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Extended abstract

Introduction

Drought stress is one of the most important abiotic factors that can limit plant growth and yield. The
response of plants to water limitation has been evaluated based on genetic, biochemical and morpho-
physiological traits. Several strategies have been developed in order to decrease the toxic effects caused
by severe water limitation on plant growth. Among them the use of bio-fertilizers (such as mycorrhizae
and vermicompost) and nano-silicon play a key role in yield improvement. The aim of this study was to
investigate the effects of irrigation withholding in reproductive stages and nano-silicon and bio-
fertilizers application on grain filling period, chlorophyll content and grain yield of triticale.

Materials and methods

In order to study the effect of vermicompost, mycorrhizae and nano-silicon on yield and chlorophyll
content of triticale under water limitation conditions, an experiment was conducted as factorial based
on randomized complete block design with three replications in greenhouse research of faculty of
Agriculture and Natural Resources, University of Mohaghegh Ardabili in 2020. Experimental factors
were included irrigation limitation at three levels (full irrigation as control, irrigation withholding in 50
percent of heading and booting stages as moderate and severe water limitation, respectively), bio-
fertilizers application at four levels (no application of bio-fertilizers as control, application of
vermicompost, mycorrhizae, and both application of vermicompost and mycorrhizae) and foliar
application of nano-silicon (2 g.L-1 of nano-silicon and water-sprayed as control). Sanabad cultivar was
used in the experiment with plant density of 400 seed m-2. Chlorophyll and carotenoids content were
obtained according to Arnon (1949).

To study the grain filling parameters in each sampling, two plants in each pot were taken. The first
sampling was taken on day 8 after heading, and other samplings were taken in 4-days intervals to
determine the accumulation of grain weight. At each sampling, grains were removed from spikes
manually and were dried at 75°C for 48 h. A two-part linear model was used to quantifying the grain
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filling parameters. Total duration of grain filling was determined for each treatment combination by
fitting a bilinear model:
GW = {a + gfr(daa), ......if ...daa < B,

" T la+gfr(By), ... if daa = By,
Where GW is the grain dry weight; a, the GW-intercept; gfr, the slope of grain weight indicating grain
filling rate; daa, the days after earring; and P, physiological maturity. Borras et al. (2004) determined
grain filling using a bilinear model. Effective grain filling period (EGFD) was calculated from the
following equation:

EGFD = HGW/GFR
Where EGFD, HGW and RGF are effective grain filling period, the highest grain weight (g) and grain
filling rate (g day-1), respectively.
Conversely, an increase in grain weight in filling period was calculated using the above-cited equation
in statistical software SAS 9.1 via NLIN DUD procedure. At plant maturity, grain yield in each pot were
harvested by five plants per pot.
Analysis of variance and mean comparisons were performed using SAS 9.1 computer software packages.
The main effects and interactions were tested using the least significant difference (LSD) test at the 0.05
probability level.

Results and discussion

The results showed that application of vermicompost, mycorrhizae and foliar application of nano-silicon
under normal irrigation condition significantly increased chlorophyll a (61.02 percent), chlorophyll b
(43.17 percent), total chlorophyll (55.97 percent) and carotenoid (55.8 percent) content, maximum of
grain weight (54.78 percent), grain filling period (16.26 percent) and effective grain filling period (46.16
percent) in comparison with no application of bio-fertilizers and nano-silicon under irrigation
withholding in booting stage condition. Also, there were a significant increase about 36.78, 45.83, 61.8,
44.11 and 59.52 percent in plant height, ear length, the number of grain per spike, 100 grains weight and
grain yield per plant in application of vermicompost, mycorrhizae and foliar application of nano-silicon
under full irrigation in comparison with no application of vermicompost, mycorrhizae and foliar
application of nano-silicon under irrigation withholding in booting stage condition.

Conclusions
It seems that the application of bio-fertilizers and nano-silicon can increase grain yield of triticale under

water limitation conditions due to improving chlorophyll content and grain filling components.
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Bio fertilizers (B) &) gbogs 3 0.65™ 0.058™ 1.08™ 0.11™
Nano Silicon (N) Ok gils 1 0.23™ 0.021™ 0.39™ 0.039™
IxB o) oS x syl 6 0.037™ 0.0015™ 0.053™ 0.002™
IxN OFalawgilix gyl 2 0.002" 0.0015™ 0.005™ 0.0009"
BxN O85bowgil x Jum jslasgs 3 0.02"* 0.0004" 0.027** 0.0019**
IZ]:;L};U X sty S35 x (6 kT 6 0.008" 0.0014™ 0.016™ 0.0015™
Error ks 46 0.0022 0.00021 0.0038 0.00036
CV (%) (1) Ol ' g g - 8.02 12.67 9.91 10.8

Aoy S5 gz Jleizl mlas 1o )lo giee g jlo Jre oS 4y i g S
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively
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Table 3. Analysis of variance of the effect of bio-fertilizers, nano-silicon and irrigation levels

on chlorophyll content triticale.

Gl S 5 a Judg,ls b Jdg,ls I Mg,
Treatments Chlorophyll a Chlorophyllb  Total chlorophyll Carotenoid
mg.g'FW.
LixB1xNy 1.469h 0.4997 1.968 0.639mn°
LixB2xN1 1.5871 0.548'% 2.135¢ 0.683K
LixB3xN1 1.841 0.619° 2.460%¢ 0.783¢de
LixB4xN1 1.850* 0.647° 2.497% 0.815%
LixB1xN2 1.711¢ 0.5824% 2.293¢f 0.726"
I1xB2xN2 1.845% 0.644° 2.489% 0.78654
11xB3xN2 1.850? 0.647° 2.497% 0.815%
L1 xB4xN2 1.855% 0.650° 2.505* 0.818°
I2xB1xNiy 1.233mn 0.454hm 1.687°° 0.551s™
I2xB2xN1 1.392i 0.512h 1.9044! 0.5824rs
I2xB3xN1 1.670% 0.535¢" 2.205% 0.713hi
I2xB4xN1 1.7932® 0.608% 2.401bd 0.768df
12xB1xN2 1.3134 0.4774 1.790™ 0.611°r4
12xB2xN: 1.548¢ 0.535¢&" 2.083hi 0.669%Im
12xB3xN: 1.7982® 0.571¢f 2.690°d 0.741fh
12xB4xNa 1.802: 0.631% 2.433abed 0.800%°
I3xB1xNi 1.152° 0.454" 1.606° 0.525"
I3xB2xNi 1.193" 0.428m 1.621°° 0.566™
13xB3xNi 1.4301 0.488% 1.918¥ 0.624m°p
13xB4xNi1 1.627°f 0.559¢f 2.186# 0.6971k
I3xB1xN2 1.273m 0.440™ 1.714 0.537"
I3xB2xN2 1.353 0.465% 1.818m 0.596r7"
13xB3xN2 1.509¢" 0.523" 2.032i 0.655'n
13xB4xN2 1.753% 0.595% 2.348% 0.754°"
LSD 0.078 0.024 0.101 0.031

pas i 4 Ba g B3 Ba Bi il 5 evdliw a> e 0 gl gl g oS o LT sy 4T3 912 d
i N2 g NIl 5Sie 5 CawgeoS soyg ol 008 5 15 )580 mgaS (00)5 9 )15 (st SladsS 008
ool B (5 o 50 altis Bg > b slageSiloo 5Nabemsil 1) 50 )5 99 (2hsle 5 (2L Jslvo pas

35,5 LSD 9051 olasl 1 (500 ixe

I, I2 and I3 are normal irrigation, irrigation withholding at heading stage and irrigation withholding
at booting stage, respectively. Bi, B2, B3 and B4 are no application of bio-fertilizers, application of
vermicompost, mycorrhizae and both application vermicompost and mycorrhizae, respectively. Ny
and N are no foliar application, foliar application nano-silicon, respectively

bwgi 50 joe 9 GBS 92 gae 53 250 sulS
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Table 4. Analysis of variance of the effect of bio-fertilizers, nano-silicon and irrigation levels on grain filling components

of triticale.
M.S Ol po (3uileo
O g Gy poyed b p R0y

AP 039 BSlas &ils 1S gl &Syl

sob! maximum of  Grain filling Grain filling Effective grain
S.0.V ¥ b df grain weight rate period filling period
Replication IS 2 3.1x103™ 3.62x10°" 2065.4™ 838.9™
Irrigation levels (I) Skl z gl 2 8.5x104™ 5.78x10°" 84.6™ 200.4™
Bio fertilizers (B) Gy soss 3 6.3x10+* 5.88x10°" 56.4™ 145.8™
Nano Silicon (N) O95abowgil 1 2.7x104 1.62x108* 14.8* 453"
IxB o) oS x gyl 6 1.7x10™ 1.1x10°%" 2.4 5.7
IxN 095 gili x (6 5Ll 2 4.7x107m 5.66x10°" 0.8" 1.4
BxN 095w gl x (Fwn 5SS 3 8.7x107¢™ 7.66x10710* 1.03" 2.5"
IxBxN

cy3Saronsgil X gtum 3 5385 X (5 5ll 6 5.5%10°™ 1.01x10%" 2.1 41"

Error s 46 2.3x10¢* 1.07x10710" 0.22 0.55
CV (%) (1) &l g g 3o - 10.53 9.02 7.51

Beoye SO g i Jloiml mhaw (o ls e g jlo dixe o Ay s

# S

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

Jedg IS slgimme ol33l (Tsuno et al., 1994) )l )San
O 0,99 Job 5 e e SRl I (A5 eaS ez s |,
Skl (Cho et al., 1987) o, Kan g 5= .030,5 laie &ls
2 3l g S, LIS flie (xiledSs YU aals
08 b gl (e Gl crge LS 1 (6 5m
3 Murchie et al., 2002) ooy ails 4 dlge Jlaslg J&
O e 0,99 5 Lty 00 ST 055 Wl ee Zaled )
JSRT I ERN W =1 P WS RN, ISR T g ¥ - ) PR K
I 0l ool ()l Ll yo s (4l 2 090 Jsbo
S (e eaiS g8 Wil oo CawgeeS (5059 5 HeSekowsil
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i Job g g L7,/
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15259500 5 CamgeeS o0y9 (Eebli 325 W35 Lo 5
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& S Al Jobo 5 @50 £li5 )| (sao s FOIAY 5 YEIVA
Hhdole 5 (Fm) oS 3p)l5 pae Lalys
el dlre 53 il gl s cod bl
Lol 09 wuyipe 8 4 (Y Jgaz) Wiogy jlo,55 5
)53 586 22 1y o Jolos o 5 05 1 s (ol alS
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Table 5. Analysis of variance of the effect of bio-fertilizers, nano-silicon and irrigation levels on grain filling

components triticale.

S Wls 039 yiSlam OMb p Sl )30 Job » P o
oo . als FHERN W &l oyl ou (ol dlolee
S ybo maximum of . .
Treatments  rain weight Grain filling Grain filling  Effective grain Estimated Equation
rate period filling period
g g.day’! day
I1xB1xNi 0.0540" 0.001904 46.21% 28.42°¢ Y=0.0019x-0.0337
11xB2xN1 0.0565¢" 0.00195'% 46.26° 28.974 Y=0.00195x-0.0339
11xB3xNi 0.0645¢ 0.00191 49.32® 33.76% Y=0.00191x-0.0302
11xB4xN1 0.06742b¢ 0.00195'% 49.29% 34.56%¢ Y=0.00195%x-0.0297
I1xB1xN2 0.0593¢f 0.00203° 46.05¢ 29.214 Y=0.00203x-0.0346
11xB2xN2 0.065504 0.0194¢" 49.13%® 33.76% Y=0.00194x-0.0303
11xB3xN2 0.0677% 0.00198< 49.28» 34.193b¢ Y=0.00198x-0.0306
11xB4xN2 0.0695* 0.00197% 49.60* 35.27* Y=0.00197x-0.0297
12xB1xN1 0.04771k 0.00196¢" 42.72f 24.33¢ Y=0.00196x-0.0364
12xB2xN1 0.0542" 0.00193M 45.79% 28.08°¢ Y=0.00193x-0.0341
12xB3xN1 0.0590¢' 0.00199°¢ 46.47° 29.64¢ Y=0.00199%x-0.0341
12xB4xN1 0.0649¢¢ 0.001948" 48.72° 33.45¢ Y=0.00194x-0.00303
12xB1xN2 0.0502! 0.001904 44.29¢ 26.42f Y=0.0019x-0.0342
12xB2xN2 0.0591°¢f 0.00205* 45.93% 28.68% Y=0.00206x-0.0360
I2xB3xN2 0.06444 0.00191 49.32%® 33.71% Y=0.00191x-0.0308
12xB4xN2 0.06722% 0.00193M 49.56* 34.81% Y=0.00193x-0.0292
I3xB1xNi 0.0449! 0.00186" 42.66f 24.138 Y=0.00186-0.0345
13xB2xNi 0.04694 0.00189'™ 43.35f 24.81# Y=0.00189%-0.0353
13xB3xN1 0.04951 0.00189'™ 44.46° 26.19¢ Y=0.00189%x-0.0344
13xB4xNi 0.0571f 0.00198< 45.88<d 28.834% Y=0.00198x-0.0341
13xB1xN2 0.0471jkl 0.001921 43.06f 24.53¢ Y=0.00192x-0.0355
13xB2xN2 0.0497 0.00188™ 44.43¢ 26.43f Y=0.00188x-0.0337
13xB3xN2 0.0544h 0.001942" 45.46¢ 28.04¢ Y=0.00194x-0.0338
13xB4xN2 0.0598° 0.00206* 45.95% 29.17¢ Y=0.00205x-0.0348
LSD 0.0025 0.0000171 0.77 1.22 -

Oy )l5 sy B35S 518 pae i 5 4 Ba 9 B3 B2« Bi il g oesalis dl> e 10 skl adad g JolS gyl cos s a3 912 d
O9Sakemgil 2 5 08 53 (Bl sle 5 (Bl sle pae oo N2 g NI )sSee 5 CamgaS co3s pls5 9,215 5 152950 cCevgeaS )

)5 LSD 9031 ulasl o (5l sime (g lel NS g 50 50 wlie Bgyo b sl uSilee
I, I and I3 are normal irrigation, irrigation withholding at heading stage and irrigation withholding at booting stage,
respectively. Bi, B2, B3 and B4 are no application of bio-fertilizers, application of vermicompost, mycorrhizae and both

application vermicompost and mycorrhizae, respectively.

N1 and N2 are no foliar application, foliar application nano-silicon, respectively.
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Fig. 1. Effect of bio-fertilizers, nano-silicon and irrigation levels on grain filling
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Table 6. Analysis of variance of the effect of bio-fertilizers, nano-silicon and irrigation levels on yield and some traits of

triticale.
MLS @il o (aiileo
2 kg el Al o 4ild olax &ils wo 339
e @3l Plant abcww Jsb  Number of grain 100 grain o 0 )Xo
S.0.V ¥ gle  gf height Ear length per spike weight Grain yield
Replication SIS 2 5998.6™ 77" 2181.9™ 241" 10.3*
(Ill)'rigation levels LS)lﬁ-f‘i C,bcw 2 803** 12'2** 441 .7** 3‘5** 2'5**
Bio fertilizers (B)  sow ) sogs 3 828.1"" 19.1 744.8™ 4.4 3.08™
1(‘;‘)“" Silicon osSabawyil 1 25477 3.4™ 189.3" 15" 1.9%
IxB S B3 x 55kl 17.6™ 0.24™ 7 0.1" 0.039™
IxN O95aligil x (65T 30.7" 0.23™ 3.2m 0.063" 0.017"
X . . LD.>
BxN HS ’S 3 6.4 0.053" 6.2 0.056" 0.053™
Ok gl

DBXN 6 16.9" 031™ 11.7* 0.048" 0.057""
095 93l x (w595 x (5L : : ) : :

Error ks 46 2.68 0.041 1.99 0.013 0.0099
CV (%) (1) O i o i - 8.07 7.27 11.96 10.3 9.13

Beoye SO g i Jloisl mhaw (o lo g g jlo xe ol 5 Ay e

% S

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 7. Analysis of variance of the effect of bio-fertilizers, nano-silicon and irrigation levels on yield and some traits

triticale.
Golowd oS 5 Qg el alouw Job alcaw o aild slasy 415 W (439 ails o ySlos
Treatments  Plant height  Ear length  Number of grain per spike 100 grains weight Grain yield
m g gpl"
LixB1xNi1 721k 8.19!m 42.55m 4.61™ 2.94k
IixB2xN1 80eh 9.08M 46.351 4,99k 3.16M
11xB3xNi 85de 9.95¢% 53.65% 5.38°f 3.60%
LixB4xNi 912® 10.30% 58.25% 5.86% 4.02°
IixB1xN2 82fe 9.40fe" 48.85¢ 5.011k 3.47¢°f
11xB2xN2 87.1¢d 9.98bed 53.72¢de 5.67bd 3.79b¢
L1xB3xN2 92 10.30% 56.022¢ 5.86% 4.01*
LixBaxN2 92.32 10.50* 58.25% 5.88% 4.02°
L2xB1xN1 68.1! 7.52°04 38.55¢° 4.30% 2.60m"
I2xB2xN1 77.11 8.871 41.10m 4.80!mn 2.75m
I:xB3*N1 78hi 8.901 47.65M 4.80!mn 3.28¢h
I2xB4xN1 84,54t 9.60°" 54.92b¢ 5.57¢de 3.70%¢
[2xB1xN2 69.44 7.85™ 41.25m" 4.51°° 3.031
12xB2xN2 76.31 8.524 45.10 5.10M 3.04i
I2xB3xN2 83.8°f 9.57¢f 51.45¢f 5.29fh 3.51¢f
12xB4xN2 89be 10.14% 57.15% 5.76%¢ 3.90%
13xB1xN1 67.5' 7.204 364 4.08° 2.52"
13xB2xN1 69.44 7.68°P 39.65™ 4.209s 2.55"
13xB3xN1 73 8.361m 43.804 4.70mn° 2.844
I3xB4xNi 80.4¢h 9.24¢h 50.17% 5.19¢hi 3.38M%
I3xB1xN2 67.9' 7.36M 37.25 417" 2.66™
13xB2xN2 70K 8.03m 39.80™ 4.39M 2.84M
I3xB3xN2 75.91 8.695k 50.17% 4.89kim 3.37%
13xB4xN2 85.44¢ 9.78¢ 52.55¢ 5.484f 3.69«
LSD 2.69 0.33 2.32 0.19 0.16

5239 S8 ¢ s 12355 5,5 pae i i 4 Ba 3 B3 Bo « Bi il 5 evaliw al> e y0 gLl aad g JelS sylol e s a3 9120
Sl 1) 53 05 9 (S Jslne 5 (Bl Jslome pa o5 4 N2 g NI i y5Sn 5 CamnsaS sns ol 005 5 1325500 cCgeaS

35l LSD (yge3T wlasl 3 (6l ime (5 lel M (ygins 5o 50 wlie Bgyo b (sl uSileo

Ii, I> and I3 are normal irrigation, irrigation withholding at heading stage and irrigation withholding at booting stage,

respectively.

Bi, B2, B3 and B4 are no application of bio-fertilizers, application of vermicompost, mycorrhizae and both application

vermicompost and mycorrhizae, respectively.

N1 and N2 are no foliar application, foliar application nano-silicon, respectively
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