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Table 1. Some physico-chemical properties of soils before applying the treatments.
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Table 2. Some chemical properties of biochar.
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Table 3. Results of analysis of variance for soil texture, irrigation regime, different sources of silicon and their
interaction on photosynthetic parameters and dry weight of Tarom Hashemi rice variety.
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Average of squares
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Dry weight ~ Photosynthetic content Stomatal Transpiration water
of straw rate conductance rate (%)
(gr/pot) (umol m? s™) (mmol m? s™) (mmol m? s™)
73,79 894 10,97 2505.80° 5 97% 18,14 1 S
Soil
a =
2.08 0.43 1.35 0.23 0.29 0.45 2
Error a
136.03" 66.97% 80.79" 18910.68™ 32.15% 243.78™ 8 s
Fertilizer
87097" 194.40°* 23959 59323.45% 53.62° 32739 | sl e
Irrigation regime
222.95" 0.48° 9.89% 3213.76% 5 43% 25.40% ¢ 355 xSl
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b e
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Error b
(A 3) Sl s o o
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Coefficient of
variation (%)
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**k % and ™ are significant at the 1% and 5% level and non-significant respectively
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Table 4. Comparison of means for interaction effect of soil texture, irrigation regime and different sources of
silicon on photosynthetic parameters of rice (Tarom Hashemi variety).
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(U e g:foip;.;: (b 2w 2 s o) (b 2 w2 (4s ) i
Photosynthetic rate content Stomatal conductance Transpirationrate  Leafrelative water ~ 11eatments
(umol m? s'l) (mmol m? s'l) (mmol m? s'l) (%)
12.31° 45.10° 192.91" 6.28¢ 46.21 S,W1Co
11.22° 42.93" 186.86" 5.00° 43.65" S, W,Co
19.57° 53.90° 350.15° 11.48™ 59.97° S2W;Cs;
18.83 51.20% 315.84 10.27% 55.87% S2W,Cs;
16.35M 49.20" 272.00' 9,23 54.04" S, W,Cs;
14.64™ 46.60% 242.59® 8.45™™ 51.92% S;W,Cs;
24.33° 55.00° 384.79° 12.03* 63.80° S, W, Ps;
15.99% 48.60™ 261.05° 8.96™ 5339 S, W,Ps
18.78 50.70°" 312.64% 9.99%¢ 5537 S, W, Ps;
15.114m 47.80™ 252.37° 8.72i™ 52.45™P S, W,Ps,
21.47° 54.80° 378.03° 11/88™ 60.40° S, W, Ss,
15.174m 47.87™ 252.94° 8.75™ 52.65™ S, WaSs,
18.54° 50.40° 305.23" 9.94°% 5535 S2W;Ss,
15.194 47.90™ 253.73P 8.87™ 52.88" S, W5Ss;
18.79¢ 51.10% 312.718 10.77 % 55.81° S, W, Bi,
16.00% 48.60™ 262.31™ 9.06'" 53.55™ S, W,Bi,
16.62¢" 49,50 272.78' 9.49¢h 54.07" S, W, Bij
14.82% 47.30°° 243.39" 8.61%" 51.997 S, W,Bij

oo 5 Jen VY0 a3 oS DA s (S (5 sl Sl s Wa ils S8 2 (oLl 3 Wi th s SIS
2 e 0 S e VT e 3 el S Pt oS p S LS e £ S e Ve s 3 0 S DS 82 oS SHLS
2 ke p S e WY e 3 o DI S8 S e SS e S e T e s ol DKL Py (S S LS
PSS s 0 S e WY e 3 Dbl Bl (Sb S S b 0 S e T e s e SASGhw S8 (S e S

(prcheer 355 Jlosl 034) AaL5 €0 (St SISy ok 0,5 e T o 53 5l il Biy (S
Si: Silty Clay soil; Sy: Silty clay soil; Wi: Continuous flooding; W,: Periodic wetting-drying; Cs;: (calcium silicate -
60 mg Si kg); Csy: (calcium silicate - 120 mg Si kg™); Ps: (potassium Silicate - 60 mg Si kg™); Ps: (potassium Silicate -
120 mg Si kg"); Ssi: (sodium silicate - 120 mg Si kg); Ss, (sodium silicate - 120 mg Si kg™); Bi; (rice husk biochar - 60 mg
Si kg']); Bi, (rice husk biochar - 120 mg Si kg']); Co: Control (No application of silicon fertilizer)
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Table 5. Comparison of means for interaction effect of soil texture, irrigation regime, different levels of silicon
sources on photosynthetic parameters of rice (Tarom Hashemi variety).
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Photosynthetic rate content Stomatal conductance Transpiration rate Leafrelative water Treatments
(umol m? s'l) (mmol m? s'l) (mmol m? s'l) (%)
10.10" 41.78" 178.53" 4.89" 40.69" SiW,Co
8.46" 39.40" 150.53" 3.00° 3545 S1W,Co
19.23 51.60% 325.52° 10.48° 56.41¢ SiW,Cs,
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19.55° 51.80° 340.32¢ 11.20° 58.95° S1WBi,
17.76 50.10% 301.51° 9.92°% 54.94" S W;Bi,
16.83¢" 49.70% 278.08" 9.69™" 54.24% S| W,Bi,
14.96" 47.60™ 248.06° 8.625™ 52377 SiW,Bi,
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Figure 1. Interaction effect of soil texture, irrigation regime and different sources of silicon on dry weight of

straw (Abbreviations were described in Table 3).
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Abstract

Background and Objectives: Photosynthetic parameters are the most sensitive process in the
physiological metabolism of plants that are affected by irrigation regime and silicon
fertilization. Thus, silicon is one of the effective elements in increasing the net rate of leaf
photosynthesis, water use efficiency, stomatal conductance and intercellular carbon dioxide.
Therefore, the aim of this study was to determine the effects of different levels of silicon
sources and irrigation regimes on rice.

Materials and Methods: A pot experiment was conducted to investigate the effect of different
levels of silicon sources and irrigation regimes on rice photosynthetic parameters at Sari
Agricultural Sciences and Natural Resources University in 2018. The experiment was laid out in
a split-factorial design with three replications. In this design, soil texture was considered as the
main-plot factor, and irrigation regime and different levels of silicon sources as factorial-subplot
factors. Factors included two Si doses of 60 and 120 mg Si Kg' as potassium silicate (Ps),
sodium silicate (Ss), calcium silicate (Cs) and biochar (Bi) sources under two irrigation regimes
(continuous flooding (W) and periodic wetting-drying (W,)) in two soil series with different
textures (Sandy-loam (S;) and Silty-clay (S,)). After plant growth, dry matter weight of straw
and photosynthetic parameters such as relative leaf moisture content, transpiration intensity,
stomata conductance, chlorophyll index and photosynthesis were measured in flag leaf at the
flowering stage of rice.

Results: The results showed that the highest leaf relative moisture content (63.80%),
transpiration intensity (12.03 mmolm™s™), stomata conductance (384.79 mmolm?s™),
chlorophyll content (55.00), photosynthesis rate (24.33 pmolm™s™) and dry matter weight of
straw (33.3 gr/pot) were observed in plants treated with potassium silicate at a concentration of
120 mg Si Kg ' of silty-clay soil under continuous flooding irrigation regime. The lowest dry
matter weight of straw and photosynthetic parameters were observed in sandy-loam soil under
periodic wetting-drying irrigation regime without using silicon fertilizer. Also, in sandy-loam
soil, the leaf relative moisture content (58.95%), transpiration intensity (11.20 mmolm™s™),
stomata conductance (340.32 mmolm™s™), chlorophyll content (51.80), photosynthesis rate
(19.55 pmolm™s™) and dry matter weight of straw (18.6 gr/pot) was the highest in biochar
treatment at a concentration of 120 mg Si Kg™' under continuous flooding conditions. Also, a
decrease in dry matter weight of straw and photosynthetic parameters was observed at the
higher Si rates (120 mg Si Kg ' compared to 60 mg Si Kg') in treatments of potassium silicate
and sodium silicate in sandy-loam soil under periodic wetting-drying irrigation regime. This
may be due to the inhibitory effect of high concentrations of silicon on photosynthetic function.
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Conclusion: Although most of the photosynthetic parameters of plants and dry matter weight of
starw in periodic wetting and drying irrigation regime were somewhat reduced compared to
continuous flooding irrigation regime, application of different sources of silicon to both soil
textures under both irrigation regimes improved relative leaf moisture content, transpiration
rate, stomata conductance, chlorophyll content, photosynthesis rate and dry matter weight of
straw were compared to treatments without silicon fertilizer application. This reflects the
protective effect of silicon against low irrigation conditions. Therefore, in the scope of this
experiment, it seems that the use of silicon to improve the photosynthetic parameters of rice
plant and dry matter weight of straw under low-irrigation regime was satisfactory. But, the
amount of use of this element is very important to maintain the balance of soil and plant
properties.
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