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related traits of rice

Mean squares

Source of df No. of . Total dry Dry matter ~ Contribution of  Contribution of
variations flam grains perlooo. 9rain - matter  remobilization remobilization from stem reserves to
eight : weight o . Ny
panicle remobilization from stem shoots to grain grain yield
Replication 2 5093 1.49s 50.97 167.91° 8.53s 8.21s 1.70®
Nitrogen (N) 3 471.17 334.82° 356.59" 4869.61 553.32" 1247.36' 291.82
Biofertilizer (B) 3 101.89° 289.04° 21.90 869.35" 345.17 333.1% 88.45"
N x B 9 3509 4.73¢ 1.07s 170.17¢ 26.13¢ 55.19" 3.80
Error 30 51.12 54.00 3.15 123.22 24.29 4.90 1.48
CV (%) - 6.32 14.27 7.71 14.08 15.10 8.11 10.04
ns * and™: Not-significant and significant at 5% and 1% pabliity levels, respectively.
Table 2. Continued aolsl =Y Jgo=

Mean squares

Source of variations  df Grain Grain filling  Effective grain  Maximum of . Nitrogen use
filling rate period filling period  grain weight Grain yield efficiency

Replication 2 1.93 174.38 136.38 0.001 307.67¢ 0.66"
Nitrogen (N) 3 1.05 5.58" 9.19" 0.002" 45243.03 0.12
Biofertilizer (B) 3 1.53 6.08" 12.64" 0.0005" 11455.62 0.05
N x B 9 66.6' 0.66" 2.84" 0.0004 2721.04 0.08s

Error 30 9.33 0.009 0.030 0.0001 659.51 0.01

CV (%) - 0.87 0.28 0.62 1.39 8.56 15.30

ns * and™: Not-significant and significant at 5% and 1% pablity levels, respectively.

B aboSles b by Slio Sy p ) @35S 5 59555 51 5x0ke dunlio =Y Jouo
Table 3. Means comparison of the effect of nitroged biofertilizers on some yield-related traitsrafe

Plant height No. of grain per 1000 grain  Total dry matter Dry matter Nltr(_)g_en use
Treatments (cm) panicle Weight (g) remobilization remobilization efficiency
from stem (kg.kg?)
Nitrogen levels
No 118.74c 45.57c 21.67d 101.85a 39.75a -
N1 122.69bc 48.93bc 26.42c 88.72b 36.91a 5.92a
N2 126.92b 53.90ab 31.53b 66.49c 28.23b 4.31b
N3 133.73a 57.52a 33.90a 57.30c 25.37b 4.02b
Biofertilizers™
Fo - 45.35¢c 26.93b 87.99a 39.12a 4.24b
F1 - 54.16ab 29.18a 76.37bc 30.27c 4.46b
F2 - 49.92bc 27.58b 82.00ab 34.43b 4.36b
Fs - 56.49a 29.83a 67.55¢ 26.68c 5.95a

Means followed by the similar letters in each catuane not significantly different.

*: No, N1, N2 and N are 0, 60, 90 and 120 kg:haet nitrogen, respectively.

™ Fo, 1, P2 and R arenon-application of biofertilizer and application Mfycorrhiza, Azotobacter + Azospirillum and
Mycorrhiza + Azotobacter + Azospirillum, respective
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Table 4. Mean comparison of the effect of nitroged biofertilizers on grain filling and dry matte@mobilization characteristics

Contribution of Contribution of Grain Effective Maximum

remobilization L o Grain filling L ; . Estimated
Treatment from shoots to stem reserves to Grain yield Filling r_ate eriod (day) grain filling grain weight equation
1 p Yy q
grain (%) grain yield (%) (g.day™) period (day) (9)
Nox Fo 43.73a 19.04a 233.93ef 0.001d 31.91j 26.60k 00266 Y=-0/0010+0/001X
Nox F1 33.81c 17.40a 247.00ef 0.001d 32.22hi 28.50¢g GK28  Y=-0/0015+0/001X
Nox F2 40.69ab 18.75a 243.01ef 0.001d 32.18i 27.40i @aer7 Y=-0/0013+0/001X
Nox F3 26.63ed 15.09c 251.11ef 0.001d 32.58hi 28.90f t42] 1% Y= -0/0005+0/001X
N1x Fo 40.89ba 18.60a 244.63ef 0.001d 32.19hi 26.90f anie2 Y= -0/0031+0/001X
Nix Fy 26.52c 13.97c 252.69ef 0.0011c 32.93f 28.369 @B31 Y=-0/0003+0/0011X
Nix F2 38.46b 15.44bc 250.79ef 0.0011c 32.34h 28.00h 9Bip2  Y=-0/0005+0/0011X
Nix F3 20.13ed 11.76d 255.82ef 0.0011c 33.78d 29.00f 1963 Y=-0/0032+0/0011X
N2 x Fo 29.57d 14.04c 281.67ed 0.0011c 32.28hi 27.40i 103 Y= -0/0038+0/0011X
N2x Fy 19.05gh 6.95fg 380.87b 0.0011c 32.22e 30.72c 8933 Y=-0/0047+0/0011X
N2 x F2 24.53ef 9.85ed 307.50cd 0.0011c 32.82f 30.09d e Y=-0/0048+0/0011X
N2x F3 12.24i 5.10gh 395.74ab 0.0011c 34.36b 31.81b @.035 Y=-0/0051+0/0011X
N3 x Fo 21.97fg 10.23d 302.59cd 0.0011c 32.16i 29.54e 508 Y=-0/0007+0/0011X
N3 x Fy 12.91i 5.50gh 400.47ab 0.0013a 34.48b 31.61b 0M39 Y=-0/0062+0/0013X
N3 x F2 17.86h 8.06ef 326.39c 0.0012b 34.12c¢ 30.69c¢ 00390 Y=-0/0047+0/0012X
N3 x F3 11.23i 4.51h 424.40a 0.0013a 34.65a 32.50a 0.0411aY=-0/0064+0/0013X

Means followed by the similar letters in each catuane not significantly different.

" No, N1, N2 and N are 0, 60, 90 and 120 kg-haet nitrogen, respectively.

™: Fo, F1, Rz and Rarenon-application of biofertilizer and application Mf/corrhiza, Azotobacter + Azospirillum and Mycoizh + Azotobacter + Azospirillum,
respectively.
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Figure 1. Rice grain filling process under condit®f: A) Non-application of biofertilizers, B)
Application of mycorrhiza, C) Application o&zotobacter and azospirillum) Application of
mycorrhiza with azotobacter and azospirillum
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Abstract

To study the grain yield, nitrogen use efficiengmobilization and grain filling components of grai
rice (Oryza sativa L.) in response to application of nitrogen andfdiitlizers, a factorial experiment
based on randomized complete block design wittetteplications was conducted under field condition
in Siahkal, Guilan province, Iran, in 2014. The exmental factors were nitrogen rates in four lsvel
(0, 60, 90 and 120 kg.RaN) from urea fertilizer and biofertilizers in folavels (without biofertilizer,
application of Mycorrhiza, application of Azotobact Azospirillum and application of Mycorrhiza +
Azotobacter + Azospirillum). The highest grain dielnd grain filling components (rate, grain filling
period and effective grain filling period) were aloted from the highest level of nitrogen and agpion
of Mycorrhiza + Azotobacter + Azospirillum. Dry ntet remobilization from whole plant and stem
decreased with increasing nitrogen levels. Applcabf Mycorrhiza + Azotobacter + Azospirillum
together with 120 kg.hanitrogen reduced the contribution of dry mater obitization for grain yield
and stem reserves. The highest nitrogen use effigisvas obtained from the 60 and 120 kg.ha
nitrogen, respevtively. The results of this reseatowed that the application of 120 kg:meet N and
the application of Mycorrhiza with Azotobacter +dspirillum can be used as a suitable tool to irmgea
rice grain yield.

Keywords: Grain filling rate, Mycorrhiza, Plant growth protimgy rhizobacteria, Remobilization
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