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Table 1- Results of physicochemical soil analyses (0—30 cm depth) at the experimental site
before planting
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Table 1- Combined analysis of variance for chickpea experiment data over two years
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. s3ljl 4z ““TO”OM sy, T Gyl el alsfle cdlsy el
e Degrees Seed Days to - Plant Biomass Grain Harvest
Sources of of ; Flowering P&¥s10  pHejght Yield Yield Index
Variations freedom  Weight Maturity
Year (Y) Jto 1 0.03 1.04 0.37 0.78 17550.04 10004.17 0.0007
(Meas s 1 2.22 104 17604 656  3596778.4 4687215  0.007
Planting Time
TeY s ol x Jlo 1 1.42 004 504 1.34 637004 912,67 0
Error 1y olol 8 0.6 1.42 2.38 0.7 5388.96 719.12 0.0005
Cultivar (V) o3, 1 14.92** 0.37 2.04 104.5** 536705.1* 499393.5* 0.026**
VY o8, x Jlo 1 0 2.04 5.04 1.46 210.04 130.67 0
VT o3, xcuS ol 1 1.08 1.04 26.04**  12.97** 87725.1** 98816.6** 0.003**
VY S yleg x 5 x L
T 1 0.07 3.38* 5.04 0.55 222.04 1204.17 0.0003
Error 2 v oLl 8 0.25 0.58 1.29 0.56 7342.29 532.63 0.0003
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Table 2- Mean interaction effects of cultivar, year, and planting time on individual traits

in chickpea
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Harvest Yield Yield Height Flowering  Weight (g) Line Time Year
index (Kg/ha) (Kg/ha) (cm)

0.43 721.3 1664 28 53.3 29.2 JAM oo 355 S;)rﬁg 1
0.46 891 1842 29.9 54 31.1 ILC 482 S;)I’Lie:]g 1
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Winter
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Table 3- Combined analysis of variance for lentil experiment data over two years
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e Degrees Seed Days to = Plant Biomass Grain Harvest
Sources of of \ Flowering D&¥S10 pejgnt Yield Yield Index
Variations freedom ~ Weight Maturity
Year (Y) Jlo 1 0.09 0.25 2.25 12.84 31624.69  4334.03  0.00003
Planting Time (T)cws ol 1 2.89 8.03 133225 4556 1029210 427498  0.03547
ToY s glox Jo 1 0 0.03 0.25 5.84 9376.69 90.25 0.00122
Error 1\ olxsl 8 0.02 0.89 2.17 1.37 264.58 11322 0.00025
Cultivar (V) 43, 1 4.64**  151.08** 243.25* 66.52**  90061.03  26294.0  0.00067
VY o3, % Jlo 1 0 0.58 0.08 0.13 1252.69**  62.53*  0.0002*
VoxT o8, xS ol 1 0.08 0.03  4508* 215 24557.5%*  13623.3**  0.0007**
V xY cesS oy x o8, x |l
; 3% ety ] 1 0 0.86 0.58 0.26 105.03 31.58 0.00001
Error 2 ¥ oLzl 8 0.09 0.25 2.25 12.84 31624.69  4334.03  0.00003
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Table — Mean interaction effects of cultivar x year x sowing time on individual traits in

lentil
-Ls als s § a5 glis)| FHERWARS

::"Jﬁ Gr;iirc 5o :Ia&nt) T;a /sl?;’ 100-8;3)3 w30y ;T;; t?:} Jw
Harvest Yield F\(()ir;%e Height Flov{ering Weight Line Timeg Year
index (Kg/ha) (Kg/ha) (cm) (9@

0.36 384 1056.3 205 57.3 55 Lentil oo SPring o 1

0.36 392 1083 22.2 57.7 57 ILL590 Spring o,k 1

0.38 367.7 983 17.3 50.7 46 ILL4400  Springo 1

0.43 570.7 1322 22.8 57.7 6 Lentil oo Winter ot 1

0.45 693.3 1494.7 25.3 58.7 6.4 ILL590 Winter s\l 1

0.44 543 1223.3 21 52 5.1 1LL4400 Winter Ll 1

0.38 405.3 1071 223 56.7 56  Lentil ys  Spring el 2

0.38 4237 11063 24.7 57.7 5.7 ILL590  Spring el 2

0.38 390 1026 19 51.7 4.7 1LL4400 Spring ol 2

0.42 5833 13913 23 58.3 61 Lentil yy  Winter o sl 2

0.45 713.7 1579.3 25.7 58.3 6.5 ILL590 Winter Ll 2



0.42 566.3 1344 21.7 52.3 52 ILL4400  Winter L 2
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Table 5- Combined analysis of variance for safflower experiment data over two years
Sl po (2S5ke

sl ax o r
" oo 439 e c . e
e gl Degrees 2 Uy, (S, B3y, aig glis)
9rees 100-seed ) ’

Lo o,Slas als o Slee cuils L
Sources of of Daysto Daysto Plant o z =

Variations freedom  VVeight Flowering Maturity  Height Biomass Yield Grain Yield Harvest Index
Year (Y) Ju 1 56.99 133  277.12 13.37 36300 16825.1 0.0009
Planting Time (T)cwss ol 1 57.1 533 141556  31.15 7787037 1065648 0.007
TxY s gl x Jl 1 56.26 015 41223 0.04 21056.15  12892.6 0.0003
Error 1y oleal 8 61.22 3.27 388.47 0.67 682.92 40.23 0.00002
Cultivar (V) (3, 1 56.17 161.33**  39.12 31.2%* 23467.26 11949  0.0009**
VY od,x Jlo 1 54.54 0 420.08 3 17.93 588 0.00013
VT b, xews ol 1 55.23 015  310.08 1.81 10325.3**  5691.2* 0.0001
VxY cuSibyx o8, x o
. 1 54.46 059 38156 0.04 33.33 273.93*  0.00006*
Error 2 v olcal 8 68.87 224 44499 1.14 186.67 33.43 0.00001
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Table 6- Mean interaction effects of cultivar x year x planting time on individual traits in

safflower
AL G s Shee adgles Slas g elis) a5 3, wlsas o3 S ol
NS Ju
cslsy  GrainY  ForageY Plant Height Daysto  100-Kernels ) Planting
. . Line . Year
Hindex (Kg/ha) (Kg/ha) (cm) Flowering  Weight () Time
0.27 479.3 1760.7 52 101 3.7 Faraman ;L2 Springe)le 1
0.28 497.3 1783.7 53 97 3.7 Sina b Springele 1
LS)Ué;J‘
0.29 837.3 2864.7 53.7 108.3 3.7 Faraman L3 1
Winter
. LS)Ué;J‘
0.32 935 2970.7 56 104.3 37 Sina L. 1
Winter
0.28 489.7 1781 52.7 102 3.7 Faraman ;L5 Spring o k. 2
0.28 501 1802.7 55.3 98 3.7 Sina b Springele 2
LS)Ué;J‘
0.32 960.3 3005.7 54.7 109.3 3.8 Faraman L5 2
Winter
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0.33 1022.7 3120.3 58.3 104.7 16.6 Sina L 2
Winter
0.004 6.68 15.78 1.23 1.27 0.05 LSD 5%
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Table 7- Combined analysis of variance for vetch experiment data over two years
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ol Wl 439 el c . .

i gl Degrees 100-Seed @By, (Soww, Uiy, &g elis)| oboses o,Slec 4"“):.1‘*‘ el Lasls
Sources of of Weiaht Days to Days to Plant Biomass Yield Grain Harvest Index
Variations freedom g Flowering Maturity  Height Yield

Year (Y) Ju 1 0.02 135 4.17 22.04 42504.2 6402.67 0.0001
Planting Time (T)cwss ob; 1 0.02 416.7 74817  2501.1 1384321 865640 0.06304
TxY s gleyx Jo 1 0.01 0.67 135 3.38 6272.67 1980.17 0.00001
Error 1y oLzl 8 0.01 0.63 3.12 0.62 118.62 85.67 0.00005
Cultivar (V) 43, 1 0.26%* 6.00* 10.67 2.04 88330.67**  15200.7*  0.00034
VY o8, x Jlo 1 0.013* 0.01 0.67 3.37 416.67 42.67 0.00004
VT o) xesS ol; 1 0.013* 0.17 16.67** 7.04 4428.17**  3408.17**  0.0015**

X VXYMQLA)‘X[‘,E) XJL..;
0.002 0.17 0.67 1.04 160.17 4.17 0.00001

-

Error 2 v oLzl 8 0.002 1.21 0.54 2.63 81.29 29.42 0.00002

sladgle Sibe jo ailflas Slas gl cils Gloj o Jlo o o8, blate Ol 31 Sk A Jgo
Table 8- Mean interaction effects of cultivar, year, and planting time on individual traits in forage vetch
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culsy  GrainY  ForageY  Plant Height  Days to 100-See ‘T_)i:; Planting Year
Hindex (Kg/ha) (Kg/ha) (cm) Flowering  Weight (g) Time
0.31 787.3 2524.7 40.7 76 3.6 Vd-2440 Spring o, 1
0.3 812 2686.7 41.3 77 3.8 Vetch ael,e Sisle SPring o,k 1
0.32 802.7 2511/7 59.7 84.7 3.7 Vd-2440 ‘sfum 1
Winter
. . LS)UG'SJ‘
0.39 1109 2848 61.7 85.7 3.9 Vetch asl, Sl ’ 1
Winter
0.31 836.3 2654.6 43 78 3.7 Vd-2440 Spring ol
0.31 864.7 2789.7 41.3 78.7 4 Vetch acl,e Sisle SPring o,k
0.32 813.7 2564 62.7 85.7 3.8 Vd-2440 5?”“
Winter
. . LS)UG'SJ‘
0.40 1191.3 2955 64 87 41 Vetch asl, Sl ’
Winter
0.005 6.26 1041 1.87 1.27 0.05 LSD 5%
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Table 9 — Average rainwater productivity (WP); energy produced in kcal/ha (En/ha); and rainwater
productivity in terms of nutritional value (Nut/Cal), biological yield (Biol/ha), and economic value
(Eco/ha) for various crops, by year and season

Jb 5 ol Crop Jsams RWP  En/ha Nut/Cal Biollha Eco/ha
Year Planting Time
1 Spring o,k Jam > o435 2.32 2597 8.35 5.25 2.89
1 Spring s,k ILC482.455 2.94 320733 10.31 5.52 3.11
1 Spring ol Lentil ;558 uoe 1.23  1305.33 4.21 3.39 2.31
1 Spring o,k ILL590 1.26 1333 4.28 3.48 2.34
1 Spring o,k I1LL4400 0.82 1250 4.02 3.16 2.24
1 Spring ol Safflower ;L3 5,5 1.55 1991 6.4 5.67 3.83
1 Spring o,k Safflower L. 8 1.6 2089 6.72 573 3.85
1 Spring o,k VD 2440 253 2598.33 8.35 8.12 3.43
1 Spring o,k Vetch «il s Sl 1.83 2680 8.62 8.64 3.62
1 Winter Ul Jam oz 5956 2.81 314733 10.06 7.33 3.59
1 Winter ! ILC482 409 4580.67 14.73 8.72 5.01
1 Winter Wl Lentil ;558 uoe 1.84 1940 6.24 4.25 1.83
1 winter ! ILL590 223 2357.33 7.58 4.8 2.13
1 Winter ! I1LL4400 1.75 1846.33 5.94 3.93 1.73
1 Winter o sl Safflower (L3 S5 2,71 3517 11.31 9.21 14
1 Winter . sl Safflower b 5,18 291 3927.33 12.63 9.45 1.53
1 Winter ! VD 2440 1.29 1329 4.27 9.21 2.48
1 Winter Ul Vetch el Sabe 1.52 1562 5.02 9.55 2.68
2 Spring ol Jam > g5 152 2733.67 5.49 3.52 1.88
2 Spring o,k ILC482 1.82 3276 6.58 3.74 2.22
2 Spring k. Lentil o558 uae 0.81 1378 277 3.76 0.85
2 Spring o,k ILL590 0.85 1439.67 2.89 3.22 0.92
2 Spring k. ILL4400 0.79 1326 2.66 3.06 0.82
2 Spring ol Safflower ;LI 5,5 0.98 2057 4.13 5.88 0.52
2 Spring k. Safflower L. %,5  1.03  2098.96 4.22 5.69 0.53
2 Spring o,k VD 2440 1.68 2760 5.54 8.33 2.26
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2 Spring ol Vetch a2l Sole

2 Winter Ul Jam > o4

2 Winter ! ILC482

2 Winter ! Lentil o558 ooe

2 Winter g Uzl ILL590

2 Winter s Ll ILL4400

2 Winter . sl Safflower Ll X508

2 Winter . sl Safflower L 5,18

2 Winter ! VD 2440

2 Winter Wl Vetch a2l Sole
LSD 5% 0.3 56.186

1.73  2853.33 5.73 8.6 2.29
192 3271.33 6.57 5.44 2.47
2.7  4839.67 9.52 6.59 3.29
1.17 1983 3.98 3.79 1.18
143  2426.67 4.87 3.17 141
1.14 1925.33 3.86 2.99 1.15
193 4033.67 8.1 7.54 0.98
2.05 4295.33 8.63 7.87 1.03
0.83 1365 2.74 7.65 1.59
0.99 1621.33 3.25 8.53 1.71
0.177  0.147 0.053
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Table 10 — Mean grain yield and agronomic traits of wheat following a rotation crop

SR L e O oA e
3l Jgaze cmy o Thousands Grain Biologic
. (cm Fertile Yield Yield Harvest
Crop/Rotation Plant ) tiller Kernel e 1€ Index
height Panicule Weight kg/hay kg/hay

3o pass
B 69.0 7.2 3.0 32.0 1109.7 2497.0 44.3

o)l 2955

3l e pass
76.3 94 5.5 35.6 1405.7 31733 443

3o pass
69.0 7.1 3.0 32.7 1108.3 2486.3 44.0

o)l ae

sam pass
76.0 9.2 5.3 34.7 1400.7 3170.7 44.0

3ham pass
— 68.3 7.0 3.0 323 1109.3 2488.7 443

o)ler S,

sam pass
o 76.3 8.7 5.0 34.3 1391.3 3161.0 44.0

3ham pass
69.7 7.3 3.0 32.3 1121.3 2515.0 44.3

o lgr Siko

sam pass
77.3 9.0 5.5 35.3 1399.7 3164.0 44.0
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EXTENDED ABSTRACT

Introduction. Continuous wheat cultivation and inadequate crop rotation in the dryland farming systems of
West Azerbaijan Province have contributed to declining soil fertility and increasing production costs.
Continuation of the current cropping pattern, as observed in many rainfed areas of the country, may threaten
the long-term sustainability of crop production under dryland conditions. Previous research in Iran has
demonstrated that the adoption of appropriate crop rotations, particularly the inclusion of grain legumes and
annual forage legumes, can alleviate many of the limitations and constraints associated with continuous cereal
cultivation and gradually improve soil productivity. The climatic conditions of the dryland areas of
northwestern Iran provide opportunities for integrating a wide range of crops, including grain legumes, annual
forage crops, and oilseed crops, into rotations with wheat. Conventional dryland cropping patterns, owing to
insufficient crop diversity over the long term, may result in declining soil fertility and reduced resource-use
efficiency. In contrast, increasing crop diversity through the inclusion of legumes such as chickpea and lentil
in rotation with wheat, as well as the use of annual forage legumes and drought-tolerant oilseed crops as
preceding crops, can enhance the utilization of rainfall resources. In addition, shifting sowing from spring to
delayed sowing can improve rainfall water productivity. These strategies were therefore evaluated in the
present study.

Methodology: A three-year field experiment was conducted to investigate the effects of sowing date and crop
rotation pattern on wheat yield and yield components, as well as rainfall water productivity (RWP). The
experiment was established at the Dryland Agricultural Research Institute using a split-plot arrangement within
a randomized complete block design, with nine treatments evaluated under two sowing dates: spring sowing
and delayed sowing. The crop rotation patterns were: (1) wheat—chickpea, (2) wheat-lentil, (3) wheat-vetch,
and (4) wheat-safflower.

Research findings: Combined analysis of variance and mean comparisons across treatments showed that
sowing date and crop rotation pattern had distinct effects on the wheat agroecosystem. Across all rotation
patterns evaluated, delayed sowing consistently outperformed spring sowing in terms of economic vyield,
biological yield, and rainfall water productivity. The highest and lowest wheat grain yields were obtained under
the chickpea—wheat rotation with delayed sowing (entezari) and the lentil-wheat rotation with spring sowing,
reaching 1405.7 and 1108.2 kg ha™!, respectively. Analysis of the effects of sowing date on rainfall water
productivity indicated a significant year x sowing-date interaction. The highest economic and biological
rainfall water productivity values were recorded in the first year under delayed sowing following chickpea
(ERWP = 4.09), Sina safflower (BRWP = 9.54), and Maragheh vetch (BRWP = 8.53), respectively.
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