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Effect of intercropping on water use efficiency, yield quantity and quality of millet and
soybean in different irrigation regimes
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ABSTRACT

To investigate the effects of intercropping on yield quantity and quality of soybean (Glycine max (L.) Merr.) and
millet (Panicum miliaceum L.) in different irrigation regimes, the experiment was carried out as a split-plot based
on a randomized complete block design with three replications at the Research Station of Agricultural Faculty of
Bu-Ali Sina University, 2015. The main factor included three levels of irrigation regimes (irrigation after 60, 90
and 120 mm cumulative evaporation from pan class A) and five levels of replacement intercropping consisted of
monoculture of soybean, monoculture of millet, 67 % soybean+ 33 % millet (67Soybean:33Millet), 50 %
soybean+ 50 % millet (50Soybean:50Millet) and 33 % soybean+ 67 % millet (33Soybean:67Millet) as subplot.
The results showed that the highest grain phosphorus concentration of millet (0.35%) was obtained from
50Soybean:50Millet ratio and irrigationg after 60 mm evaporation, and the lowest one (0.12%) was observed in
monoculture of millet and irrigating after 120 mm evaporation. The highest grain phosphorus concentration
(0.27%) of soybean was observed in 50Soybean:50Millet ratio, that was 14.4% higher than monoculture of
soybean. phosphorus and oil concentrations of soybean seeds in irrigation regime of 120 mm evaporation
decreased 40.7 and 26.14%, respectively, compared to 60 mm irrigation regime. Intercropping increased protein
content of millet and increased water use efficiency of soybean and millet. Maximum value of LER (1.14) was
achieved in 50Soybean:50Millet intercropping in when plants were irrigated after 120 mm evaporation.
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Table 1- Physiochemical characteristics of experimental field soil (soil depth 0-30 cm)

Soil Texture EC (dSm™) pH

P (ppm) K (ppm) Total N (%)

(Loam) 0.2 8.0

11.0 326.0 0.1
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Table 2- The amount of consumed water (kg m™) in the millet and soybean growing periods.

Irrigation (mm evaporation from pan class A) Millet Soybean
60 6358 7106
90 4864 5440
120 3847 4284
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Table 3- Variance analysis of the effect of irrigation regimes and intercropping on nutrient elements
concentration of soybean and millet

Mean squares

Source of variation df P concentration N concentration
Millet Soybean Millet Soybean
Replication 2 0.00019™ 0.00130™ 0.0149™ 1.11™
Irrigation regimes 2 0.03229™ 0.04877" 0.3332" 2.38"
Error a 4 0.00007 0.00083 0.0130 0.27
Intercropping 4 0.00622™ 0.00169™ 0.0601" 0.05™
Irrigation regimesx Intercropping 8 0.00036™ 0.00004" 0.0001™ 0.03™
Error b 24 0.00006 0.00028 0.0065 0.12
CV (%) - 11.13 6.72 5.95 12.14

*x *
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Figure 1. Effects of intercropping on grain phosphorus concentration of millet in different irrigation
regimes (LSDg s: 0.0133)
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Table 4- Effects of irrigation regimes and intercropping on soybean and millet grain nitrogen
and phosphorus concentrations of

Treatments Millet Soybean
Irrigation regimes ~ N concentration (%) P concentration (%) N concentration (%)
60 1.206° 0.312° 2.333°
90 1.303° 0.250" 2.925°
120 1.530° 0.185° 3.206°
LSD (0.05) 0.129 0.033 0.585
Intercropping

100 Soybean: 0 Millet - 0.233° 2.71°
67 Soybean:33 Millet 1.419° 0.247™ 2.85°
50 Soybean:50 Millet 1.407% 0.266% 2.88%
33 Soybean:67 Millet 1.338° 0.250° 2.83%

0 Soybean:100 Millet 1.241° - -
LSD (0.05) 0.079 0.016 0.339
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Means followed by the same letters in each column are not significantly different according to Least

Significant Difference (LSD) test (P<0.05).
‘MM evaporation from pan class A
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Table 5- Variance analysis of the effect of irrigation regimes and intercropping on protein and
oil content of soybean and millet

Mean squares
Protein content

Source of variation df

Oil content of soybean

Millet Soybean
Replication 2 0.50™ 36.07™ 63.52"™
Irrigation regimes 2 11.327 77.77 343.86
Error a 4 0.44"™ 8.70 22.03
Intercropping 4 2.047 1.61™ 2.92™
Intercroppingx Irrigation regimes 8 0.03™ 1.07™ 0.14™
Error b 24 0.22 3.83 16.01
CV (%) - 5.95 12.14 11.55

*x*

Sl gixe s s D)0 S g Jisl mdaw o b s s
*, and ™": Significant at 5 and 1% probability levels, respectively; ™: non-significant
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Table 6- Effects of irrigation regimes and intercropping on protein and oil content of soybean and

millet
Treatments Millet Soybean
Irrigation regimes ™ Protein content (%) Protein content (%) Qil content (%)

60 7.035° 13.323° 40.417°
90 7.598° 16.707° 33.662"
120 8.963° 18.309° 29.850°

LSD (0.05) 0.754 3.343 5.321

Intercropping

100 Soybean: 0 Millet - 15.50% 34.000°
67 Soybean:33 Millet 8.276° 16.29° 34.311%
50 Soybean:50 Millet 8.207® 16.47° 35.133°
33 Soybean:67 Millet 7.803° 16.17° 35.100°

0 Soybean:100 Millet 7.239° - -

LSD (0.05) 0.464 1.938 3.963

5l (g5l sime BN ooy gty Jleim] mhans 4o ¢lo sire IS JBlaz yae3l bl s egie o 30 S e By slls slo . Sile
Means followed by the same letters in each column are not significantly different according to Least
Significant Difference (LSD) test (P<0.05).

“MM evaporation from pan class A
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Figure 2- Regression relationship of grain protein with oil content of soybean
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Table 7- Variance analysis of the effect of irrigation regimes and intercropping on soybean and
millet water use efficiency and grain yield

Mean squares

Source of variation  df Water use efficiency Grain yield
Millet Soybean Millet Soybean
Replication 2 0.00025™ 0.00236" 671" 27282"
Irrigation regimes 2 0.00988™ 0.009717 1112682 1764504™
Errora 4 0.00043 0.00022 2190 3532
Intercropping 4 0.00675™ 0.00067" 1175493™ 2121158™
Intercroppingx Irrigation regimes 8 0.00005" 0.00016" 35737 88394™
Errorb 24 0.00029 0.00016 1829 1788
CV (%) - 12.38 13.95 4.38 3.76

** *

NS .
ol i )0 S g Jloisl maw jo Jls e i 4

“, and ™" Significant at 5 and 1% probability levels, respectively; ™: non-significant

033 3 by (S o 2 p,S5kS) Ol Bpan TS bglie utS g (6)lnl slan; 1 -A Jgoe
Table 8- Effects of irrigation regimes and intercropping on soybean and millet water use
efficiency (kg.m)

Irrigation regimes Millet Soybean
60 0.330% 0.348%
90 0.336° 0.310°
120 0.283° 0.292°
LSD (0.05) 0.024 0.017
Intercropping
100 Soybean: 0 Millet - 0.306"
67 Soybean:33 Millet 0.337° 0.317%®
50 Soybean:50 Millet 0.340% 0.327%
33 Soybean:67 Millet 0.304 0.316%
0 Soybean:100 Millet 0.283° -
LSD (0.05) 0.017 0.012

A5 gl e B wsys iy Jleis | e jo ls g BT BBlas ees] ulel i o 0 S i Bg i sl sl Sl
Means followed by the same letters in each column are not significantly different according to Least

Significant Difference (LSD) test (P<0.05).
“MM evaporation from pan class A
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Figure 8- Effect of replacement intercropping on grain yield of soybean (LSDys: 72.54; A) and millet
(LSDq5:73.36; B) in different irrigation regimes
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Figure 4- Effect of different replacement intercropping patterns on soybean and millet grain yield in
irrigation regimes of 60 mm evaporation (A), 90 mm evaporation (B) and 120 mm evaporation (C)
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Figure 5- Land equivalent ratio in replacement intercropping of soybean and millet in different irrigation
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