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Introduction

Water deficit is one of the most common limiting factors the yield of crop plants in arid and
semi arid regions. Water limitation causes significant changes in some physiological traits
of crop plants. It decreases chlorophyll content, current photosynthesis and contribution of
current photosynthesis in grain yield, but at the majority of cases, water deficit increases
compatible osmolytes and the contribution of dry matter remobilization in grain yield.
Several strategies have been proposed to increase the resistance of crops against water
limitation. Among them, application of vermicompost and silicon improve the performance
of crop plants under water deficit conditions. Therefore, the aim of this research was to
study the influence of silicon and vermicompost on contents of photosynthetic pigments,
compatible osmolytes and dry matter remobilization in grain yield of rye (Secale cereal L.)
under water deficit conditions

Materials and methods

A factorial experiment was conducted in 2023 using a RCBD with three replications under
the greenhouse conditions. The treatments were irrigation levels (full irrigation during
growth period as control, irrigation withholding at 50% of booting stage (BBCH 43) until
the end of growing season as severe water deficit and irrigation withholding at 50% of
heading stage (BBCH 55) until the end of growing season as moderate water deficit) and
application of nano silicon and vermicompost at four levels (no application as control,
application of nano silicon, vermicompost, vermicompost with nanosilicon). The rye
cultivar ‘ardabil local’ was used in pots with 13 kg of soil and a diameter of 40 cm.
Application of Si was done in growth stages of BBCH 21 and 30. In all treatments, two
weeks after irrigation withholding at heading stage or 135 days after planting, physiological
and biochemical traits such as content of chlorophyll a, b, total chlorophyll, content of
soluble sugars and proline, dry matter remobilization from shoots, contribution of
remobilization in grain yield, contribution of stem reserves in grain yield, current
photosynthesis, contribution of current photosynthesis to grain vyield, soluble sugar,
anthocyanin and proline content were determined. Dry matter remobilization from shoots
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and stem and contribution of current photosynthesis to grain yield were mesured by method
of Inoue et al (2004).

Results and discussion

The results showed that under severe water deficit, there were an increase about 23 and
20.5% in content of proline and anthocyanin respectively in comparison to no application
of nano silicon and vermicompost under the same level of irrigation levels. Also, there was
an increase of 109.9% in current photosynthesis under full irrigation and both application of
vermicompost and nanosilicon in compared to no application of vermicompost and
nanosilicon under severe water limitation. There was an increase of 63.7, 56.9 and 61.8 in
chlorophyll a, b content, total chlorophyll, under full irrigation and both application of
vermicompost and nanosilicon in compared to no application of vermicompost and
nanosilicon under severe water limitation. Content of soluble sugars increased about 21.3
under irrigation withholding at booting stage in compared to full irrigation. Similar results
were obtained in this trait in application of nanosilicon and vermicompost in comparison to
no application of them. Maximum of dry matter remobilization from shoots (0.935 g per
plant), contribution of remobilization in grain yield (45.6%) and contribution of stem
reserves in grain yield (37.43%) were obtained in no application of vermicompost and
nanosilicon under irrigation withholding at booting stage, which there was an increase 7.5,
15.4 and 19.8% respectively in comparison with both applications of vermicompost and
nanosilicon under the same level of irrigation.

Conclusion

Generally, it can be suggested that irrigation withholding at booting decreased about
29.9% from grain yield in comparison with full irrigation but both application of
vermicompost and nanosilicon compensated about 6.6% of yield reduction under irrigation
withholding at booting stage. Therefore, with considering of the results of this study, it can
be stated that both application of vermicompost and nanosilicon due to the improvement of
current photosynthesis and the enhancement in compatible osmolytes, prevents from the
reduction of grain yield of rye under water limitation conditions.
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S.0.v 303l Proline Jolre slasid Olig Chlorophylla  Chlorophyl Total
Df Soluble sugars Anthocyanine Ib chlorophyll
Replication ) s 2 577 351.9™ 0.007*" 0.99™ 0.069™ 0.57
A) ol
(A) el ol 2 7.63” 876.7" 0.026™ 0.80™ 0.098" 1.44
Irrigation levels
oW LSLMJ‘:SJ.’.A’: 3 0.08"s
(N) 4.89™ 184.9™ 0.007™ 0.028™ 0.15™
Stress modulator
AxN 6 1.01™ 38.87™ 0.0029™ 0.88" 0.007™ 0.10™
Erroriks 22 0.282 30.7 0.00058 0.03 0.0014 0.03
CV(/) &y o 7.2 6.2 5.9 8 55 6.1

o pd S5 g gy Jlein] pdaw 50 55 bze g )b Gxe pE S i g % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively
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Table 5. Means comparison of the effects of nano silicon and vermicompost on the content of
photosynthetic pigments and some biochemical traits of rye under drought stress
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A1xN1 5.34 0.317f 2.250%¢ 0.707¢¢ 2.96%¢
A1xN; 5.64f 0.322f 2.29%¢ 0.7622°¢ 3.06%
A1xN3 7.4c2 0.403%¢ 2.36% 0.7942 3.152
A1xNa 7.120 0.4¢ 2.422 0.813? 3.232
AxxN; 7.230¢ 0.39d 1.47¢ 0.518¢ 1.99°
A2xN; 7.51c¢ 0.375¢ 2.11be 0.601f 2.71¢0¢
A2xN3 7.26¢¢ 0.408¢¢ 2.03¢ 0.553f 2.58¢%
A2xNas 8.92 0.472 1.77¢ 0.683¢% 2.46¢
AsxN1 6.72¢ 0.464% 2.27%¢ 0.671¢ 2.942¢
AsxN2 8.08a°¢ 0.425bd 2.20%¢ 0.583f 2,790
AsxNs 7.78bd 0.4542 2.25%¢ 0.741b¢ 2.99%¢
AsxNg 8.55% 0.436%¢ 2.27%¢ 0.777® 3.04%
LSD 0.05 0.89 0.04 0.29 0.064 0.29

9 CawgneS 0y9 Byuae pae (gosimd Ui iy Ny g Ng No Np g mdalins g (sl Jolpe j3 (oyll glad g JolS o lol (osimd o)lis s gas Ag 9 Ap Ay
bl MBI sty )3 e By o b sloSils bl o CusgraS (soyg 5 (9Selragil Pl Brme CusgraS o)y Bpo (1sSloussil Bpas s0l3) (3Silins

05 on b ko3 0 sl pdaw ;3 LSD (9051 olol 2 (65 ime
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 at the 5% probability level
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Table 6. Means comparison of the main effects of nanosilicon and vermicompost application on soluble sugars
content and dry matter remobilization from stem of rye under water limitation conditions
Treatments _islojl (slaloas il 5| Sis o3le Jlinl Joloro slais glgize
ol gl SDMT Soluble sugars

Irrigation levels (g.per plant) (mg.g.FW)
AL 0.612b 80.58¢c
Az 0.724a 97.53a
As 0.692a 87.12b
LSD 0.038 5.72
55 slaS s Bl §) S osle Jli Jolomo (sloi5 lsiome

SDMT (g. per plant)

Soluble sugars(mg.g. FW)

N1 - 84.51b
N2 - 87.36ab
N3 - 86.81ab
Na - 94.95a
LSD - 9.07
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A1, 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.

SDMT= Stem Dry Matter Translocation
Means with similar letters in each column are not significantly different based on LSD test at the 5% probability level
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Table 7. Analysis of variance the effects of nano silicon and vermicompost on current photosynthesis and dry
matter remobilization of rye under drought stress
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:3 &l 2 e SDMT 4l 5,Sles )
© DMT als 3 Slos CSAG
CDMAG
Replication S5 2 0.1413™ 84.67 0.1366™ 112.7" 0.675™ 0.395™ 0.425**
Irrigation (A) )bl pskaw 2 0.0261™ 444.92™ 0.040™ 380.62™ 1.321" 1.646™ 1.21%*
levels
(N) 25 eloonisS Jyass 3 0.0085" 135.44™ 0.0037" 92.49™ 0.566™ 0.605™ 0.767**
Stress modulators
AxN 6 0.0077™ 32.09™ 0.0018" 20.24" 0.116™ 0.121™ 0.043*
Error s 22 0.0022 7.024 0.0019 7.23 0.020 0.026 0.015
CV(/) &lyuis cuyd - 5.4 7.8 6.5 10.3 5.3 9 4.26

Lo yd Sy g gy Jleis] g 53 )3 ime 5 Y5 gixe puE iy s g % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively
DMT= Dry Matter Translocation; SDMT= Stem Dry Matter Translocation; CSAG= Contribution of Stem Assimilates to Grain;
GY= Grain Yield; CP= Current photosynthesis; 100 GW= 100 Grain Weight.

Table 8. Means comparison of effects of nanosilicon and vermicompost on current photosynthesis and dry
mater remobilization of rye under drought stress
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Lo ot Al Kis Al Kas el ) St GY (551 15 p5) 100 GW
Treatments DMT s 3,Skes o oloo s 3,Skec (9.per cP ©)
plant) Jper plant
(g.per SDMT s CSAG (9-per plant)
plant) (%) (%)
A1xN1 0.8582 32.68°¢ 22.29¢%¢ 2.65° 1.79¢ 2.75¢
A1xN2 0.8642 28.84¢ 21.33¢¢ 32 2.142 3.19bc
A1xN3 0.8732 28.81° 20.76% 3.032 2.16% 3.35°
A1xNg 0.705° 23.13¢ 19.31¢ 3.042 2.33% 3.63?
A2xN1 0.9352 45.62 37.432 2.044 1.11° 2.389
A2xN2 0.9292 44,112 34.21% 2.19 1.17¢% 2.479
A2xN3 0.9182 32.29¢ 25.51° 2.19¢d 1.93b¢ 2.49%
A2xNg 0.8692 39.51° 31.23° 2.85% 1.320 3.05¢
As3xN1 0.9032 38.47° 31.310 2.35¢ 1.444 2.7¢f
As3xN2 0.862 31.01° 24.47¢ 2.82 1.94bc 2.844e
AsxN3 0.8992 30.37¢ 22.92¢¢ 2.962 2.062 3.06°¢
AszxNg 0.9252 30.68°¢ 22.33%¢ 3.018 2.08% 3.25b¢
LSD 0.0811 4.488 4.55 0.244 0.274 0.212
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A1, 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.
DMT= Dry Matter Translocation; SDMT= Stem Dry Matter Translocation; CSAG= Contribution of Stem Assimilates to Grain;

GY= Grain Yield; CP= Current photosynthesis; 100 GW= 100 Grain Weight.
Means with similar letters in each column are not significantly different based on LSD test at the 5% probability level
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