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Introduction

The food security of any country is directly dependent on the production of its agricultural sector, and any
disruption in the production process of this sector can directly threaten the food, social, economic and even
political security of the country. In other words, the agricultural sector, as a productive sector, is responsible for
eliminating and reducing poverty and ensuring food security. In the current situation, due to the ever-increasing
demand and the significant growth of the population, the indiscriminate and incorrect exploitation of limited and
non-renewable resources and reserves, as well as the occurrence of challenges such as climate change, ensuring
food security and maintaining it, are of great importance. The purpose of this study was to investigate the
availability of crop products in Razavi Khorasan province in two horizons of 5 and 10 years under two scenarios
of full irrigation and deficit irrigation in accordance with the water capacity of the province and to provide
appropriate solutions.

Materials and Methods

This study was carried out in Razavi Khorasan province for the time period of 2017-2020 as the baseline and
2024-2028 and 2024-2033 as 5- and 10-year horizons, respectively. The information needed for this study was
obtained through documentary and library studies, generally by referring to the official centers that publish the
country's information and published documents (especially the Ministry of Agriculture and the Agricultural
Jihad Organization of Razavi Khorasan province), field information and also by completing the questionnaire
from national experts and holding meetings with stakeholders and experts. Finally, the changes in the harvested
area, yield, production, volume of water consumption and water productivity of important irrigated (under two
scenarios of full irrigation and deficit irrigation) and rainfed crops, as well as indicators of per-capita
consumption, production, demand, trade, and the percentage of self-reliance of these crops were estimated and
evaluated in 5- and 10-year horizons compared to the baseline (2017-2020).
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Results and Discussion

According to the results, if the objectives of this study are achieved, the crop water requirement and total
water consumption will decrease across both scenarios and time horizons, while water productivity will improve
compared to the baseline. In the projected horizon periods, the yield of both irrigated and rainfed crops will
increase compared to the baseline. The harvested area of irrigated crops will decrease, while the harvested area
of rainfed crops will expand. However, under deficit irrigation conditions, the production of both rainfed and
irrigated crops will rise, whereas irrigated crop production under full irrigation conditions will decline, aligning
with water balance objectives. These changes will occur mainly due to the increase in the harvested area and
production of fodder sorghum, silage, fodder beet, and autumn beet and the decrease in the harvest area and
production of alfalfa, irrigated vegetable crops, and spring beet. Despite the increase in the demand of important
crop products of the province in 5- and 10-year horizons by 10 and 17% (considering population growth and
improvement in per-capita consumption), respectively, the amount of production of these products will decrease
by 2% in 5-year horizon and increase by only 1% in 10-year horizon. Therefore, it is predicted that the self-
reliance of the province's total production will decrease from 74% in the baseline to 68% and 67% in the 5- and
10-year horizons, respectively. In order to achieve the results of this study, solutions such as paying attention to
aquifers and watersheds, cultivation of fallow lands, increasing soil organic matter, real development of
conservation agriculture, development of autumn and waiting planting, development of alternative crops
(especially fodder crops), and provision, production, distribution, and consumption of inputs in a timely and
appropriate manner are suggested.

Conclusion

In total, the results of this research showed that the proposed production pattern for crops in Razavi Khorasan
province and 5 and 10-year horizons will be consistent with the water capacity of the province, especially in the
deficit irrigation scenario. However, the realization of the results of this study requires the categories of

"research”, "technology", "education and empowerment", and "promotion of achievements".
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Figure 1- Production (A), harvested area (B), yield (C), water consumption volume (D), water requirement (E), and water
productivity (F) of total crops under full and deficit irrigation conditions in the baseline and 5- and 10-year horizon
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Table 2- Crop water requirement under full and deficit irrigation conditions in the baseline and 5- and 10-year horizon

Gross water requirement (m® ha?) of LalBU ;LS

(o LA 5L Full irrigation Jols" (5,1 Deficit irrigation (g ,WleS
Jgpaceo Net water b sd Yo 38 O &8 Yo 58
Crop req“?ﬁ”}f“‘ wbeyd gl dl wbeyd gl o
(m*ha) Baseline  5.year  10-year Baseline  5.year  10-year
horizon _ horizon horizon _ horizon
Wheat p.:5 2884 6409 5573 5127 5172 4458 4102
Barley 2510 5587 4850 4462 4462 3880 3570
Rice @, 7300 16222 14106 12978 14600 12696 11680
Cotton 4., 7522 15044 13082 12035 12035 10465 9628
Beet jue 8186 16372 14237 13098 13095 11389 10478
Autumn beet o}uL jaue 4600 9200 8000 7360 7360 6400 5888
Beans b 6150 12300 10696 9840 9840 8557 7872
Potato e jouw 6851 10540 9165 8432 9486 8249 7589
Onion jL, 8112 13520 11757 10816 10816 9405 8653
Tomato S ,84>55 7974 12268 10668 9814 11041 9601 8833
Oily crops sy, ;lals 2884 6409 5573 5127 5127 4458 4102
Watermelon «lgas 6199 11271 9801 9017 9017 7841 7213
Melon o5 5 7057 12831 11157 10265 10906 9484 8725
Other vegetable crops ;Jls L. 7000 12727 11067 10182 10818 9407 8655
Alfalfa g 10500 21000 18261 16800 17850 15522 14280
Fodder maize clagle )3 6434 10723 9325 8579 9115 7926 7292
Fodder sorghum cladgle o5 gm0 5000 9091 7905 7273 7273 6324 5818
Silage Juas 2400 4800 4174 3840 3840 3339 3072
Fodder beet clasgle juiie 6000 10000 8696 8000 8000 6957 6400
Other fodder crops sgle Lo 4000 8000 6957 6400 6800 5913 5440
Other crops &Ygaso ylo 6000 12000 10435 9600 9000 7826 7200
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Table 3- Total (irrigated and rainfed) and irrigated harvested area under full and deficit irrigation conditions in the baseline
and 5- and 10-year horizon

Ma,u.ﬂ Cwild y u', Cwild p mhaw
Total harvested area (thousand ha) Irrigated harvested area (thousand ha)
o (55! Sl Jol5 5l Sylles
Jgameo Full irrigation Deficit irrigation Fullirrigation Deficit irrigation
Crop al 0,90 O @8 Vo 38! O @8 Vo &8 al 0,90 o &8 Ve 38l O &8 Vo 8l
Baseline Alw Alw Al Al Baseline Al Al Al Al
S-year 10-year S-year 10-year S-year 10-year S-year 10-year
horizon horizon _ horizon horizon horizon horizon horizon horizon
Wheat p.:5 234 212 182 233 208 131 89 71 110 97
Barley s 137 131 128 148 148 114 97 82 114 102
Rice 21 11 11 13 11 2.1 11 11 13 11
Cotton 4o, 23 19 17 21 19 23 19 17 21 19
Beet juue 17 10 9 14 11 17 10 9 14 11
Autumn beet o 1 0 2 25 2 22 0 2 25 2 2.2
Beans <l 10 1 10 9 13 1.8 0.9 0.7 11 1
Potato e jeum 5 42 4 4.7 45 4.7 4.2 4 4.7 45
Onion 3L, 21 1.7 15 19 1.7 2.1 1.7 15 19 17
Tomato Sysax 5 113 7.9 6.3 9 8.1 11.3 6.3 9 8.1
Qily crops s, slals 11 11 12 14 14 5.5 7.9 5.5 8.3 7.5
Watermelon «ls.n 7 5.0 4 4.4 39 6.7 5.5 3.4 44 3.9
Melon o5 25 18 16 20 18 25 4.0 15 19 17
Other vegetable > L. 3 2 18 22 2 28 17 18 22 2
crops
Alfalfa sy 27 16 13 19 17 27 2 13 19 17
Fodder maize  glasgle <) 17 17 14 17 16 17 16 14 17 16
Fodder lassle ps%)9 0 2.2 2.2 3 3 0 17 2.2 25 25
sorghum
Silage Joab 0 27 37 28 28 0 2.2 7 8 8
Fodder beet  glagle 1z 0 2 2 2 2 0 7 15 1.8 1.8
Other fodder sssle L. 0 15 21 15 21 22 15 18 2.7 2.7
crops
Other crops <¥gaxs ylo 22 9 8 21 15 135 2.2 7.6 121 121
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Table 4- Average yield of irrigated crops (kg ha) under full and deficit irrigation conditions in the baseline and 5- and 10-
year horizon

Baseline 4L Potential Juwiliy Full Jol8' s,Lf Deficit (g ,lleS
) ) irrigation irrigation

Jgazo o &8 Ve 8 O 8 Yo 8

Crop obw! 2988 obw! 298 Al W AW Wl
Province  Country Province  Country 5-year  10-year 5-year  10-year
horizon  horizon horizon _ horizon

Wheat pu:5 3700 4273 7569 12659 4810 5750 4570 5175

Barley ¢ 3236 3555 6037 11450 4369 5150 4150 4678

Rice gy 3448 5150 10148 - 4827 5600 4550 5208

Cotton 4z, 2240 2565 6273 7317 3136 3450 2979 3209

Beet e 53030 54776 109592 161821 60985 66500 57500 61845
Autumn beet o0l e - - - - 70000 74000 68000 68820

Beans wlbg.o 1616 2208 4957 3956 2182 2500 2073 2300

Potato e 31439 35626 79424 90967 41499 46000 39425 42780
Onion L, 43117 46138 79630 174917 56052 61000 53249 56730

Tomato 55,845 55 40026 45481 130576 - 52034 57000 49432 53010

Oily crops ¢4, olals 1619 1819 4957 7038 2348 2600 2250 2366
Watermelon ls.n 25070 31000 73902 - 32090 35000 29843 32550
Melon 3,5 20500 22000 44619 - 26650 29000 24785 26970

Other vegetable crops (¢l olals yls 21324 24000 37435 - 25589 28000 24053 26040
Alfalfa aq 9658 10578 30677 20707 12362 13500 11497 12555
Fodder maize késle )3 51679 52070 96598 122350 62015 67000 58914 62310
Fodder sorghum ladgle po5 g - - - - 67000 74000 64000 68820
Silage Juad 30000 30000 40000 - 32400 35000 30132 32900

Fodder beet glégle iz 55000 55000 85000 - 68000 75000 66500 69750

Other fodder crops «sle ylo 7679 8988 9500 - 9599 10500 9119 9765
Other crops &¥game ylo 8128 8700 10500 - 9916 11000 9024 10230

Al Ve g dlw O @il 5 asly 590 15 (UKD 13 0,59LS) o2d (£y5 Y gazme 3 Shos (il —0 Jgua
Table 5- Average yield of rainfed crops in the baseline and 5- and 10-year horizon

s 4S5 aloyg  dldgs Al ).
Crop Country Baseline 5-year horizon 10-year horizon
Wheat p.:5 1295 676 879 1055
Barley o 1291 736 957 1148
Beans b 577 381 495 594
Oily crops sy, ;lals 155 264 316
Watermelon «lgaa 7600 3807 5711 6853
Melon o5 ,5 13000 3007 4511 5413
Silage Juas 13000 9500 11400
Legumes and intercropping Ly g po 2000 361 1500 1800

Other crops &Ygaso ylo 2534 2027 2432 2919
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Table 6- Production of total (irrigated and rainfed) and rainfed crops under full and deficit irrigation conditions in the
baseline and 5- and 10-year horizon

w23 9 il o5 EIEYIY
Total crop production (thousand tons) Irrigated crop production (thousand tons)
Jol5' (gLl Solles Soles Jol8’ (gLl
Jgpasw Fullirrigation Deficit irrigation Deficit irrigation Fullirrigation
Crop b 0493 O &8l Vo 8 O @8 AR t] al 0y9d O &8 Ve 38l o & Vo 8l
Baseline Al Al Al Al Baseline Al Al Al Al
5-year 10-year S-year 10-year 5-year 10-year 5-year 10-year
horizon horizon horizon horizon horizon horizon horizon horizon
Wheat pu:5 611 537 526 611 618 541 428 409 502 501
Barley o 385 456 475 505 532 368 423 423 472 450
Rice gy 7 5 6 6 6 7 5 6 6 6
Cotton 4z, 52 58 58 62 60 52 58 58 62 60
Beet i 1021 634 622 797 686 1021 634 622 797 686
Autumn beet o500 e 0 140 185 136 151 0 140 185 136 151
Beans clg. 6 6 10 6 10 3 2 2 2 2
Potato e jcuw 164 176 185 185 191 164 176 185 185 191
Onion L, 101 94 92 101 97 101 94 92 101 97
Tomato S ysass5 452 411 360 447 431 452 411 360 447 431
Oily crops ¢4, olals 10 14 16 20 20 9 13 14 19 18
Watermelon lsun 200 134 127 135 135 198 130 120 131 128
Melon 3,5 603 470 436 469 460 602 465 430 464 454
Other sl glals L 79 61 56 65 59 70 50 50 54 53
vegetable crops
Alfalfa asqy 274 218 208 235 247 274 200 174 217 213
Fodder maize gladgle )3 898 1076 938 1022 973 897 1076 938 1022 973
Fodder cleésle ¢S5 0 147 163 160 172 0 147 163 160 172
sorghum
Silage J.a8 417 587 431 605 227 245 241 263
Fodder beet lssle jaixe 102 113 120 126 102 113 120 126
Other fodder crops assle y L 26 32 25 35 29 17 21 19 24 23
Other crops wYgaxs yls 137 94 83 110 112 137 94 83 110 112
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Table 7- The amount of water consumed by crops (million m-) under full and deficit irrigation conditions in the baseline and
5- and 10-year horizon

Jol (5l S sleS
Fullirrigation Deficit irrigation
e o 3 e g Dsd 3 Ale)e gl
Crop a0l 09 4l 2,99
Baseline Moo horgon Bl o horien

Wheat p.:5 839 496 365 583 490 297
Barley s> 635 469 367 442 442 366
Rice @, 34 15 14 27 16 113
Cotton 4., 350 243 201 243 219 181
Beet juis 284 148 123 197 158 116

Autumn beet o},L jaus 16 18 13 13

Beans <l 23 10 7 16 9 8

Potato e jawm 50 39 34 39 39 34
Onion ;L 28 20 16 20 18 15

Tomato S jas s 139 84 62 108 87 72

Oily crops 9, ;lals 36 31 28 25 37 31
Watermelon «lsae 76 40 31 53 34 28
Melon o5 320 195 152 237 177 147

Other vegetable crops 5> LS Lo 36 22 18 26 21 18
Alfalfa g 565 295 217 418 293 242
Fodder maize lagle )3 186 162 120 138 137 114
Fodder sorghum cladgle #5540 - 17 16 - 16 15
Silage Joa3 - 29 27 - 27 25

Fodder beet cladgle juise - 13 12 - 13 12
Other fodder crops sgle Lo 18 15 11 13 16 13
Other crops &Y gaso plo 162 98 72 106 95 73
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Table 8- Crop water productivity (kg m-) under full and deficit irrigation conditions in the baseline and 5- and 10-year

horizon

Jyone Baseline asly 2,93 Fullirrigation Jols" g bl Deficit irrigation (g,
Wheat p.:5 0.7 0.9 0.9 1.1 1.0 1.3
Barley 4 0.7 0.8 0.9 1.2 1.1 1.3
Rice g 0.2 0.4 0.3 0.4 0.4 0.4
Cotton 4, 0.2 0.24 0.2 0.3 0.3 0.3
Beet jue 4.0 4.3 4.3 5.1 5.0 5.9
Autumn beet o},L jaue - - 8.8 10.1 10.6 11.7
Beans b 0.2 0.2 0.2 0.3 0.2 0.3
Potato e jouw 33 2.8 4.5 5.5 4.8 5.6
Onion jL, 4.0 14 4.8 5.6 5.7 6.6
Tomato 55,6455 3.6 3.2 4.9 5.8 5.1 6.0
Oily crops sy, ;lals 0.3 0.3 0.4 0.5 0.5 0.6
Watermelon lgaa 2.8 3.9 33 3.9 3.8 4.5
Melon o5 5 1.9 2 2.4 2.8 2.6 31
Other vegetable crops ;i ;lals Lo 2.0 3.1 2.3 2.8 2.6 3.0
Alfalfa g 0.5 0.7 0.7 0.8 0.7 0.9
Fodder maize clagle )3 5.7 5 6.7 7.8 7.4 8.5
Fodder sorghum (cladgle o535 gm0 - - - 10.2 10.1 11.8
Silage Juas 7.8 10 7.8 9.1 9.0 10.7
Fodder beet clasgle juiie 6.9 6.1 7.8 9.4 9.6 10.9
Other fodder crops asgle Lo 11 6.5 1.4 1.6 15 1.8
Other crops &Ygaso ylo 0.9 0.2 1.0 11 1.2 1.4
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