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ABSTRACT

Maize (Zea mays L.) is the most important silage plants in the world because of its high yield, energy and
quality of forage and low fiber. Due to the severe water deficit in Iran and the high water demand of maize
plant, the only way to increase maize production is to increase the yield per unit area and reduce the yield
gap by optimizing production management. Therefore, this study was aimed to estimate the yield potential
and gap in the main forage maize production areas of Iran. For this purpose, GYGA protocol method was
used. Yield potential based on the data from a 15-year period (2001-2015) was calculated using the SSM-
iCrop2 simulation model. First, parameterization and evaluation of the simulation model for the studied
plant were performed using data from all over the country. In the major maize production regions of Iran,
27 reference weather stations (RWS) and 11 main climatic zones (CZ) were selected. The average Ya and
Yp of maize in Iran was estimated at 49.3 and 85.6 T/ha™?, respectively. Furthermore, in the major climatic
zones was 9.9 T/ha'yield gap in the country. In fact, forage yield and production in Iran can be increased
from current 49 T/hatand 11.2 million tons to 68 T/ha! and 15.6 million tons through optimized
management and elimination of exploitable yield gap.

Keywords: Climate zones, model evaluation, simulation, SSM-iCrop2 Model, yield potential.
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Table 1- Changes in yield, harvested area and production of forage maize in Iran during 2001 to 2015
bases on the Agricultural Ministry figure.

Year Yield (ton ha) Harvest area (1000 ha) Production
(million ton)
1380 425 48 2.0
1381 48.6 70 34
1382 43.2 81 35
1383 44.2 96 42
1384 46.7 132 6.2
1385 47.8 136 6.5
1386 46.1 168 7.7
1387 45.2 161 7.3
1388 50.2 147 74
1389 59.9 129 7.7
1390 51.3 145 7.4
1391 50.1 149 74
1392 58.4 128 75
1393 48.6 201 9.8
1394 45.9 242 111
Mean 48.6 135 6.6
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Figure 1. The contributions of different provinces in maize production during 1393 to 1395.
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Table 2. Selected reference weather stations and their information for forage maize in Iran.

e ol o sl adgle )3 5 Shae S g Sl 8551 1) Kan 5 oL Y.

Number of CZ code RWS Longitude Latitude Height Soil code (Percentage of soil code The area under cultivation in each
station ym( within the buffer) (ha™) (Percentage of the whole
country)
1 4003 GHAZVIN 50.06 36.26 1279 5 (15.4%), 12 (37.5%), 17 (42.1%) 5100 (2.2%)
2 4003 GHOOCHAN 58.45 37.12 1287 5(65.4%) 2094 (0.9%)
3 4003 KOMIJAN 49.31 34.71 1741 5 (38%), 14 (28.7), 17 (32%) 2242 (1.0%)
4 4003 KOOHRANG 50.13 32.46 2365 12 (31.6%), 14 (35.9%), 17 (32.5%) 2285 (1.0%)
5 4003 GHARGHABAD 49.83 35.11 1590 17 (58.2%) 3004 (1.3%)
6 4102 NAHAVAND 48.41 34.14 1678 5 (22.7%), 12 (32.7%), 17 (42.2%) 2228 (1.0%)
7 5002 ARSANJAN 53.28 29.93 1676 14 (69%) 6236 (2.7%)
8 5002 DORODZAN 52.42 30.21 1642 5 (36.2%), 14 (48.7%), 17 (15.1%) 4324 (1.9%)
9 5002 TORBATEJAM 60.56 35.29 950 17 (90%) 3010 (1.3%)
10 5003 KARAJ 50.95 35.81 1293 5 (50.7%) 27408 (12.0%)
11 5003 SABZEVAR 57.65 36.21 962 5 (76.7%) 3231 (1.4%)
12 5003 SAVEH 50.37 35.08 1112 5 (62.3%) 2005 (0.9%)
13 5003 SHAHREKORD 50.84 32.29 2049 5 (72.2%) 3128 (1.4%)
14 5102 PARSABAD 47.78 39.60 73 5 (80%) 3550 (1.6%)
15 5202 BILESOWAR 48.32 39.37 101 5 (90.8%) 8492 (3.7%)
16 6002 ZARGHAN 52.70 290.78 1596 5 (68.9%) 5531 (2.4%)
17 6002 GONBAD 55.21 37.27 37 5 (62%) 2676 (1.2%)
18 6003 GARMSAR 52.36 35.24 900 5 (91.3%) 17017 (7.5%)
19 6003 GHOM 50.86 34.77 879 5 (64.3%) 9470 (4.2%)
20 6003 KABOOTARABAD 51.83 32.52 1543 5 (79.9%) 4655 (2.0%)
21 6102 HASHMABAD 54.27 36.85 13 5 (34.2%), *8 (19.3%), 14 (36%) 4023 (1.8%)
22 7003 BEHBAHAN 50.22 30.61 313 5 (66.9%) 2722 (1.2%)
23 7003 DEHLORAN (HYP) 47.28 32.68 232 5 (67.9%) 2295 (1.0%)
24 7003 ZABOL 61.54 31.09 489 17 (61.7%) 2052 (0.9%)
25 8003 AHWAZ 48.74 31.34 23 17 (51%) 5447 (2.4%)
26 8003 DEZFUL(SAFIABAD) 48.43 32.25 83 17 (63.1%) 15732 (6.9%)
27 8003 OMIDIYEH (PAYGHAH) 49.55 30.83 35 5 (25.2%), 8 (32%), 17 (42.8%) 3598 (1.6%)
) (SUM 153555 (67.5%)

5=Clay soil, medium fertility, 120 cm depth
8= Clay soil, low fertility, 120 cm depth
12= Loam soil, high fertility, 60 cm depth

14=Loam soil, medium fertility, 120 cm depth

17=Loam soil, low fertility, 120 cm depth
26= Sand soil, low fertility, 120 cm depth
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Table 3. Harvested area (1000 ha), cultivated area/to the whole country (%), actual and yield potential (Ya and Yp), yield gap (Yg), Relative yield (RY), yield gap
percentage (Rg%), attainable yield (Y ax), exploitable yield gap (Ye), Actual production (Ap) and Attainable production (PAtt) in the main climate zonese of forage

maize in Iran. Yield potential is simulated by SSM during 2001-2015 and is adjusted with 70% moisture content. —-HYP hypothetical reference stations.

Ya

L HA CA/WC X Yp Yg Rg Ry Y At Ye Ap Pt
cz Stations in CZ (1000 ha) %) (tOT)ha (tonha?)  (ton ha?) %) (%)  (tonha?) (tonha®)  (1000tonha®) (1000 ton ha')
GHAZVIN-GHOOCHAN-
4003 KOMIJAN-KOOHRANG- 48 107 50.6 82.2 317 38.6 61 65.8 15.2 1236 1608
GHARGHABAD
4102 NAHAVAND 70 12 52.3 1037 51.4 49.6 50 83.0 30.7 148 236
ARSANJAN-DORODZAN-
5002 TORBATEIAM 81 9.0 56.8 975 40.7 417 58 78.0 21.2 1157 1588
KARAJ-SABZEVAR-SAVEH-
5003 CHALREKORD 96 205 51.4 90.4 39.0 431 57 72.3 20.9 2401 3377
5102 PARSABAD 132 19 410 68.3 272 39.8 60 54.6 136 175 232
5202 BILESOWAR 136 38 415 67.4 25.8 38.3 62 53.9 123 358 464
SHIRAZ-ZARGHAN-MARVAST-
6002 A HASANABADED ARAR 168 5.9 53.1 94.6 415 439 56 75.7 22.6 710 1012
GARMSAR-GHOM-
6003 A OOTARABAD 161 176 50.3 90.7 40.4 445 55 72.6 223 2012 2905
6102 HASHMABAD 147 20 38.0 732 35.2 481 52 58.6 20.6 176 271
7003 BEHBAHAN-DEHLORAN (HYP)- 129 45 452 759 307 404 60 60.7 155 464 624
AHWAZ-DEZFUL (SAFIABAD)-
8003 OMIDIYEH(PAYGAH) 145 109 418 70.8 28.9 408 59 56.6 14.8 1037 1403
National 149 88 49.3 85.6 36.3 42.4 58 68.5 19.2 11220 15590

estimate
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Figure 2- The observed days to maturity (day) and yield (ton hat) were obtained from the experimental
data against the simulated values by SSM-iCrop2 model that was used for A and B: parameterization; C

and D: validation. The yields are calculated based on a moisture content of 70%. 1:1 line and 20%
deviation lines are also shown.
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Figure 3. A: Actual yield (ton ha'); B: yield potential (ton ha); C: Yield gap (ton ha') of maize in
reference weather stations areas in Iran estimated by the SSM model for the years 2001 to 2015 and
corrected based on 70% moisture (Values in the parentheses indicate station number which is described in
Table 2); D: the average actual yield (ton ha*) of the country reported by Ministry of Agriculture versus
the actual yield of the country calculated by the GYGA method for forage maize. Time period is 2001 to
2015. 1:1 line (presented line) and 20% deviation lines are dotted.
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Figure 4. A: minimum and maximum temperatures from planting to crop ripening; B: amount of
cumulative received radiation at different stages of growth (cumulative incoming radiation from planting

until ripening (SRADt O), from planting until seed filling (SRAD2 1), onset of grain filling until
maturity (SRAD3 ©); C: growth period length; D: yield potential in the main climates of forage maize

cultivate.
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