e e 3 50 ‘ b d b
f%; & Broiler poultry manure (5 ton. 75.33% 28.59%¢ 0.462° 0.084° 3.88"°
>3 ha™)
2 E 5 e 08 S o i N bd d b
X 5 Broiler poultry manure (10 83%*¢ 23.98™ 0.388* 0.092 3.69°¢
g 8 ton. ha®)
S8 cOvdfi;i ::zgt;; *h'a,l) 61.54°% 22.37°° 0.327%9 0.105% 3.2%
G5 255 e 2 ST 89.11° 18,529 0.311%¢ 0.121° 2.81%

)5 (gl me glds Juoyd gy prdaws pd SO (glaals wix g0l L 3l S pie By G Bl il (ol o e sa p
Similar letter in each column indicate no significant difference based on Duncan multiple tests in 5% level.
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Ls 4 (Torkamani and Alikhani, 2008) ¢l jl5,55 55 (ol
@9l 255 | iyt 08 ol o ol silodlil Sl 4 g
po—o Jlw )3 (E0 395 Cov ol 39yt ol
blod jl (1365 (0 398 &S ipl Jud> 0 ()b jl il o (it
395 |y (GBS (Fye 395 13 Pl b hoyd g (g lgime
Jles ) aels g AN o 5 (g el Cunl JIIS 055 (25

{F Jgso) 252 iS55 o ye 358 3| iy (1555 (o 355

ol ol coul g SB Jlodle Coonl 4t b ol

A Cupdoe D S (ol damg Cunst Cuglsl lgis &
Uiwls-8l.(Zabihi and Pishbin, 2019) 5,5 ,l, 8 ¢,l50 LS
Slogad ol 5,8 5l coss L SLs S olyo 5
5 o st om0 o a8l S landyS, 5
25039 9 o Gl g @ s 3 SB (B plals ol
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Table 7- Results of analysis of variance (mean square) for the effects of potassium sulfate and animal manures on the
characteristics of saffron flowers in the third year

(Mean squares) iz po 3uibo
5 ol I e e - SWS 459 SWS 459 9 AW (o J5 SWiS (459
o gl ) J§ slaxs J5 U5 5 o e i e
S0.v ] Number of  Total fresh flower _ .
af flowers weight Stigma dry Style dry Dry weight of flowers
) weight weight without stigma and style
Block <5k, 2 744.39" 33.89™ 0.002" 0.0006" 76.05™
reoliy Sldlgs
(A) 2 6333.46™ 1155.06™ 0.243" 0.0184™ 20.76"
Potassium
sulfate
(B) b 558
Animal 6 5334™ 128456 0.158™ 0.0051" 14.21"
manure
AxB 12 2866.07" 701.29" 0.14™ 0.0066" 5.24™
Error Js s 40 808.55 99.58 0.026 0.0017 5.46
Olyass o b
155 14.1 14.4 18.7 22.3
(C.V)

ALl e Hd e Sglds pas 5 duoyd gy o pd S Jlain ] e )3 Iy ixe glds ks s 4y NS o * FF
=% % and ns significant difference at p< 0.01 and p< 0.05 and not significantly difference, respectively
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Figure 1- Averages of the main effects of potassium sulfate on the characteristics of saffron flowers in the third year
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Table 8- Means comparison for the interaction effect of potassium sulfate and animal manures on saffron flower’s
characteristics in the third year

ol 355 J5 alaxs S5 F o AN s (4339 als Suid 53
. 1 Number of Total fresh flower weight ~ Stigma dry weight Style dry weight
Animal manure (t. ha™) flowers (g.m?) (g.m?) (@.m?)
9 oot 2l 123.01° 46.44° 0.82' 0.157°
Control
M3 0 358 S 13 055 . . y e
Laying poultry manure (5 130.33 47.67 1.363 0.24
ton. ha)
S eSS e 08 S 0 5N de o hi eg
3 @  Laying poultry manure (10 137 55 0.91 0.197
3) S ton. ha*)
TR St e 16855 53.98" 1,027 0.163°
ii E Broiler poultry manure (5 . . . .
3\ 7 ton. ha)
g w; Uﬁ’w 395 )l;‘S\m P v ab ab e-i c-g
[ Broiler poultry manure (10 225.08 91.57 1.017 0.217
ton. ha™)
55 365 LS 55 3 de e i d-g
Cow manure (20 ton. ha) 156.33 59.33 0.81 0.187
&9 28 LS o o ¥ ab ab e-i d-g
Cow manure (40 ton. ha') 223.32 94.4 1.057 0.18
35 osk ald 152.61% 5351 0.877" 0.18%¢
Control
P el s 231.94° 96.66° 0.86" 0.217°9
17 Laying poultry manure (5 . . . .
5 8 ton. ha)
D S ‘e e - .. W
3 D BT e 08 e 0 5 ) o . . o
o Laying poultry manure (10 65.18 62.63 0.93 0.213
% \3_/ ton. ha)
SEB g 180.79"¢ 61.12°9 0.983" 0.233%f
\_& = Broiler poultry manure (5 . . . .
w > ton. ha!)
;L‘ g W; S e 231.79% 92.67%® 1.6072 0.32%
7 Broiler poultry manure (10 . . . .
5 g ton. ha)
T a &35 255, > (5 Y. de fg e-i fg
Cow manure (20 ton. ha™) 139.33 54 1.04 0.17
@9 25 LS 5 o ¥ b-d c-e ab d-g
Cow manure (40 ton. ha') 181.61 73.82 1.513 0.193
3 osk ald 162.44% 65.84%1 1.12% 0.177°%
Control
iS50 (£50 365 HiSa p> o5 0 ae . . ot
1 & Laying poultry manure (5 t. 209.33 68.33 1.19%9 0.233
5 & hal)
3 2 )lfrvf"d e 355 LS 55 o5 V- 9 a a a-C a-C
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Figure 2- Averages of the main effects of animal manures on the characteristics of saffron flowers in the third year
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Introduction

Most areas under spring sugar beet cultivation face severe water restrictions and increasing the area under
cultivation of this crop in most of these areas is contrary to the principle of conservation of water and soil
resources. The use of new areas for winter sugar beet cultivation should be the area under cultivation of this crop
in hot and dry areas. Therefore, winter sowing (pending) of sugar beet with emphasis on the limitations of the
country's water resources has been proposed as a solution.

Materials and Methods

In this study, the quantitative and qualitative yield of 16 sugar beet genotypes in winter planting were studied
as a randomized complete block design with four replications in the Torbat-e-Jam region in the two cropping
years (2020-2021 and 2021-2022). The studied genotypes included F-20739, F-20837, F-21083, SBSI-5, SBSI-
15, SVZA 2019-JD389, SVZA 2019-JD0402, SVZA 2019-JD0400, SVZA 2019-JD0401, FDIR 19 B 3021,
FDIR 19 B 4028, F-20591, SBSI-6, SBSI-16, SBSI-7 and SBSI-17 are the breeding populations obtained from
the gene bank of the Sugar Beet Seed Breeding Research Institute. In this research, traits such as root yield,
sugar content, sugar yield, white sugar yield, Na, K, N, alkalinity, molasses sugar, white sugar content, and
extraction coefficient of sugar were measured. Data were analyzed using SAS 9.1 software. The analysis of
variance on test data and comparison to the middle of the Duncan test was performed at the 5% level. Factor
analysis was calculated to identify the main factors using MINITAB software. Cluster analysis of the studied
genotypes was obtained after standardizing the data by the Ward method and using Euclidean distance criterion
with the help of SPSS software.

Results and Discussion

The results of the combined analysis of variance showed that there was a significant difference between
different genotypes of sugar beet at the level of 1% probability for all studied traits except for nitrogen content.
The mean comparison showed that the SBSI-15 genotype had the highest root yield (60.66 ton.ha). It should be
noted that this genotype in terms of yield index traits did not show significantly different from genotypes F-
20739, SBSI-15, SVZA 2019-JD389, SVZA 2019-JD0402, SVZA 2019-JD0400, SVZA 2019-JD0401, and
FDIR 19 B 4028. Also, the F-20739 genotype had the highest amounts of sugar content (19.5%), white sugar
content (16.3%) and extraction coefficient of sugar (83.2%) and the lowest amount of potassium (4.24 meq .100
g of root weight) and Molasses sugar (2.7%). In addition, the highest sugar yield (10.69 t/ha) and white sugar
yield (8.68 t/ha) were in FDIR 19 B 3021 genotype. Investigating the correlation of traits showed the highest
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positive and significant correlation was between sugar yield and white sugar yield (0.99**) and the highest
negative and significant correlation was between extraction coefficient of sugar and molasses sugar (-0.95**).
Principal factor analysis based on the mean of the traits identified three factors that accounted for a total of 91%
of the variability between the data. SBSI-15, SVZA 2019-JD0398, SVZA 2019-JD0402, SVZA 2019-JD0400,
SVZA 2019-JD0401, FDIR 19 B 3021, and FDIR 19 B 4028 genotypes are distinguished different from other
genotypes and they were as superior genotypes in terms of yield index traits. The dendrogram generated from the

cluster analysis for white sugar yield classified genotypes into three main groups.
Conclusion

In general, SVZA 2019-JD0401, FDIR 19 B 3021, and FDIR 19 B 4028 genotypes were introduced as
superior genotypes with the highest white sugar yield and suitable for winter sowing in Torbat-e Jam region.

Keywords: Cluster analysis, Correlation, Factor analyze, White sugar yield
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Table 5- Correlation among studied traits in the different genotypes of sugar beet

5 o y3-¥ 5 Slos-Y a’ﬁ”"_i“ -~ _y o ik S w34 ""'f’"é_" Lo y-))
N T R ol e P
iy Sugar Sugar White Na g2 a0 ASte R - White Extraction Molasses
Root content yield sugar K N2 yuiro Alkalinity sugar coefficient of Sugar
yield yield content sugar
1 1.00
2 0.14"™ 1.00
3 0.90" 0.54" 1.00
4 0.84™ 0.63™ 0.99™ 1.00
5 -0.71" -0.55" -0.84™ -0.88™ 1.00
6 -0.19"™ -0.63" -0.42" -0.50" 0.45™ 1.00
7 -0.53" -0.21"™ -0.53" -0.53" 049" 007"  1.00
8 -0.53" -0.29" -0.57" -0.57" 050" 024"  -0.12% 1.00
9 0.29™ 0.98" 0.66*" 0.75*" 071"  -0.687 -0.29™ -0.36™ 1.00
10 0.54" 0.84™ 0.82" 0.89” -0.90"  -0.68"  -0.44™ -0.44" 0.93" 1.00
11 -0.66" -0.63” -0.84" -0.89” 0.97" 0.63" 0.48" 0.48"™ -0.78" -0.95" 1.00

*, ** and ns significant at 5%, 1% and no significant differences
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Table 6- Results of factor analysis of studied traits for different genotypes of sugar beet in winter planting

wiaeVariable S Jole 9 Jole aw Jole S il C,I}.Tw
Factor 1 Factor 2 Factor 3 Communality

4y 5Sles ROOL yield 0.973 0.004 0.038 0.948

ualBL w8 s> Sugar content 0.152 0.934 0.002 0.895

LG . > Slae Sugar yield 0.888 0.404 0.036 0.953

oAl 1B > Slee White sugar yield 0.844 0.513 0.022 0.976

o Na -0.776 -0.521 0.021 0.874

ol K -0.107 -0.810 -0.107 0.679

opae ey N -0.609 -0.104 0.732 0.918

cwlls o o Alkalinity -0.558 -0.186 -0.753 0.913

oAb 18wy White sugar content 0.310 0.929 -0.005 0.959

S el oy EXtraction coefficient of sugar 0.574 0.809 -0.033 0.985

oMo 15 10> Molasses sugar -0.704 -0.645 0.025 0.912
o9 ,ld Eigenvalue 7.26 1.64 111
wibly 1o Percent of variance 42.6 38.2 10.2
x5 Lo, Cumulative percentage 42.6 80.8 91.0

Second Factor

-1

-2

2.0 -15 -1.0 -0.5 0.0 05 1.0
First Factor

Root yield (RY), Sugar content (SC), Sugar yield (SY), White sugar yield (WSY), Na* (Na), K* (K), a-N (N), Alkalinity (Alc),
White sugar content (WSC), Extraction coefficient of sugar (ESC), Molasses sugar (MS)

F-20739 (1), F-20837 (2), F-21083(3), SBSI-5(4), SBSI-15(5), SVZA 2019-JD389 (6), SVZA 2019-JD0402(7), SVZA 2019-
JD0400 (8), SVZA 2019-JD0401 (9), FDIR 19 B 3021 (10), FDIR 19 B 4028 (11), F-20591 (12), SBSI-6 (14), SBSI-16 (15),
SBSI-7 (15), SBSI-17 (16)
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Figure 1- Biplot of studied traits and evaluated sugar beet genotypes distribution using two first component of rotated
varimax
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Figure 2- Cluster analysis for evaluated sugar beet genotypes using Ward’s method
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Introduction

Among the various nutrients, nitrogen (N) is the limiting element for crop yield, which application of the
optimum doses of this fertilizer in addition to increasing the yield components and grain yield in paddy fields,
enhances the profits of rice cultivation in the region. One of the sustainable soil management techniques in
paddy fields is the application of rice husk biochar. Biochar improves rice yield by improving soil chemical
properties, increasing nutrient storage capacity, and also reducing soil acidity. Zinc deficiency can be the most
important limiting factor of rice yield after N, P, and K. Therefore, the application of zinc fertilizer in the form of
nanoparticles can be an effective technique to increase the quantitative and qualitative characteristics of rice.
Therefore, the present study was conducted to investigate the effects of nitrogen doses along with the application
of biochar and also zinc fertilizer in the form of nanoparticles on the quantitative and qualitative characteristics
of rice.

Materials and Methods

The field experiment was carried out as a split-plot based on a randomized complete block design with three
replications at the farmer's field located in Amol (North of Iran) in cropping season of 2019-2020. In this study,
the doses of nitrogen applied at four levels of 0, 25, 50, and 75 kg.ha™ as the main factor and application of
fertilizers at four levels of control or no application of biochar and zinc nanoparticles, application of biochar,
foliar application of zinc nanoparticles and combined application of biochar and zinc nanoparticles as the sub-
factor were considered. The fertilizers of biochar and zinc nanoparticles at 40 ton.ha™ and 50 mg.I™* were used in
this experiment, respectively. At harvest time, the yield components, yield, and N and Zn concentrations in grain
were measured. Analysis of variance was performed using SAS software (ver. 9.2) and mean comparisons based
on the least significant difference (LSD) test at the level of 5% probability.

Results and Discussion

The results showed that the simple effects of experimental treatments were significant on all morphological
traits, yield components, and grain yield except the number of filled grains per panicle. The grain N
concentration was not affected by biochar and zinc, while grain Zn concentration was significant under this
treatment. Also, the impact of N application was significant on N and Zn concentrations in grain. The interaction
between experimental treatments was not significant on the studied traits except for the number of fertile tillers
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per hill. The maximum fertile tillers number per hill (17.66 tillers) was obtained by using a combination of
biochar + zinc nanoparticles + 50 kg N ha™, which indicates the positive impacts of S|multaneous application of
these fertilizers. The application of N fertlllzer at the amounts of 50 and 75 kg.ha™, respectively, resulted in
maximum grain yield (4340 kg.ha™) and production of the highest grain N concentratlon (1.30%). Although the
use of each of the biochar and zinc oxide nanoparticles improved the yield components, yield, and nutrient
concentrations in rice grain, the combined appllcatlon of biochar and zinc nanopartlcles S|gn|f|cantly increased
the quantitative and qualltatlve characterlstlcs of rice, so that the highest grain yield (4062 kg.ha™) and greatest
Zn concentration in grain (28.5 mg.kg™®) was observed under the simultaneous application of biochar +
nanoparticles.

Conclusion

According to the results of the present study, N application at the rate of 50 kg.ha™ and simultaneous
application of rice husk biochar + zinc nanoparticles are introduced as the optimal dose of N and the ideal
fertilizer option to increase crop yield and enrich rice grains.

Keywords: Grain yield, Nanofertilizer, Nitrogen concentration, Zinc concentration
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Table 1- Physical and chemical properties of soil before planting at a depth of 0 to 30 cm
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Clay 7.36 1.92 1.29 2.23 0.18 11.8 163 0.86
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Table 2- Characteristics of the biochar used in experiment
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C:N ratio (%)
8.5 0.26 47.4 0.67 0.09 1.01 70.7
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Table 3- Characteristics of zinc oxide nanoparticles used in experiment
o35l oo w0y 13 831 Gy 8329 @M =,
Nanoparticle Purity poercentage Particles size True densslty (gcm ‘_,ogmz Color
(%0) (nm) ) SSA (g m?)
ZnO >99% 10-30 5.606 20-60 Milky white
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Table 4- Analysis of variance for morphological traits, yield components and grain yield of rice under experimental

treatments
s . N aoxiy olass JURHLRIKEY S 039
Source of &l A Jsb aS 13 59,Y dwigh 3 al> FHIFYCINS
variation O ks L1 Pl_ant Panicle N fertil : No. filled 1000- Grain yield
"“ d.f height length No. fertile grains grain
tillers hill™ T .
panicle weight
Replication S 2 33.25 0.020 0.91 38.39 0.07 96545.31
Nitrogen (N) 39 3 2301.74™ 9.46™ 102.56™ 126.02" 227" 3957595.83"
Main error ol slbas 6 12.88 0.56 0.22 18.72 0.03 45497.40
Fe”(';')zers lossS 3 282.85™ 8.78" 1457 24.35" 1.75" 479048.61"
NxF 2355 )59 5 9 43.74™ 0.56™ 2.49" 13.98™ 0.28™ 57462.04™
Sub error = slas 24 32.56 1.15 0.80 61.61 0.32 125592.01
CV (%) Ol yak i - 4.3 4.2 6.8 8.8 2.2 9.2

55y S35 5 g 58) o> Sy g iy Jloi s )3 oisine 5 )l im0 b iy 5
, “and ™" Not-significant and significant at 5% and 1% probability levels, respectively. (Fertilizers: Biochar and Zinc nanoparticles)
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Table 5- Mean comparison of morphological traits, yield components and grain yield of rice under experimental treatments

22 95k 4oy Bl

oibojl (S logi Gy g5 awigh Jsb s @558 439 @5 5 Slos
Experimental Plant height Panicle length N 1000-grain weight Grain yield
treatments (cm) (cm) No. fel';?llit'”ers (@) (kg.ha™)
Nitrogen rate (kg ha™) ¢yjg s ,lake
0 111.8° 24.3° 8.9¢ 25.3° 3047¢
25 133.5° 25.9% 13.1° 26.1° 3865°
50 133.4° 26.2% 15.5° 26.3% 4340°
75 145.0% 26.1° 14.6° 26.1° 41722
(Fertilizer) 295
aald 127.30 24.8° 11.9° 255 3657
Control
_)‘”’f 130.8° 25.1° 12.4° 25.8™ 3715
Biochar
9 2SIyl 127.7° 26.0° 13.8° 26.1% 3989
ZnO-NPs
) 2SIt s 137.8° 26.6° 14.2% 26.4° 4062

Biochar + ZnO-NPs

Al o I3 gxe BB 2B o> gy Jleis] pdaw ;3 LSD g0l bl p gt 50 ailiie By G JBlas gyl (a1 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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Figure 1- Mean comparison of interaction between N rate and fertilizers of biochar and ZnO-NPs on number of fertile tillers
hill. (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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Silee dmlio ol (F Jgio) 15 o ixe 3 Sk il
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(Oladele et al., 2019)
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Al asly 3 (olid polie clale uiaen g 48 )3 o5k 4ty
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B 4 3y Slos 39 ege oS 0y Slow ol Jsb
aS oad %55 (Yuvaraj and Subramanian, 2014) sedb e
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L olye jlag0 5y)LS (Panam et al., 2016) 395 g0 Jgarro

oilel gl loni Cod g 413 43 (59, 9 (g GBI wlly 4rjed - Jgs
Table 6- Analysis of variance for concentrations of N and Zn in grain of rice under experimental treatments

Source of variation AW 3l3l 22 13 3 ojo e cBls S el
d.f N concentration in grain Zn concentration in grain
Replication JIRY 2 0.02 0.18
Nitrogen (N) oy 3 0.68" 14.009"
Main error ol sllas 6 0.009 1.25
Fertilizers (F) la3gS 3 0.003™ 328.99™
NxF Lg% )ja i 9 0.0009" 0.74"™
Sub error 0 sl 24 0.009 4.61
CV (%) Oy o g - 8.9 9.0

59y S35 5 Jlagm 58) o> Sy g iy Jloi o )3 oisine 5 )l im0 iy 5
, “and ™" Not-significant and significant at 5% and 1% probability levels, respectively. (Fertilizers: Biochar and Zinc nanoparticles)
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# NS
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Table 7- Mean comparison of concentrations of N and Zn in grain of rice under experimental treatments

ilejl s, losi
Experimental treatments

1> 43 g pui Cals
N concentration in grain (%)

Al 43 (gq, il
Zn concentration in grain (mg kg™)

Nitrogen rate (kg ha™®) ;jo s e

0 0.75° 22.4°

25 1.09° 23.6%

50 1.22 24.1%

75 1.30°% 25.0°

(Fertilizer) »s8
aald - 18.9°
Control '

slow . 19.5°
Biochar

&9y STl . 28.0°
ZnO-NPs

S "\“""‘;lyb + )l>9‘} _ 2853

Biochar + ZnO-NPs

Al o I3 gxe BB 2B o> gy Jleis] pdaw ;3 LSD g0l bl p gt 50 ailiie By G JBlas gyl (a1 Sike
Means followed by similar letters in each column are not significantly different at 5% level of probability according to LSD test.

duslio )0 Lo YYIY e as g g0 &b (g9, clale ()3l
s s Lo Lauwss 05 plosl clilllas .5 ali LS |
bl sl Ly gy 4 5, clile o ins 35t | (S
(Kheyri adb g olS 2y alises Jolpo )3 (59, 48T ly3530
.and Abbasalipour, 2021; Sheykhzadeh et al., 2021)
I () cale )3 6 ne 3 (2 4 slagm 30 42 5]
(95 B dg00 cos (59) Sl & ol 9331 g 2,55 ol
Gl e (5 oS ol S Sl lagm 5 &

(Wuetal., 2018) 53,5 o (59, j0

(8 5 4o

Jade Byino aS o s gy ol jl ol lss

e 3lg5 e (JLIS 13 )T 5hS B+ ) ()39 5t 395l patdie
F3Y &l .))Slo& uu;l).‘ﬂ co>g0 ild 9 c_s"l"\:’ )AoL.C clale doue
oEalS cezge (379, 355 b polie Bras (opizen 23,5
Sl e 395 395 o315l Gl 3,8 Bk 5l g 3)Shes
byae Sl sladyin Joood a4 poxie @y 3 )Slas e
755l 69y dnST SI3L 2 )8 4251535 (00 5,5l 2 298
Sroplaen Grae yo (3930 B (S 5 (o8 e Clio
3 Sloe pSlas g aily o Slie obe clale YL Jg cuil
dob e 9 55y ST S (S 5 308 kil
Byne (ol allbae jl ool Comwdd s 4 an g b .d,5
3L (S 5 38 9 JUSe )3 p)SokS B (e 4 955

dila 59, olale
(P<0.05) 59,15 5,0)l8" polde ool clyil &8 sl L gols
b 3 sy cbale 1 55y 9 )lagm Spae e Lol Il
Jlize g1 cow als gy clale Jy 15 I3 ine (P<0.01) 50
lin | ol o5 (5 Jpin) 2p3,S5 s sine 55515 50
cdale wSlas aS ol (Lis o595 Bpas jlide o 1SSke
V0 Gyao Lyp)Soks o p)S (o VO (5SSke L s 1 (69,
Be V0 yolde L S1acd Jols gyt iSe )3 p)56lS
g @l Gl (gl stme (g lel BB (59,5 LS 5 pSolS
o pd VoY i dild g9y clale ()5 B pas pas bylyd )
2 Ojsr Sute SIS doms al (Y Jgia) <8l rals
Jietal,) ohles 5 (> Ailoo @p & )3 55y Comdg S
3 39255 o e oy S 39y oS a5zl oy (2021
2l Cowl o035 &y 53 9y @39 Mre LRl s 59,
slaashs ) ) @l g fexis 2l Cute Il 5 Gl
sliwly 3 a5 (Shahane et al., 2018) 13505 5,135 1y &y
OsSle dunlie @l olol Bl oo gy ol jl Jol> @l
2B 4 9 28T Sd9L 20 595 9 slegn Bpae Sl
S S5 208 i 5 (93 £ A 5 15 e TA)
Ol WP s (S9) PSS 2 p)5 e YD) slas 9 59
aS oly )55 e (Y Jgdn) Bl aly jd (g9, clale jlide
d9-b oS by Lol jigp ol cage gl oS s
Kheyri et al., ) o,LSen ¢ 5,5 (Kheyri et al., 2018)
el s 2] Sydglls (il Jy loxe 45 il (20192
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