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Fig. 1- Location of the studied provinces.
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Table 1. Correlation between ENSO indices in different months and irrigated grape yield.

2

gudl 23l e Ll S e e Wl ()98 iyl Sl i Sloe e b
ENSOindex Oct Nov Dec Jan Feb Mar Apl May Jun Jul  Aug Sep
MEI -0.17 -015 -0.11 0.270 0308 0.318 0.464 0.467 0.095 -0.05 -0.08 -0.131
NOI 0.197 -0.17 -0.26 -047 0.030 0.392 -0.02 0.031 -0.58" -0.31 0.020 0.238
NINO 142 -0.17 -0.06 -0.13 0.182 0.059 0.168 0.633™ 0.309 0.286 0.071 -0.19 -0.122
Nino 3.4 -0.05 -0.04 -0.05 038 0.363 0.399 0.332 0.224 0.173  0.132 0.009 -0.079
Nino 3 -0.08 -0.05 -0.05 0397 0290 0.370 0.468 0.197 0.180 0.145 -0.01 -0.078
Nino 4 -0.16 -0.11 -0.09 0355 0.428 0.426 0.396 0.287 0.147 0.065 -0.08 -0.174
PNA 0.359 0.165 -0.46 0308 0.070 0.175 -0.039 0.004 0.153 -0.02 0.378 0.000
SOl 0.219 -0.00 0.169 -0.46 -0.005 -0.50" -0.188 0.266 0.012 0261 0.294 0.284
TNA 0.098 0.004 0.159 0.248 0331 0.219 0.099 0.054 -0.013 0.125 0.037 -0.079

MELI: Multivariable Enso Index, NOI: North Pacific Decadal Oscillation, PNI: Pacific North American Index, SOI: Southern Oscillation
Index, TNI: Trans Nino Index.
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Fig. 4- The percent of irrigated grape yield changes in La Nina to El Nino of studied provinces.
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gudl 2SS e ol 3T 60 g kbl (poyed Culgudyl Sloys i Sl eseed
ENSO Oct Nov Dec Jan Feb  Mar Apl May Jun Jul Aug Sep
index
MEI 0.205 0.260 0.212 -0.06 -0.07 -0.12 -0.260 -0.222 0.023  0.094 0.109 0.149
NOI -0.40 0.021 0.148 0.250 -0.23 -0.33 0.249 -0.293 0338 0372 -0.405 -0.487"
NINO 142 0.305 0.210 0.243 0.009 0.325 0.087 -0.395 -0.113 -0.084 - 0.211 0.258
0.023
Nino 3.4 0.151 0.193 0.224 v-0.1 -0.08 -0.15 -0.051 0.011 0.064 0.030 0.105 0.150
Nino 3 0.223 0.235 0.246 - 0.023 -0.12 -0.156 0.013 0.014 - 0.099 0.207
0.168 0.037
Nino 4 0.194 0.219 0.226 -0.09 -0.15 -0.14 -0.094 0.003 0.114  0.153 0.181 0.211
PNA -0.32  -0.31 0383 -0.07 - -0.181 0.098 -0.232 -0.279  0.350 - 0.037
0.069 0.534"
SOl -0.32  -006 -0.11 0270 -0.05 0.324 0.209 -0.245 -0.150 - -0.273 -0.184
0.243
TNA 0.168 0.299 0.053 0.101 0.009 0.007 0.129 0.094 0.180 0.015 0.070 0.176

MEL: Multivariable Enso Index, NOI: North Pacific Decadal Oscillation, PNI: Pacific North American Index, SOI: Southern Oscillation
Index, TNI: Trans Nino Index.
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Introduction: The yield of agricultural crops is one parameter closely correlated to weather features. The ENSO
phenomenon is a climate parameter that affects weather, climate and agricultural production. Iran is one of the
top producers of grapes in the world. With the large area of cultivation and high grape production, this product
can be exported. In addition to grape yield importance, the effects of ENSO on agriculture that has been confirmed
by researchers, and the lack of similar studies on the grape plant especially in Iran, the purpose of this investigation
is to evaluate the effects of ENSO in EI Nino and La Nina phases on grape yield.

Materials and methods: In this study, for evaluation of the effect of ENSO phenomenon on grape yield, irrigated
and rain-fed grape cluster weight information as a yield of 27 different provinces during 1999 to 2015 was used.
For assessment, the effect of ENSO, the information of nine different indices of ENSO including SOI <PNA <NOI «
NINO 3.4 <NINO 1+2 <NINO 3 <NINO 4 <MEI and TNI were provided. Pearson correlation coefficient was used
for the determined relation between ENSO indexes and yield amount in SPSS software. Finally, the zoning maps
with considering irrigated and rain-fed grape yield in EI Nino and La Nina phases were drowned.

Results and discussion: The results showed that NINO 1+2 index in April was the most effective of the ENSO
indices on irrigated grape yield and PNA index in August had the highest correlation with rain-fed grape yield.
Comparing the correlation between ENSO and grape yield indicated that the effect of ENSO on irrigated grape
yield was more than the rain-fed yield (+0.633 against -0.534). The comparison of average grape yield in each of
El Nino and La Nina phases showed that La Nina phase led to an increase of 24.5% in irrigated grape yield. The
average yield for irrigated grape in La Nina was 11,822 kg/ha, and in EI Nino was 9,490 kg/ha. While the average
rain-fed grape yield during La Nina was 2,401 kg/ha, and during ElI Nino was 3,552 kg/ha, which indicated
increasing rain-fed grape yield during EI Nino to La Nina with a value of 47.9%. These results were in line with
the studies of Zareabyaneh and Bayatvarkeshi (2012), Yousefi and Hajjam (2012), Khorshiddoust and Ghavidel
Rahimi (2006) and Moron and Plaut (2003).

Conclusion: In total, the effects of the ENSO phenomenon on irrigated and rain-fed grape yield in the country
was confirmed. The effect of ENSO on agriculture productions, however, depends on the type of plant, kind of
cultivation and study area. It can be expected that the results of the ENSO effect on each agricultural plant are not
generalized. Moreover, further study of each crop in each region is needed.
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