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Article Info ABSTRACT
Article type: Background and objectives: Nitrogen (N) and radiation are
Research Full Paper important and effective factors on nitrogen uptake and rice yield.

Dimming is a new phenomenon in climate change process, and few
studies have been conducted on its effects on rice. Therefore, this
study aimed to evaluate the effects of reduced radiation at different
growth stages on paddy yield (PY) and nitrogen use efficiency (NUE)
under varying N application rates.

Materials and methods: The experiment was conducted in a split-
split plot arrangement based on a randomized complete block design
with three replications in 2018. The study focused on the Shiroudi
variety, a high-yielding cultivar commonly grown in Mazandaran
Province, Iran. The treatments included four different levels of N (0,
46, 92, 138 Kg ha') and three radiation levels (natural light, 30%
. . shading, and 60% shading) applied during three stages of vegetative,
Article history: . . . :
Received: 2025-02-05 reproductive, and grain filling stages using standard shade nets. At
Accepted: 2025-05-17 harvest stage, PY, N absorption in straw and grain, and NUE indices
were measured using specific equations.

Results: The results indicated that with the reduction of N
consumption efficiency, particularly recovery efficiency (REN) and
N internal efficiency (IEN) decreased by up to 80% at the highest N
application rate 138 kg of N fertilizer. In contrast, the amount of N
harvest index (NHI), partial factor productivity (PFPN), agronomic
efficiency (AEN) and physiological efficiency of N (PEN) increased
up to 46 Kg ha! under the conditions of reduced radiation condition
but declined sharply thereafter. According to the findings, the highest
PY was achieved with 9167 Kg ha™! in the treatment of 92 kg of N
Keywords: and natural light, whereas the lowest PY was observed with 4593 Kg
Protein ha' in the treatment with no N and 60% shading during the
Partial factor productivity  reproductive and grain filling stage. protein content ranged from
gﬁ:ﬁﬁ; efficiency 11.7% in the treatment with 138 Kg of N fertilizer and 60% shading
during the grain filling stage to 5.57% in the control treatment (no N

"y



under natural light).

Conclusion: According to the results of this research, the increased N
application under reduced radiation conditions leads to a decline in N
efficiency indicators and PY. In the conditions of reduced radiation,
increasing the application of N from 46 to 92 Kg ha’! resulted a
reduction in agronomic efficiency and physiological efficiency by
about 40%. Although based on the findings, optimal N application
rate for Shiroudi variety under conditions of the research area was
determined to be 92 Kg ha’l, but under shading conditions, the
treatment of 46 Kg ha' of N performed better than the 92 Kg ha’!
treatment. Therefore, optimizing N application based on solar
radiation levels can reduced environmental pollution, lower
production costs and enhance of PY.

Cite this article: Fathi, N., Pirdashti, H., Nasiri, M., bakhshandeh, E. 2025. Response of
yield and nitrogen efficiency indicies of rice (Oryza sativa L.) Shiroudi variety to
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Table 1. Some physical and chemical characteristics of the soil in the experimental field

5 < o
~ N o
E ah ~ @ ~ m
. B g & = ; = )
4 9 Z ! R T 32
o < L ‘g:\ N2 1; g/ vy 2 K z 9 = 2
25 a2 X N g A& S N F v E 4 = 4 8 JE
= =1 ) < 9. ~ - @ . aN O 1) & N [5) H S _ 2
3 = 7{) ] + 1) — 2 L - o~ Den - — on 13}
5 n = @] - & = o \ < 53 48 % <
= %) - e B ye w5 ThH oo 3w e » §
)' =} ) 3 — =] o N 2 =
12 < < < = A 8
O e < an < o=
< = =] = £ =
2 = o =] 5]
o o 2
< Z )
é” 7 30 30 40 118 8.6 0.2 3.4 36.4 7.0 0.86
ay

Sl dlale S w0 (e le) SL 5 Gy
1 LSJJT@? L;.AL\.J:\).A eKJ.w_i‘ U'ij'.;“gib)"
Y Jsa)

sbales Leld woy oy b wlidlss glaesls

e b, (GLS lear3) aeS 5 iy

2 E R dj}l.{a) C«-xm-r Ol (Al ys)

el 0595 53 (Sl pgerme 5 (Ged) 55 phindd (g L gb s chimdey WieS (glos Wlale Sils =Y Ui
Table 2. Weather parameters including minimum and maximum air temperatures, relative humidity, solar
radiation and rainfall during the growth stage
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Table 3. Equations of nitrogen efficiency indicies
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Table 4. Variance analysis of radiation and nitrogen effect in different developmental stages on paddy
yield and nitrogen efficiency indicies consumption in rice (cv. ‘Shiroudi’).
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™) 355 e
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fertilizer (N)
(Ea) oLzl 6 14.03 0.74 6.02 386.1 0.01
olklgle d>
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1 Nitrogen harvest index
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Table 5. Mean comparison of nitrogen harvest index (%) under the interaction of shading stage, shading
percent and amount of nitrogen

LS 53 ¢ S 5kS) 035 20 5lie

3l do o sl bl .
Shading stage  Shading (%) - fgtmgen amount (Kgg;a) —
control Bl 6920£032@  731%+£090@  693b£21@ 6670+ 149 @
s 30 643°2101®  690°£1.16®  67.6°£065@  648°£2.13@
vegetative 60 50.1°£086© 655941820 592410520  6274£073®
o 30 5769£138®  633°£1.67® 596921280  641°2076@
reproductive 60 55420420 617720780  547°£086©  533ex101®
R 30 57192053®  61472088® 59292067  656°2132@
maturity 60 583°£0350 60891390  533¢£151© 56370650
I s Slicing effect 8.14™ 252 6.18™ 1.86 ™
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*Means (+ standard error) with letter or letters in common in each fertilization treatment are not

significantly different from each other at the five percent probability level based on LSD test. The letters
in the parentheses indicate the mean comparison with nitrogen fertilizer slicing.
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1 Nitrogen partial factor productivity
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Table 6. Mean comparison of nitrogen partial factor productivity (kg/kg) under the interaction of shading
stage, shading percent and amount of nitrogen

Gl 53 0 S 5hS) 055 25 s

Sollgle d> sl ]
Shading stage Shading (%) = Nitrogen a“;gunt (Kg/ha) =
aals control 183.052+0.14 @ 103.012+£1.03 @ 57.852+0.09 @
ey 30 165.059+0.55® 81.609+0.06 ® 49.199£0.02®
vegetative 60 152.88+0.06 © 74.251+0.03 © 44.468+0.11©
o 30 154.38¢+£0.24 ® 7535¢+0.07 ® 48.04¢+0.03®
reproductive 60 129.76 "+ 0.22 © 63.20"+£0.13© 41.63"+£0.04 ©
Slsoad 30 140.788+021 ® 69.68¢+0.05® 4592F+£0.01®
maturity 60 118.59i+0.21© 58.711£0.01 © 37.631+027©
Slicing effect <l 31 225 5 1529.77 ** 859.45 ** 150.69 **

Mﬁ@dl&;—\c}zﬂ): LSD 4031 _olusl 2558 Dl a5 S aie Gy b sl Glas gllast £) (la Slost

sl 35555 365 3 b 50k aeslie Sl 5305 Jotls Gy I K0S b (g ls me ilast
*Means (+ standard error) with letter or letters in common in each fertilization treatment are not significantly

different from each other at the five percent probability level based on LSD test. The letters in the parentheses
indicate the mean comparison with nitrogen fertilizer slicing.
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1 Nitrogen internal efficiency
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Table 7. Mean comparison of nitrogen internal efficiency (kg/kg) under the interaction of shading stage,
shading percent and amount of nitrogen

Gl ey ST LSe35 p 5 k) 05575 ke

Shading stage Sh(e(l)il)ng - ‘I:Igtrogen amount (Kg/9112a) —
control Sals 70.062+4.51®@  60.172+£0.73 @ 48.842+0.62 @ 39.222+£091 @
X3 30 58.79¢+£1.08®  53.25¢+1.35@ 40.23¢+0.77 ® 33.554+1.85@
vegetative 60 57.66°£2.99®  49384+1.82® 38.654+£0.66®  33494+042®
sl 30 64.02°+£2.63®  5845d4+1.24® 46.68v+1.43 @ 31.77°+£0.34 ®
reproductive 60 60.15f+£2.30©  40.62°+0.69 © 3536°+1.28®  31.65¢+£0.59®
Slapas 30 60.379+£439®  51.72¢+1.91® 392944+ 138®  3485¢+0.62®
maturity 60 44412+£0.85©  44931+£048© 36.24¢£255® 3435078 @

S At S;;t?;gtg 276.81 245.40 " 78.03 ** 27.44 ™
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*Means (£ standard error) with letter or letters in common in each fertilization treatment are not
significantly different from each other at the five percent probability level based on LSD test. The letters
in the parentheses indicate the mean comparison with nitrogen fertilizer slicing.
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Table 8. Mean comparison of nitrogen agronomic efficiency (kg/kg) under the interaction of
shading stage, shading percent and amount of nitrogen

(ke s (;JL.S) 05955 slaaa

sillale 4.\>J.a sl )
Shading stage Shading (%) % Nitrogen aHgl(;unt (Kg/ha) s
Lt control 217282017 @ 22345+ 0.94 @ 4079£001 @
e 30 19.16°% 040 ® 865°0.01® 05694003 ®
vegetative 60 18.54¢+0.15® 8.58+0.07 ® 0.6890.08®
o 30 11465019 ® 3.89°%0.06® 04095005 ®
reproductive 60 8.041+0.18 © 2347£0.11© 1.05¢+0.02®
R 30 140492005 ® 6319006 26772006
maturity 60 5.62841.68© 17324093 © 0.97 4036 ©
S 2ot 122.66 ** 236.78 ** 8.85 "
Slicing effect
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el 055 %0 558 Ja;uiﬂl{‘;,:f.}l,,» aslis Sl 5l JFls Gy~ NN ERtOT Sol3 sme i
*Means (+ standard error) with letter or letters in common in each fertilization treatment are not

significantly different from each other at the five percent probability level based on LSD test. The letters
in the parentheses indicate the mean comparison with nitrogen fertilizer slicing.
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1 Nitrogen residu efficiency
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Table 9. Mean comparison of nitrogen residu efficiency (%) under the interaction of shading
stage, shading percent and amount of nitrogen

Gk s f)f.’l:s) 05955 slaaa

Golklale d>
. Nitrogen amount (Kg/ha)
Shading stage 16 %) 33
i 92.09°+0.06 ® 89.62¢+0.03 @ 61.52¢0+0.02 @
Vegetative
i
el 91272+ 0.05® 89.444+ (.02 @ 61.66¢+0.02 @
Reproductive
ds s
Lo 92.29240.07 @ 88.81440.07 @ 60.557+0.04 @
Maturity
<l %
i 011" 0.02 18 0.03 s
Slicing effects
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* Means (+ standard error) with letter or letters in common in each fertilization treatment are not
significantly different from each other at the five percent probability level based on LSD test. The letters
in the parentheses indicate the mean comparison with nitrogen fertilizer slicing.
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Table 10. Mean comparison of nitrogen recovery efficiency (%) under the interaction of shading stage,
shading percent and amount of nitrogen

(e s r;f,r\';) 85955 Hlaas

&5\ lag
. Nitrogen amount (Kg/ha)
0
Shading (%) 46 92 138
0 92.282+0.04 @ 90.02°+£0.02 @ 64.454+0.02 @
30 91.292+0.08 @ 84.76°+0.02 ® 63.234+£0.03 @
60 89.09°+0.05 ® 83.74°4£0.04 ® 56.52¢+0.03 ®
e L
S 0.12* 021" 0.05*
Slicing effects
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sl 355,55 365 s b S0l aeslie Sl 5305 s Gy I KuS b (g ls me et
*Means (+ standard error) with letter or letters in common in each fertilization treatment are not
significantly different from each other at the five percent probability level based on LSD test. The letters
in the parentheses indicate the mean comparison with nitrogen fertilizer slicing.
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Table 11. Mean comparison of nitrogen physiological efficiency (kg/kg) under the interaction

of shading stage, shading percent and amount of nitrogen

QLS 3 p S 5S) 035 7l

Sl d e 65l .
Shading stage Shading (%) 16 Nitrogen an;(;unt (Kg/ha) 33
Lals control 22.012+£0.17 @ 22.382+£0.82 @ 6.28°+£029®
s 30 18.94¢+0.40 ® 10469+ 0.19 ® 0.944¢+ (.02 ®
vegetative 60 17.51¢+0.15® 9.92¢+0.31® 1.179+£0.11 ®
A 30 8.25¢+0.10® 5.57f+0.35® 0.55¢+£0.05®
reproductive 60 6.25"+0.49 ® 3.092+£0.29 ® 1.83°£0.06 ®
S0 30 11.61°£0.43 ® 11.37¢+£0.15® 7.172+£0.16 @
maturity 60 3.07'£1.03© 2.02M+1.36© 1.394+1.10®
S o 133.85™ 196.61 ™ 2528
Slicing effect
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*Means (+ standard error) with letter or letters in common in each fertilization treatment are not
significantly different from each other at the five percent probability level based on LSD test. The letters
in the parentheses indicate the mean comparison with nitrogen fertilizer slicing.
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Table 12. Mean comparison of paddy yield (kg/ha) under the interaction of shading stage, shading percent

and amount of nitrogen

QLSe35 5S) 035 7 s
Nitrogen amount (Kg/ha)

16
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138

8202.92+17.70®

9167.82+93.79®

7817.23+£12.82@

7565.4°+£17.01®
7004.1°¢+14.26 ©

7489.0° £ 10.15®
6820.89+5.20©
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7079.8°+11.19®
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5343.32£26.78 ©

6316.19+12.27®
5068.6££58.40 ©

Sl A ST
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Shading stage %) 0
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vy 30 66904°% 11360
vegetative 60 6024.0¢£9.56 ©
s 30 65574°% 10220
reproductive 60 5587.57+7.50 ©@
FHIRCIN 30 6223349+ 11.08 ®
maturity 60 593.18+£99.51 ©
. Slicing o
ol Sl %
SANv IR effect 4814224
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12955327 5984882 **
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*Means (+ standard error) with letter or letters in common in each fertilization treatment are not

significantly different from each other at the five percent probability level based on LSD test. The letters
in the parentheses indicate the mean comparison with nitrogen fertilizer slicing.
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Table 13. Mean comparison of protein (%) under the interaction of shading stage, shading percent and

amount of nitrogen
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Shading stage Sh(%;(lll)ng > 411\161tr0gen amount (Kggh;) —
control dals 5.57¢+£0.03® 6.01°+£0.04 ® 6.28¢+0.03® 7.58f+£0.05 ®
Ny 30 6.5695003®  6869£003®  7219:003®  882°%£0.03®
vegetative 60 6.66°+£0.02®  6919+£0.03®  73194004® 8984 +0,03©
) 30 8.11°+£0.04 @ 8.33°¢+0.02@ 8.63°+0.02 @ 9.134+0.03 @
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G0 30 9.482+£0.03 @ 9.60°+£0.19® 10.55°+£0.04 ® 11.25°+0.04 ®
maturity 60 9.60°+£0.04®  10.15°+0.04@  10.97°+0.06®  11.68%%0.08®

S A Si;t‘féztg 276.81 245.40 " 78.03 ** 27.44™
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*Means (+ standard error) with letter or letters in common in each fertilization treatment are not
significantly different from each other at the five percent probability level based on LSD test. The letters
in the parentheses indicate the mean comparison with nitrogen fertilizer slicing.
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Table 14. Correlation between studied traits (n=36)
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yield Protein PEN REN AEN IEN PFPN HIN
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yield
o -0.72%% 1
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O5a %8 SeSdnsd @S 0.74%% ~0.40%
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W sl oL
AT TR 0.34% 0.11 0.69%* 1
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257 s LS 0.71%%  -043*%  008%%  (.68%* 1
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059 3 515y
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N’HI" 0.85%*  _0.69%*  0.66%* 0.24 0.65%%  0.35%  4.91%* 1

* | **: is significant at one and five percent level
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