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Fig. 1- The local map of the study area, Guilan province, Iran.
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Table 1. Cold degree day of rice growth period in crop season of 2010-2011.

Tp oy al> o obej Lo (il 39 @)yl 4z 4z, Gyl Az Az 30 Egome
Rice growth stage Date Tae 825) 39y &yl 39) 39 @yl
CDD CDD XCDD
17>) (19>)
gy 0y May 1, 2011 124 0.6 - - 8.7
Vegetative Stage
May 2, 2011 12.0 0.1 - -
May 3, 2011 11.2 1.8 - -
May 4, 2011 11.2 1.8 - -
May 5, 2011 11.2 1.8 - -
May 10, 2011 12.6 0.4 - -
May 23, 2011 12.0 0.1 - -
May 24, 2011 12.0 0.1 - -
May 25, 2011 11.0 2.0 - -
il al> e July 7, 2011 15.0 - 0.2 - 31
Pregnancy stage
July 8, 2011 16.0 - 0.1 -
July 9, 2011 16.6 - 0.4 -
July 10, 2011 15.6 - 14 -
July 20, 2011 15.0 - 0.2 -
July 21, 2011 16.0 - 0.1 -
July 22,2011 15.0 - 0.1 -
July 23,2011 16.0 - 0.1 -
July 25, 2011 15.0 - 0.2 -
July 26, 2011 14.0 - 0.3 -
BS  a algs al> August 8, 2011 184 - - 0.6 11
Clustering to flowering stage
August 9, 2011 18.2 - - 0.8
August 10, 2011 18.0 - - 0.6
August 11, 2011 184 - - 0.6
August 25, 2011 17.6 - - 14
August 26, 2011 184 - - 0.6
August 27, 2011 18.0 - - 0.1
August 28, 2011 18.0 - - 0.1
August 29, 2011 18.2 - - 0.8
August 30, 2011 154 - - 3.6

August 31, 2011 17.2 - - 1.8
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Fig. 2- Spatial distribution (A(May 1, 2011), B (May 2, 2011), C (May 3, 2011), D (May 4, 2011), E (May 5,
2011)) of paddy fields under the severe impact of frost damage and Spatial distribution (F (May 23,2011),
G (May 24, 2011), H (May 25, 2011)) of paddy fields under the moderate impact of frost damage in
vegetative stage.



v &)l Lol (Sosleps ) Cudigy

Soiloyn ol S eizmen g VYA ENA
S AYRL01F JINYR/ 0 ) slag )l s bawgte
S 7y @y oS ab, sl 315 LSS al> e
45‘-‘“"‘0"*“[-"5"“’9-’&[3 \ J}».\?)édfd‘d;i}
aS iy olF a5l oleo,gs )0 (Fojle s slas Jlol)8
ady Jole plo 5l i wog Slw vl eSS Lo

-5 S5 el e 3 Sl ] sl ¥ S
ol 1 AR el e o @i olS (3l
GOAY-/ofN P Glagu, b 0 bylpdls aies e
ke 3 (Sojlew i Sl Couw \YAL/00/F
ax 0 YN @ﬁolﬂfm)}ldaf&[\)gufgjuﬂwi
Sgd o0 0anlive &S job Lo () Jgo) Aol Gy 39,
VWA ENE Glags,b )0 Lwgio (Sojle p el S

A — — 11 b
o ) Vi

N« (1FQe/+8/+) M ¥R/ FN)L « (\FR[+F/NA) Ke (1FR[FAV) Jc (A F18) ) slaaigy —F JSoio
— 28T S JSii) brwgin 55 3ko pa (S il s a5l (VWA/oB/+F) P e (1¥R+/o/+¥) O  (1¥a/+A/+Y)

Fig. 3- Spatial distribution (I (July 7, 2011), J(July 8, 2011), K (July 9, 2011), L (July 10, 2011), M (July 22,
2011), N (July 23, 2011), O (July 24, 2011), P (July 25, 2011)) of paddy fields under the moderate impact of
frost damage in pregnancy stage.
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Introduction: Loss of yield as a result of natural damages and its adverse effect on crop production is one of the
important issues in agriculture (Barlow et al., 2015). Environmental stresses, particularly cold and frost stresses,
affect the morphological and physiological characteristics of plants (Akhil et al., 2008). Identifying and
determining spatial distributing of rice fields under frost damage is important for evaluating the food security and
improving crop production management (Simaie et al., 2013). The objective of this study was to come up with
zoning the frost damage using satellite imagery and cold degree days (CDD) index to evaluate the severity of frost
damage in different growth stages of rice plant.

Material and methods In this research, climatic parameters including maximum, minimum and mean of
temperature were obtained from Kiyashahr synoptic station. A number of 180 images with the MOD11A1 code
related to the crop season, which covering the Guilan area, were taken from the National Aeronautics and Space
Administration (NASA) site. In order to create surface temperature maps in Rasht, land surface temperature
product of MODIS sensor was pre-processed. By using the satellite images and Cold Degree Days indices in three
growth stages of rice (seedling, panicle initiating to the end of booting, cluster to flowering), the influence of frost
damage on different growth stages of rice in part of rice fields in Guilan province was evaluated.

Results and discussion: The severity of frost damage in rice fields was estimated at times when the plant was
growing below the critical temperature. The obtained results indicated that the index of cold degree days (CDD)
was 8.7 at seedling stage, 3.1 at panicle initiating to the end of booting stage and 11 in flowering stage. Also,
investigating the trend of frost zones indicated that Kuchesfahan, Lashtnesha and Khoshbijar areas due to severe
frost damage during rice plant growth period imposed to the most damage to plant growth and yield. The zones
with the dark pixels (lower than the temperature threshold for growth) in the panicle initiating to the end of booting
growth stage were more exposed to frost damage than other growth stages. The obtained results further indicated
that integration of remote sensing data with ground information can be used under an improved pattern for
interpreting satellite data for areas where low ground data is accessible. This method has a reasonable capability
to determine the risk of rice cultivation at rice fields and at different times of year, and consequently can be used
to determine the potential of rice fields for second cultivation.

Conclusion: Knowledge of spatial and temporal distribution of rice farms temperature is essential for determining
energy balance, meteorological studies and identification of rice fields under temperature stresses. Based on the
obtained results, satellite images perform well in evaluating temperature stresses. Using satellite imagery, the
temperature stresses (frost and heat damage) in different rice growth stages as well as for crop yield reduction can
be investigated. The results of the prediction of the average air temperature and the zoning of frost damage can be
used in environmental planning such as disease and pest control, optimal water resources management, estimation
of damage to fields and environmental studies.

Keywords: Cold Degree Days, Remote sensing, Rice, Temperature stresses.
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