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Extended Abstract

Introduction

Rainfed lands in arid and semi-arid regions are highly vulnerable to soil erosion due to limited water resources, steep slopes,
intense rainfall events, and shallow soils. Simultaneously, the decline in rangeland productivity and the growing demand for
forage have highlighted the need for efficient and sustainable cropping systems. This study evaluated the effects of cereal—
forage legume rotations, rainwater harvesting systems, and tillage methods on soil erosion control, productivity, and production
sustainability over two cropping seasons at the Kandaragh Research Station in Ardabil Province, Iran. The experiment was
conducted as a split-split plot design with three replications, including three factors: rainwater harvesting (two levels), tillage
method (conventional and minimum tillage), and five crop species (rainfed wheat, Medicago sativa L., Vicia villosa roth., Pisum
sativum L. and Lathyrus sativus L.). Results showed that all main factors and their interactions significantly (p < 0.01) reduced
runoff and sediment. Vicia villosa, Lathyrus sativus and wheat were most effective in reducing sediment concentration across
all rainfall events. Crop rotation in the second-year reduced sediment concentration by 2.54 g I'! and increased dry forage yield
of Vicia villosa, Lathyrus sativus by 15.5% and 13.4%, respectively. The highest forage yields were obtained under rainwater
harvesting and conventional tillage. A positive correlation was observed between plant morphological traits and grain/forage
yield, confirming the role of proper species selection in resource-use efficiency and soil protection. Overall, the integration of
biological and mechanical practices offers an effective, climate-resilient strategy for improving the resilience and sustainability
of rainfed agroecosystems in drylands.

Materials and Methods

The study was conducted in the Kandaragh watershed, located in the south of Ardabil Province, Iran, a semi-arid region with
an average annual precipitation of 250 to 300 mm. The experiment was performed over two consecutive years using a split-split
plot design with three replications. The main factors included rainwater harvesting (with and without harvesting), tillage type
(minimum and conventional), and five crop species (rainfed wheat, Medicago sativa L., Vicia villosa roth, Pisum sativum L. and
Lathyrus sativus L.). A two-year field experiment was conducted using a split-split plot design with three replications. The main
factor was rainwater harvesting (with and without harvesting), the sub-factor was tillage type (minimum and conventional), and
the secondary sub-factor was five crop species. A total of 60 plots were established each year, summing to 120 plots across two
years. Soil was prepared according to the tillage treatments, and crops were grown under dryland conditions. Runoff and sediment
samples were collected after significant rainfall events. Plant growth traits and crop yields were recorded in five growth stages.
Data were analyzed using multifactorial ANOVA (analysis of variance), with means compared by Duncan’s Multiple Range
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Test (DMRT) at five percent significance. Statistical analyses were performed using SPSS and R-Studio software.

Results and Discussion

The study results indicated a decrease in runoff volume across all treatments over five rainfall events, with vegetation cover
development playing a significant role in reducing surface runoff and soil erosion. Minimum tillage combined with the absence
of rainwater harvesting (RWH) structures resulted in the greatest runoff reduction. Leguminous crops such as Lathyrus sativus
and Vicia villosa were highly effective reducing runoff (up to 87.89%) and sediment yield due to their dense canopy and robust
root systems, while Medicago sativa showed the lowest efficiency. Statistical analyses confirmed that crop type, tillage practice,
and presence of RWH structures significantly influenced runoff and sediment reduction (p < 0.001). The integration of minimum
tillage, protective vegetation cover, and optimized RWH design proved an effective strategy for controlling runoff and erosion
in rainfed agricultural systems of arid and semi-arid regions. Agronomic year, tillage type, presence of RWH, and crop species
notably affected canopy cover percentage, especially during peak vegetative growth, with significant multifactor interactions
highlighting the need for multidimensional management. Although upstream RWH structures increased incoming runoff in some
plots, the best vegetation performance was observed in the combined treatment of minimum tillage, RWH, and leguminous
crops, which enhanced soil moisture retention, reduced evaporation, and improved infiltration. Legumes exhibited rapid growth
and dense coverage, effectively controlling runoff and erosion. Morphological and yield analyses demonstrated significant
improvement in agronomic traits in the second year, with combined management practices exerting the greatest positive impact
on crop performance and soil stability. Overall, this study shows that integrating soil management, water harvesting, and suitable
crop selection offers a viable strategy to enhance vegetation cover, reduce erosion, improving resilience and increase both
economic and environmental productivity in rainfed agroecosystems.

Conclusion
This study highlights the critical role of integrated management practices including the use of native leguminous species,
minimum tillage, and rainwater harvesting (RWH) in enhancing water use efficiency and soil conservation in rainfed systems
in arid and semi-arid regions. The interaction of factors such as crop species, tillage method, RWH systems, and cropping year
significantly reduces surface runoff (by up to 88%) and soil erosion. At the same time, it improves vegetation cover and crop yield.
Native legumes like Lathyrus sativus L. and Vicia villosa Roth exhibit dense root systems and extensive canopy cover, which
stabilize soil and increase infiltration capacity, thereby mitigating runoff and sediment loss. A significant negative correlation
between canopy cover and sediment production underscores the importance of vegetative cover in erosion control. Integrated
approaches combining conservation tillage with rainwater harvesting optimize the performance of legumes and enhance both
ecological and economic outcomes. Climatic variability and inter-annual differences further influence treatment efficacy,
necessitating adaptive management and continuous monitoring. Economic assessments reveal that fast-growing, high-yielding
legume species reduce the reliance on chemical fertilizers, increase farmer income, and promote system sustainability. Future
research should focus on assessing the long-term impacts of integrated soil and water management, exploring root architecture
and soil infiltration capacity, conducting economic and environmental evaluations, and utilizing modern technologies such as
remote sensing and artificial intelligence. Overall, this research confirms that integrated management and selection of resilient
native legumes are essential strategies for sustainable agriculture and effective soil erosion control in water-limited dryland
environments.
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Fig 1. Split-split plot design with the following factors: 1- Year: first year (Y1) and second year (Y2); 2- Rainwater harvesting

level: two levels, without harvesting (al) and with harvesting (a2); 3- Tillage: two levels, minimum tillage (b1) and

conventional tillage (b2) and 4-Crop type: five levels, wheat (c1), Vicia villosa Roth (c2), Lathyrus sativus L. (c3), Pisum

sativum L. (c4), and Medicago sativa L. (c5). (A) represents treatments related to the four forage species, and (B) represents

treatments of the cereal crop (wheat).
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Fig 2. Field operations: (a) Land preparation and implementation of conventional tillage and minimum tillage with separation

of the upper sections of the plots for rainwater harvesting (RWH) structures; (b) Construction of bunds along the plot margins

and crop planting operations
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1. ANOVA

2. Shapiro—Wilk Test

3. Levene’s Test

4. F-statistic

5. Mean Square Between Groups
6. Mean Square Within Groups
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Fig 4. Runoff percentage trends of selected forage species across five growth periods in two consecutive years
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Table 1. Comparison of mean runoff reduction (%) in selected treatments (based on Duncan’s test)
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Table 2. Summary of ANOVA results and comparison of total runoff means in experimental treatments

Significance level Highest mean runoff (L m™) Lowest mean runoff (L m™) Factor
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Table 3. t-test results for comparing mean sediment (g/L) between two consecutive years across growth periods

Significance level df t Mean difference (g/ L) Time interval Period
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Table 4. Four-factor ANOVA results for the entire growing season

Significance level

F-statistic ~ MS (Mean Square)

Source of variation
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Table 5. Analysis of variance (ANOVA) for the main and interaction effects of different factors on vegetation canopy cover

percentage
Period V. Period IV Period Il Period II  Period I Main and interaction effects
e o0 el s o 0093 pI2 093 Jsbesss Jile 5 ol 50
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5328.54 *** 14410.53 **¥ 502805 ¥¥* §3L.AG *¥* 31420 *r .
ShsS g5
C T
6200.15 *** 12615.86 *** 5377.34 %% 109143 *** 672,50 *** rop ype
Jpams ¢ 5
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AT o x L
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Table 6. Summary of mean canopy cover comparison of five crops across five rainfall stages

(%) Mean canopy cover alS iy ~U Ao

. Product
Period V Period IV Period III Period 11 Period I J pems
2y 00 poler o3 p o 008 £33 0,92 dslerss
5521/a 40.67/a 30.63/a 23.75/a 1348 /a = Lathyrus sativus L.
50.29/a 39.79/a 29.88/a 22.25/a 11.80/a 6‘QPJ§ ile Vicia villosa Roth
2792/b 23.54/b 18.75/b 1421/b 5.81/b f'xg Wheat
20.13 /¢ 17.08 /¢ 1454 /¢ 8.75/¢c 4.54/0b &4 5o 5 355 Pisum sativum L.
15.08/¢ 12.67/¢ 10.81/¢ 8.04/¢c 435/b NEpES Medicago sativa L.

Explanation of groups: Products with the same letter within a column are not significantly different at the five percent

significance level (Duncan test, a = .(*,*°
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Table 7. Comparison of mean crop traits over two consecutive years and among five different crops
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(Wheat) Roth) sativus L.) sativum L.)  sativa L.) level) (df) (t-value) Dev) Difference) (Trait)
Pod length (cm)
b a b c d 0.003 47 318 143 —0.66 e Jsb
(o Sl)
Number of pods
b a b c d 0.000 47 444 1.03 -0.66 per plant
G 53 BN sl
Number of
b a b ¢ d 0.000 47 423 148 -0.90 seeds per pod
WS 5 Ails sl
Number of
b a b c d 0.000 47 674 3.99 ~3.89 seeds per plant
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Table 7. Comparison of mean crop traits over two consecutive years and among five different crops

Glad g I8 Sl JiEs e s s aiy Solsre e ax)s R K { PR
e (Vicia villosa (Lathyrus ~ (Pisum  (Medicago  (Significance  s!31 By (Std,kee  (Meanc| s d s us s
(Wheat) Roth) sativus L.) sativum L.)  sativa L.) level) (df) (t-value) Dev) Difference) (Trait)
Seed weight per
pod (g)
b a b c d 0.000 47 657 019 018 s s 4l 0
5
Seed yield
(g/ m™)
b a a c d 0.000 47 678 29.99 2938 L 6o
(prr
Dry forage yield
(g/ m™)
- - - - - 0.065 59 188 4721 -11.46 Soke 2 Kos
Y f;) S
(grr
Plant height
(cm)
- - - - - 0.000 59 404 500 -2.65 i)
(usobls
#103 Slio gl bty BT 4ot s - A dgis
Table 8. Summary results of ANOVA for agronomic traits
Tillage
i Year Rainwater Type Major significant interactions
Trait . Harvesting, RWH s Crop Type J ‘ g s
J)M /}:J P JJM f ))Lfluq; ”U'US("@"
o S e SiosS &
Dry forage yield
(gm™) NS *% (0.0016) oAk ok Rair?water Harvestigg x Tillage Type,
S absle 5 Ses (<0.001) (<0.001) Rainwater Harvesting x Crop Type
(g 530 5)
Rainwater Harvesting x Tillage Type, Rainwater
POd length skesksk sesksk skeskeosk 1 1
e Jb(em) w¥% (<0.001) Harvesting x Crop Type, Tillage Type x Crop Type,
= ( ) (<0.001) ' (<0.001) (<0.001)  Year x Crop Type, Rainwater Harvesting x Tillage
ST
Type x Crop T
Number of pods ybe = LIop 1ype
*x Hoxk Year x Crop Type, Rainwater Harvesting x Crop
per plan - (0.07) " (002) 0.0017 <0.001 Type, Tillage Type x Crop T
Sy O sl (0. ) (<0.001) ype, lillage lype > Crop lype
Number of seeds Rainwater Harvesting x Tillage Type, Year x Crop
per pod " s HA* oAk Type, Rainwater Harvesting x Crop Type, Tillage
e s Lls sluss (0.0029) (0.0016) . . .
(<0.001) (<0.001) Type x Crop Type, Rainwater Harvesting x Tillage
Type x Crop Type
Number of seeds Rainwater Harvesting x Tillage Type, Year x Crop
per plant . sk Type, Rainwater Harvesting x Crop Type, Tillage
S albslae *¥(0.036) ¥ (<0.001) (<0.001)  (<0.001) Type x Crop Type, Rainwater Harvesting x Tillage
. ' Type x Crop Type
oY
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Table 8. — A d_y.\> aslsl

Tillage
Rainwat
Trait Year a1r‘1wa < Type Crop Type Major significant interactions
i Harvesting, RWH ¢5 | Sl
J S5 e J : S DOlelas 1 S
| g2 L;)-i) ‘,-;-<e‘ C]“‘“ CiaaSl Bl t}: &
Seed weight per Ramwater Harvesting x T.ﬂlage Type, Year X. Crop
sk s Type, Rainwater Harvesting % Crop Type, Tillage
Podlel wos)  Ns(77) Type x Crop Type, Raimwater Harvesting x Till
S s s O3 . . (<0.001)  (<0.001) ype x Crop Type, Rainwater Harvesting x Tillage
. Type x Crop Type
(¢
Rainwater Harvesting x Tillage Type, Year x Crop
Seed yield (g m™2) . sk Type, Rainwater Harvesting x Crop Type, Tillage
<) *(0.019 ¥ (<0.001 i i i
23 p8) alas S *( ) ( ) (<0.001)  (<0.001) Type x Crop Type, Rainwater Harvesting x Tillage
(s Type x Crop Type
il glajled 3 Liole b Hlge Ol 5 K5 aighe 3 Shes -4 >
Table 9. Dry Forage Yield and Erosion Control Capacity in Different Treatments
) Dry Forage Yield Dry Forage Yield )
Erosion Rainwater
Control Rank Year 2 (kg/ha) Year 1 (kg/ha) Harvesti Treatment
ontrol Ran arvesting, i
o Sist yle 055 s St wbyle 03 Rwil g Tillage Type Crop Type Code
)Ly;di %) po3 Jlu o 2SS ol dl i ol O J & Sles asles
TS e S L —
Minimum
2 1685.5 15900 ~ WithoutRWH  Tillage Wheat alblel
g cla_w SEEY P.>=.J: JE\J.;- r_).,S
Minimum
1 3909.3 33833 Witl:nout RWH Tillage Vicia viIIOfa roth alblc?
j”&f\cjuoy.g o Bl Sled e 8 ik
Minimum
1 3786.1 34733 Witl‘lout RWH Tillage Lathyrus sativus L. alble3
ANl Osds el fil A=
Minimum
4 1593.7 1633.3 Witl‘lout RWH T1.llage L. Pisum sativum albled
S sk il Sl e 3 50
Minimum
4 1574.0 14933 Witl‘lout RWH Tillage Medicago sativa L. alblcs
J,:g..\c]a.wu}.!u V};&JEU&- ﬁzwﬁ
Conventional
4 2762.2 29333 Without RWH — Tillage Wheat alb2cl
Conventional
1 39492 4416.6 Witl‘lout RWH Tillage Vicia villoia roth alb2e2
J,:g..»\c]a.w;)}.’q _;)w‘pw Slad e 8 Sab
Conventional
1 36445 3210.0 Wit{lout RWH Tillage | Lathyrus sativus L. alb2c3
A e ks Jsene o5 A
oY
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Table 9 (continued) 4 Jsd> aslsl

Dry Forage Yield Dry Forage Yield

Erom;r;r(l:kontrol Year 2 (kg/ha) Year 1 (kg/ha) I_E:;;\r;v;;;er . Treatment
ke Kot abgle O35 s S absde 05 esting, Tillage Type Crop Type Code
’L"’f"’ = es5 Jlo 53 2 eSS Jsl Il }}WH S3aSb g Iy £ 5 o e
e O folzs) Ok A CJM
Conventional
6 1657.8 1620.0 Without RWH Tillage L. Pisum sativum . 1504
B Sledske 35
Conventional
5 1729.0 1593.3 Without RWH Tillage Medicago sativa L. 1195
BTN e Syens o (> s
3 2915.3 2650.0 Wit}’l RWH  Minimum Tillage Wheat a2blel
JRpSa o JBl oS
1 49601 4593 3 Wit}’1 RWH  Minimum Tillage Vicia villosa roth a2blc2
RSl b e ol Sles = I8 il
1 44153 4066.6 Witl’1 RWH  Minimum Tillage Lathyrus sativus L. a2blc3
ATkl s s pe
5 1580.3 1746.6 Wit{l RWH  Minimum Tillage L. Pisum sativum a2blcd
Jﬁl&“b V;;;JBU;— Slad sl 5 5
6 1080.2 0833 With RWH  Minimum Tillage Medicago sativa L. a2blcs
AT e b e Bl NPRESTY
Conventional
3 4699.5 4750.0 With RWH Tillage Wheat a2b2cl
S et s i "t
Conventional
2 7277.5 7100.0 With RWH Tillage Vicia villosatoth ;190
J"i“c}""’“k" vj}“"";""“’ glad S Sk
Conventional
2 7511.6 7006.6 With RWH Tillage Lathyrus sativus L. 593
At P
Conventional
7 2913.5 3220.0 With RWH Tillage L. Pisum sativum 512 c4
Al Sl e 5 355
Conventional
8 2386.6 2276.6 Wit}’1 RWH Tillage Medicago sativa L. a2b2¢5
A e L P e NP
LAd Bee oL g s Ses b 5l OV g o Sl Lg)bTeJJf)J44.’,‘;:)&&95}1}{‘@@)\6}&%):)9}5—
by St b gle sl SVL el s 4 s bl ol S call Kb bl e Ml 5 0l gduaib a
05:90) Jsane o5 Lol o OLL ST e (511 slasless & 5o Bl Ll s s Jsame onl YL il ediasOlis al
3,8 0es &S (g s (ol o3 (5 Gl 8 Sab gl 5 sladsle s blie ps il S3e ade SIS
P V0 g VIV I i 4a2b2e3 sl 5a2b2e2 g s Sile Olgeas 5 a5 13 5ol bl glaws, s 3 4 g o s
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