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Background and objectives: Drought is one of the most important
factors limiting crop production. Several methods have been
proposed to increase the resistance of crops against water limitation.
In this regard, the use of vermicompost and silicon can increase the
performance of crop plants under stress conditions. Considering the
above fact, the present study was undertaken to evaluate the effects of
nano silicon and vermicompost application on grain yield and the
trend of changes some physiological traits (i.e, SPAD, nitrogen
index, relative water content, leaf electrical conductivity and stomatal
conductivity) of rye in different irrigation regimes.

Materials and methods: A factorial layout based on a randomized
complete block design with three replications was conducted under
the research greenhouse conditions in 2023. Treatments were various
irrigation regimes (full irrigation as control, irrigation withholding at
50% of booting and heading stages as severe and moderate water
limitation, respectively), application of nanosilicon and
vermicompost at four levels (no application as control, application of
nanosilicon, vermicompost, both application vermicompost and
nanosilicon). Vermicompost was prepared from Gilda Corporation
and silicon from Pishgaman Nanomaterials Company. Nano silicon
was with the average of particle size of less than 30 nm. Foliar
application of Si was done in stages of tillering and stem elongation
(BBCH 21 and 30, respectively). Two weeks after irrigation with
holding in booting stage, some biochemical and physiological traits
were measured on the flag leaf. The trend of changes some traits such
as SPAD, nitrogen index, relative water content, leaf electrical
conductivity and stomatal conductivity were measured at time
intervals every four days from 135 to 151 days after planting.
Analysis of variance was done by software package SAS voi2. The
main effects and interactions were compared by LSD test at the 0.05
the probability level, using the SAS version 9.1.

Results: study of the trend of changes some physiological traits
showed that in 151 days after planting under irrigation withholding at
of booting conditions, application of vermicompost and nano silicon
increased SPAD (47.9%), nitrogen index (47.6%), relative content of
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flag leaf (30.2%), stomatal conductance (12.8%), root weight and
volume (22.3 and 28.3%, respectively), plant height (32.5%), spike
length (32.2%), the number of grains per spike (40.2%) and grain
weight of per plant (7.3%) as compared to no application of nano
silicon and vermicompost at the same level from irrigation levels.
Also, under irrigation withholding at of booting stage conditions, no
application of nano silicon and vermicompost increased electrical
conductivity (13.8%), hydrogen peroxide content (26.7%) and
malondialdehyde (9.8%) as compared to application of nano silicon
and vermicompost at the same level from irrigation levels.

Conclusion: Therefore, with considering of the results of this study,
it can be stated that, applying nano silicon and vermicompost were
able to compensate part of the grain weight of per plant reduction
caused by water limitation by improving some physiological traits of
rye.

Cite this article: Mohammadzadeh, Z., Seyed Sharifi, R. 2024. The effects of vermicompost and nano
silicon on yield and the trend of changes some physiological traits of rye (Secale cereal L.) in
different irrigation regimes. Crop Production Journal, 17 (2), 121-140.

© The Author(s). DOI: 10.22069/ejcp.2024.22515.2630

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

\YY



(\@\\] =513 Ol bt Ad g
o
Yooh-Yrax: ol LS Wb g AL
FSCERS YoerA-Yi-¥ 1S I Ll Ué‘cév‘;,,!v"':f‘"!

Ol GBS polal 3 Cuel ) pple aadl

Olho (5 ) O ki Wigy 98y o 33 (39Sl g3l g Cuw guoS (50 59 il
ST Ao slap 5 99 o9l S jglgl 3d

T R e g5, enljdezme |85

zahra.mhz9812@gmail.com :wbl; «0l,sl  Jussl ¢ sl Ghme s (s b 5 (6355lS asliils (A K55 5 A5 g 055 (6555 gl |
raouf_ssharifi@yahoo.com U1, ol ¢ oyl ¢ ool Gimes o K250 « ord e 5 630 0 ISl (ALS S5 A5 dige 05 S sl '

AJ.& Jle Sl
abwl‘-s_ﬁb)uul??.)fjjauzjw&‘fﬁfﬁ)‘éé&}JMJ@L« 45&"&)—'

ol o slging il Cassdme e 53 ol OLLS Caslie J5l5l ly sadame sla s AR T els B
o s o o ly5 0lalS s Shas L85 o 05l 5 Cw 5aS g5 3,518 abasly ol 53
@l 5 Shas 5 G 5008 o055 9 05w 56 D3 oL 550 sy ol 5 Bda s (20580,
s bl il slan 55 55 lsslr S35 Sli S Sk L)

) ERAAVARECKI T

4w s olas S sl sl b lep B s o sSb oo bl gy g0 se VT b
I 3 ol e oS8l b il 5 (55,3158 0Ll Jiliios SIS s 1SS
(5)L__J>@Mw)>@qgwu6uﬁ3%}ﬁu o 2oy Sl Sl s | Ve Y

Olgea O jay JMA.L,:...JJL;::V,‘.JJJIJ,» Loys 00 s L;JLJCEB‘MLLJ}'&A{J_AS

3208 pe) e Sz 55 CongeaS a5 5 0S5 ;J,.)Ls&&iﬁu”.g,uqﬁ;jw (SlS sl
(O 5L 5 S gmaS (055 p15 2208 a8 a5 (O 5Shewr 5L 3 S ol Ol oy A “’“
Al 4 OBl 3l se U Gy &8 5 510 S 56 5 1ULS &S 18 5 e 508 a5 350 ji:::
33 53 OSde sU L (AL e 5 205U Y Sl xS D3 031l da e b 0 5SGhow 5iL "5\@,) colda

Ay i 53 ol BBCH Lo ¥ 5 ¥) IS Uslao i 5a) asaile 5 jijamsy a1
A S 2G5 2SS ns 5 St Dlio F i paad a3 Ol clad |
e s IS Sl B 05 s e ls wiles Slio (S S Wy S 6 S el
Sas ke o Sl Aol (S ol wis, calte 5 Sl Culie (O s (gl gime

LA (6,8 o3l SalS 3l 55 V0) LAY 5L

Lyl 5 55 ClBl8 5l a5, V0 s a8 sl Ol Sl s b Dk Wy e el

CL.&J)\ ‘(J._..p): YAIY 9 YY/Y g_,._.”JJJA.:) oy s, O3 4(.’»&); \Y/A) LS‘“J.)'J) C,.;J.\A

'’y


mailto:zahra.mhz9812@gmail.com
mailto:raouf_ssharifi@yahoo.com

aly 055 5 (Aoys £0/Y) ables 55 &by slaws (Ao ys YV/Y) aiies Jsb (Us )5 YY/0) @ 5
23 e pmaS s 5 Ok S LS pde bl b bl | (Ao VIT) W5 8 s
Lyl s gl ad e 55 b e ramen 1y Ll e T Sl maw (aen
O350 A1y (Ao 33 VWA (SG Sl Culds G gaS o5 5 0550 516 5,58 e
03 3 Ok 5L el 5 5,8 4 s | (Us s /A daligsodle 5 (Aoys YUV)

s 5l ol sk ) e e > o sraS

T PN W ST I P W NP . e CON WP S PP e
o_.»Tg,\.l;j_).m)'\fiU W, s aly O SralS 5l s Wng B Sl gl G545

L5_>'J,..» ulj_:.:x_? ,\J”};J&;fu%fbjc,..»xé@)}ﬂ:l:(\b\”) .u_éjf) ‘uLlf:“‘)‘:“‘ ‘\jA) w)\)'.kw sl
ANV L DWW ol DLl s aloes 5Ll Cilisen glag 55 03 Ll S5y 5 Sl

DOI: 10.22069/ejcp.2024.22515.2630

QKM}J@ UKﬁNCbJLS))jLJS(:)baK‘ZJ\)rZL

V¢



B i Doy 9 0315050 325 [ kg 9 3,500 1 (y9Subawigili 9 CowguoS' 059 il

ol Sl Gl 4 S8 L0 Sk b oS s S
Sl 5 S T e Sl 3 o
() 558 0 ol (1555 ol

e ole Sl 8 e Ol s S oS o205
S e Sla0ge 58 5 sl s (B paeeS 5 D an
2ol ps glas S 5l S5 el S as,
st () Wik e SUB ) (g5 5LS lapls
syl S e S e Sl HLgbl (Yev) olLSen
Lol Cunsdms Loyl 5 53 G peS o
3 J S Sl (O e e G150
Colds falS 55 Wls e oS 5 Ssn ool jials
() Al Fae s, Shoe 2l 5 S5 (S
5,0l S A S ol (Y1) JLas 5 Sl S
3 bt S5 Ll d s s Joa S S s
Sl e (Sl OT (e s b 1l
Glases (V) A Ol s glgmms 5 Lid (lLL
5,8 as U S Ole (YY) OLKaa 5 4 puds
S 3 S Gl Al L S e e
il 2, Shas Sl g ol e (5 g
= (YY) 0L 5 ool OY) wl JCs 5
bl 5o G paS s 25 S A S S
O3S s glaws )8 2alS 5 b 51 ol s sdons
Slime Sl o o oS e (S ST s
oLS laisay Salha 5 o8l S 5 Shas by JS
1055 0ls (1¥48) OKen 5 g3l (V) Ll
3 s G b S geS ey 3 LS &S
b ole 5 Ol s ) aan s
S5 SLapll e (51531 L oS das e 2153l
My A5 b 5 Jlude al 4 e oS
(V8) 555 g0 p S s 5 Shas 2ol 35l 50355 2

A Olyss s ol Cussdise 5l —ab 5L
S LBy bl s, Ses alS s ol
3 Jedn 53 Ok U 5 S S a0

VYo

Ao

Jeos acals [say (Secale cereal L.) Sls 5\
33 eslinl OLSGl 5 (6558 5 (St oo a0 UL
5 Ll 53 UL Coenl 5100 Sl o s
5SS St (1) el sy oS
380 RS 3 Jse pmd b SRS (0 e
slowl L as B olals Js cul o5 0blS
g 2 wledise 5 SO n 5 sl
o Shes Fotn Gl Sl S 5 A, B
(V) LS Jor g S50 o

FoLe Sl ) sy 03 R (3 O Sk
P e e s EECTRC NI
Sl O Sl (Sod (o me o8 Lsa s
Gl by ol die OLalS 5 i s
() aeS o Jb 1, (ol JQJJ{L:» P Ji.ijjlﬁﬂ.e
L) ISl o5 s oswy b e
sl LS 5 S ey Ko 0/) b
il A 35 b J 5 S5 S 4S8 s
PalS e T e 5 JeSS S Al s
32l e Sl a3l 5 S e 51 G0
oA Sl W5 5 el oS (S ann s
Cblim b 5 Lyl o 05 (8 da3 e
ot (S ol S Ol sl @zl |
Sl s sl sl S eyl 0 s
(0) das oo b3l adu,y Jsb ddy (o5l

=L s s SLBI (YY) 2
s sdone dilen JolS (ol Ll 5 53 0 5k 53U
S 5 ol Slopart e bl
5 ol (V) A3 1S s 3 Shee Jil5l L ge
ol Ok 2,)LS An 50 LBl (Y22 0) o 5L,
eIl 4 5 ey (65 58 sl pe Uil L (S Lyl 2
3 80ee 5 i s @l slae il Comge ool
Ols (YY) 0 5 Olasg,s (V) As f"‘s/ £ls



V€YY D)Lo.n.:} dY 8,9 “;ﬁl))‘ ulhl; ..\.3,’94

oSS\ OIS el el (g e e
L Jol oms o3, a5y Jlsslr 5143 6Ll S
203 o 3de 00 Jslae) e e 3 i Ere (ST
o ol Sleedd o5 5 sllas (515 S (OIS
3 GlaoldS Lol s s LaplulS s eslizad ol
0353 b Lol 8 sl a3 Yo L5 Y0 clas
ol 51 S 5 Sl eslizal ) el VYo Ly,
ol sl L A (e 5 Jsane o
Lyl 5 e ae sl (IS 5l s
wld iy gl s o5 olS Sl s e
Jlre 03 Sk 50 L (2l sl A ol
ATV L dslee o ja) (a5 aoay
Sl S35 mls A ool (BBCH L s
3 Y dsdr oelinal sy SLa ol 558
03,31 Y Jsdr 53 b e o guaS 055 Slasiie
NG R W

(epsabin Al o s (ooll Wb 5l ey ania 5
5 s Sl g Sl 4 cad
sy Al e S (55 (S
el NS sl Lk clis 2 Dl
Sl (O e Sl O35 2 LS
Sl Jeolsd 53 S plassy culda 5 S S
sl ol 3 s (Sl LU 5, Ll o
e s JS ol Sl eslinal U e Lids IS 251 3
S 033, Ol 5 (05 SH ye SPAD-0+T)
SSeilll e s IS il 348 LS Oles
(10) L sl 5 alaly oladl s 3 0l
2 alal,

N=SPADx(0.017332+0.0016322)

AN

U s e ge ls ol Cusgdons 31 30 &l
derlse o AU s s Ll aalllas
= OS5 S 508 (a)5) A5 oS S
3 sledism Sliw S 5 A 55wl 05
L) ol s sions Jal s 53 Jlagle S5 s 5
-3 g
%9, 9 319

b Cj_b B s LSt o Sl
U P L L S APV sl |8 slas 5l
o ils b b 5 (55,58 odSsls Sl
GlaypSb . as |l VYl s syl Gl
i 3 bl il slagysy Jald ) 3550
Olyeany iy o33 Jpb s J—lS (5keD) o
5 el e Aoy 00 s 6)t_fﬁé_las als
mlbe 5 LS Cos gl Olgea o e asalin
3,508 ('BBCH s 00 567 0S L Jslas I
pe) s Slez 5o Ol 5L 5 S S 0
S 03 eS8 ke br L sl dals Ol a5 )
=S s o i 5 )L S O Ssil
3 S oS a0 pl 2l e aS s
L (Nano SiO?) 05l 5U 255 (050 50
CS b e o gl Yo LS Yo il 3 o310l
&S 5 3l 4«5 55— Nanomaterial US Resarch
Al g At 3 Ll sl e 5l 0L iy
5 iy Jrl e 55 85 L 3 s
orlade Y s VY ASTL ol s Sa) paoddla
V Jods 5o O Clasein 5 Ji ¢l (BBCH
sl 0l 03591

Erpli)l 5 8 8 L alaollS 5l cusls sl

1-Biologische Bundesanstalt, Bundessortenamt and
Chemical industry (BBCH)



B i Doy 9 0315050 325 [ kg 9 3,500 1 (y9Subawigili 9 CowguoS' 059 il

05w 56 Slasein =) Jsd=

Table 1. Nano Silicon properties
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Table 2. Soil physico- chemical characteristics
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Table 3. Result of vermicompost analysis
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Table 4. Variance analysis of the effects of nano silicon and vermicompost on SPAD and nitrogen index flag leaf of
rye under various irrigation regimes

5Xle ole o Mean Square

a2

e e sl (SPAD) s b5 IS sl 3 Nitrogen index 03 2 jaxls
5 - -
S.0.vV df sampling stages (day after planting) (.28 31w 355.) 15 p65e5 Jo
135 139 143 147 151 135 139 143 147 151
| S5 n .
).)N' 2 45.9ms 105'7 65.5" 133™ 36.9 0.016m™ 0'()"?38 0.013" 0'0*47 0.02"
Replication
(A) LI Tk
w 7627 w 220. - - . . 0.079*  0.089"
Trrigation 2 1561 S 2404n TL0 2240 0.05" 027" 0.08 . .
levels
Glao S s
N o 3 280.2"" 411:," 195.7* 266,? 199.8" 0.1 0.14™ 0.07" 0'0?5 0.07"
Stress
modulator
AXN 6 70,3 223" 34.5% 53*.1 341" 0.02* 0.008" 0.0}2 0.0‘19 0.0‘12
Errort= 22 214 8.2 6.5 8.8 8.1 0.007 0.0029  0.0029  0.0031 0.002
CV (%) ©lwis o s 85 53 5.6 6.4 6.5 8.8 5.8 52 63 62

Ao pr S gy Jlarl e 3 s e 5 la e b e i % @S

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

ol il gl 3y S sl o S 0555 el 5 e s IS B e paS a0 5 OS5 G680 alie —0 s

Table 5. Means comparison of the effects of nano silicon and vermicompost on SPAD and nitrogen index flag leaf of
rye under various irrigation regimes

(SPAD) s Jbs Js sl 3 Nitrogen Index o, S 035 55 jald
Treatments

byl Day after planting .38 31 - 33,

135 139 143 147 151 135 139 143 147 151
A1xNj 504 4562 52.56°  48.5®  459® | (.95f 0.868 0.99%¢  0.919% 0.87%
A1xN2 51.8%¢  56.3>¢  56.1® 49 4% 47% 1 0.982¢¢  1.06°°  1.063%®  0.938®  0.891®
A1xN3 61.9% 5774 56.4® 52.5° 49.1° 1.17% 1.09*d 1.07%® 0.996* 0.932
A1xN4 64.5° 61.5° 57.6* 53.12 49 .42 1.22° 1.16° 1.09? 1.008* 0.932
AxxNj 43.7" 41.38 38.94¢  33.53¢ 31.7¢ 0.828"  0.784¢ 0.73¢ 0.635¢ 0.602¢
AxxN2 56.304 556 52,5 47.06° 33.6° | 1.067%¢  1.054°°¢  0.99> 0.892° 0.93¢
AxxN3 514 504"  53.86*c 49.06°  42.8° | 0.976°T 0.957f 1.02%¢ 0.93® 0.81°
AxxNy4 48.8%1  543°F 5273  51.9%  46.9® | 0.926¢7 1.03¢f 1 0.984% 0.89%
A3xN) 44,50 4332 41.2¢ 37¢ 35.4° | 0.844°F  0.821¢ 0.78¢ 0.70¢ 0.67¢
A3xN2 53.6%¢  52.4°f 43.5¢ 35.4¢ 44.9® | 1.017¢¢  0.993¢f 0.82¢ 0.67¢ 0.85%
A3xN3 57.4%  59.5%¢  535%c  482%  456%® | 1.089*° 1.128*°  1.01*¢ 0.91%® 0.86%
A3xNy4 63.3%  60.9®  51.06° 492 48.7* | 1.201* 1.155® 0.96¢ 0.94% 0.92°
LSD 7.8 4.8 4.8 5.04 4.8 0.14 0.09 0.09 0.09 0.091

o 508 5255 60 55 516 2,8 e 5 50 N 5 N3 N2 NI ol 5 el o0 3 bl a5 oS (bl s 5w As 5 Ao A

5l o LLSD Gsa3l ald (sl ime sslal Gl G o 53 allie Cog o b sl Silie s 50aS a5 5 0 5Sekoms 51U 15 5 018
Al, A2 and A3 are full irrigation, irrigation withholding at heading and booting stages, respectively.
N1, N2, N3 and N4 are control, application of nano-silicon, vermicompost, both application vermicompost and nano-
silicon, respectively. Means with similar letters in each column are not significantly different based on LSD test.
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Table 6. Variance analysis of the effects of nano silicon and vermicompost on relative water content and stomatal
conductivity of flag leaf of rye under various irrigation regimes

>Ske Slas » Mean Square

S s § « o1 s ¢l s Relative water content Stomatal conductivity (slas, colas
S.0.V g sampling stages (day after planting) (.S 51 e 555) S)ls e 50 =l 0
135 139 143 147 151 135 139 143 147 151
) Ss
“_’i_ 2 187.1" 144~  38.2™ 445" 15.06™ 221" 222" 33.9™ 111.6™ 413"
Replication
&l sl
Irrigation (A) 2 344.6™ 78457 307.9™ 73757 714.2™ 654 977" 131.6™ 130.7" 176.2™
levels
SloonS e
® 30 127.9" 786" 5126™ 21297 556 357" 4417 802" 916" 922
Stress
modulator
AXN 6 84.1" 89.4" 55.7" 35.1° 40.7 54" 6.2" 34.8™ 18.17 13.97
Errori.~ 22 17.5 22.5 21.7 132 132 1.1 14 34 5.5 5.2
CV (%) o pis a2 5.4 7 6.8 53 53 4.9 4.6 5.4 6 5.5

.M)J&}@JW‘daﬁjbjhd"&»})bdwﬁb%j@%ﬁ

s NS

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 7. Means comparison of the effects of nanosilicon and vermicompost on relative water content and
stomatal conductivity of flag leaf of rye under various irrigation regimes

Treatments <l e e Sl Solia
sl Relative water content (%) Stomatal conductivity (mmol H,O m*sec)
135 139 143 147 151 135 139 143 147 151

AxN; 72.43¢d 74.56¢ 71.5b 68.93¢ 68.63%® 42364 38.36% 28.26f 27.53¢¢ 21.94
AxN, 83.132 80.06% 75.86% 62.834 75.23% 43.06%¢ 42.76° 37.06%4 30.26% 24.56%¢
A1xN; 83.76% 81.13% 78.46% 77.86% 74.96% 45.73® 43.032 39.06% 29.16%¢ 25.06%
A XNy 4.66* 81.66% 79.96% 78.36% 76.532 65.52 43.6% 40.232 30.632 25.932
AN, 63.06° 60.93¢ 54.86¢ 53.73F 52.6¢ 32.63¢ 29.7¢ 26.13F 20.2 17.16f
ArxN, 69.76% 61.66° 58.03% 55.06¢f 56.86° 33.6° 39.83% 27.33F 22.13hi 18.46¢f
ArxN; 69.234 73.334 70.6>¢ 71.06% 54.23¢ 40.064 39.9 35¢¢ 26.83¢% 23.8b¢
ApxNy 80.86% 62.83¢ 67.26c¢  70.06™¢ 68.53% 40.734 32.06% 32.76° 25.93¢f 19.36¢
A3xN; 81.13% 76.33%d 56.7% 58.53¢f 70.36% 41.56% 34.83¢ 36.5304 22.83¢" 19.13¢
A3xN, 80.93% 77.7%4 65.03¢ 71.6%¢ 69.56% 34.8¢ 39.9 35.36%¢ 24.2f 22.96¢
A3xN; 74.1bd 75.53bd 61.96¢f 75.8%¢ 68.46° 42230 40.9% 34.06% 28.4b4d 23.4604
A3xNy 77.96%¢ 75.13¢ 68.53¢ 75.06%¢ 67.6° 44.76%¢ 41.33® 37.73%¢  27.56°¢  23.26>d

LSD 7.09 5.75 6.15 7.89 8.03 3.79 3.98 3.14 2.04 1.83

w3308 235 0 5o 56 3,8 als 5 5 Na 5 N3 N2 N pasalon 5 el =10 53 b s 5 els bl e 50 As 5 A2 Al
51 o LLSD Gsa3l ool (5l ime solal Gl G 2 53 e Cog o b sl Silhie s 3008 a9 5 0 5Sekoms 51U 15 5 0018
Al, A2 and A3 are full irrigation, irrigation withholding at heading and booting stages, respectively.

N1, N2, N3 and N4 are control, application of nano-silicon, vermicompost, both application vermicompost and nano-
silicon, respectively. Means with similar letters in each column are not significantly different based on LSD test.
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Table 8. Variance analysis of the effects of nano silicon and vermicompost on electrical conductivity of flag leaf of
rye under various irrigation regimes

Mean Square &ile o Sl

S gde Sl 2 Day after planting) (.28 51 1 555) &ols p 4 pes ||
SOV df (Day p g) g 30) Sl p wsed -l e
135 139 143 147 151
Replication,| s 2 2438 4095.2* 835.4™ 1788.22™ 2464.81"
A ] Kk Kok *k *k *k
(. )&fw T 2 1868.56 1863.09 3494.65 6192.57 6381.58
Irrigation levels
&LA»J:SJ{M
N s 3 290.21* 979.87" 1653.1 535.75™ 654.88™
Stress
modulator
AXN 6 122.04™ 130.69" 303.49™ 406.78™ 295.98"
Errort= 22 32.82 47.93 85.36 92.46 93.89
CV (%)l i s 53 5.9 6.1 5.5 5

# dS

oy K o] Jlaz| c]a.d 53 Sl 5 Sl pme 8 S Sy
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
ol il Glawess Cod sl wr i S (SO Gl S sieS pans 5 055k 5L 6 S0k amlie =9 s

Table 9. Means comparison of the effects of nanosilicon and vermicompost on electrical conductivity of flag leaf of rye
under various irrigation regimes

(o e 39,5900 (GBS 51 g 550) (S colas

e Electrical conductivity (Day after planting) (uS. m™")
135 139 143 147 151
AxNi 92.26° 119.53¢ 154.9¢¢ 138.33¢ 166.03'
AxN2 109.03% 120.4%- 145.73¢ 175.53¢ 181.2¢f
A1xN3 87.7° 96.56f 120.4f 144.53¢ 162.13¢
A1XNy 84.36¢ 93.5¢ 116.46f 129.63¢ 152.7¢
AoxNi 123.432 138.86* 175362 195.82 223.7*
AoxN; 120.56% 134.96* 172.63% 193.33 211.26*¢
AoxN3 113.93%d 131.53 159.230¢ 190.43%¢ 203.9%4
AoxNy 112.43%4 119.33«¢ 166.7%¢ 183.8*¢ 196.46¢¢
A3xNi 117.8% 127.83%¢ 170.06*° 186.6*¢ 217.56%
A3xN; 109.16% 108.76% 152.734 176.96¢ 189.56%
A3xN3 104.46¢ 113.56¢ 153.53d 177.13% 198.03¢¢
A3xNy 110.86°¢ 100.23¢f 125.13f 176.4¢ 198.4%
LSD 9.7 11.7 15.6 16.2 16.4

o 508 5255 60 55 516 2,8 e 5 50 N 5 Ny N2 NI sl 5 el e 3 bl a5 oS (bl s 50 As 5 Ao Al

5l wa LLSD Gsa3l ol (sl ime solal Gllitt G o 53 alie g b sl Silie s 5aS a5 5 0 5Sekoms 51U 15 5 )18
Al, A2 and A3 are full irrigation, irrigation withholding at heading and booting stages, respectively.
N1, N2, N3 and N4 are control, application of nano-silicon, vermicompost, both application vermicompost and nano-
silicon, respectively. Means with similar letters in each column are not significantly different based on LSD test.
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Table 10. Variance analysis of the effect of nano silicon and vermicompost on grain weight of per plant
and some biochemical traits of rye under various irrigation regimes

Sl e SSLe
&ls O
FUN o5 <5 53 &ls slass I
st e g n n - © gl A i o T
o sl NWR o b e & : Xy ) Wiy
- df O350 LT Spike Plant Number  Grajn Root Root
| p N height of grains  eight weight |
H,0» MHD engt per spike of per volume
plant
1<
Jfg ) 0.016™  0.0083™ 21.41™  451.09" 147.13™  0.675"  0.03™ 0.26™
Replication
ol C}l‘“‘
Irrigation (A) 2 0.027* 0.01" 74317 3294.76" 1055.74 1321 0.076™  1.36™
levels
éuew&.\:ﬁ
N s 3 0.0044™  0.0047™  50.41" 2129 176.07  0.566™  0.046™  0.68™
Stress
modulator
AxXN 6 0.0013"  0.00073"  8.35" 443.13" 39.38" 0.116™  0.07" 0.11"
Errorta~ 22 0.00042  0.00025 1.21 78.12 11.93 0.020  0.0017 0.014
CV (W)l is 6.2 7 5.6 6.9 5.7 53 6 5.6

.MJJ&)@JL@Z}‘dﬁ.w)}ﬂ}&n})b‘;wﬁb%f"\{ﬁé%

* NS

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Tablel1. Means comparison of the effects of nanosilicon and vermicompost on grain weight of per plant and some
biochemical traits of rye under various irrigation regimes

als Ois

&ls slass . LS8l giee o oyl s
. . D
s ISERIT) ~ b b e i 53 ) Oaoen -mf""’
e Root e Spike Plvant Number *ﬁ’f H202 M
Treatments oh Root length height  of grains ~ Grain mol/g ) Malondialdehyde
weight . g
volume (cm) (cm) per weight (umol/g FW)
spike of per (WFW
plant
A1xNi 0.675% 1.91f 18.16% 131¢d 61.73« 2.65° 0.343° 0.2390-
A1xN2 0.711¢¢  2.28% 2236 134.76*  65.66™¢ 3¢ 0.255¢ 0.172¢
A1xN3 0.841°  2.70% 23338 14526 69.04%® 3.032 0.266° 0.1890f¢
A1xNy 0.85% 2.78 24.23*  151.13* 70.34 3.04* 0.244¢ 0.162¢
AxNi 0.545° 1.67¢ 15.6° 91.73¢ 43.41° 2.04¢ 0.38° 0.27¢
ArxN2 0.662% 1.79% 15.83f 116.1¢ 48.32¢ 2.14 0.369% 0.256°
ArxN3 0.583f 1.72% 16.13f 94.3¢ 44.63¢ 2.85% 0.358% 0.233¢%¢
ArxNy 0.667% 1.86%  20.63>  131.63¢ 60.894 2.19« 0.346%® 0.213¢f
AsxNi 0.604°" 1.75% 16.6° 96.66° 61.18% 2.35¢ 0.373® 0.2642®
A3xNa 0.693¢ 2.14¢ 19.16°¢  138.33%°  63.22% 2.8 0.349% 0.242b<
AsxN3 0.779>  2.46% 20.13¢  143.03*¢  65.09*¢  2.96° 0.342° 0.2254¢
A3xNy 0.807  2.55 22738 148.46®  66.98*¢ 3.01* 0.362: 0.239%
LSD 0.071 0.20 1.8 14.4 5.8 0.24 0.034 0.027

W oS o35 0 8Sh 5U 558 als 5 5 Ns s N3 N2 N1 ssales WT Jle 0o Solel daﬁ 3 Jos ol s 54 A3 5 A2 Al
A oa LLSD Gl il (sl pmn T Bl O g 5 3 e g L (sla Sl s S a5 5 OpShe 5L pls5 50018
Al, A2 and A3 are full irrigation, irrigation withholding at heading and booting stages, respectively.

N1, N2, N3 and N4 are control, application of nano-silicon, vermicompost, both application vermicompost and nano-
silicon, respectively. Means with similar letters in each column are not significantly different based on LSD test.
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