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THE GROWTH AND YIELD PERFORMANCE OF INTERCROPPED MAIZE (Zea mays L.) WITH VARIED PLANTING GEOMETRIES

ABSTRACT
	Cereal legume intercropping specifically maize- green gram is known for its ability to improve soil fertility by fixing atmospheric nitrogen through legume crop resulting in higher relative yield, LER, ATER and BC ratio which strengthens’ the economy and ensure food security for majority of the world’s population. A field experiment was carried out during summer season, 2024, at Kunar Salarbagh, Afghanistan to study the effects of intercropping and plant geometry on growth and yield characters of Maize (Zea mays L.) and Mungbean (Vigna radiate L.) crops. The experimental finding revealed that sole maize and mungbean crops were superior in growth and yield parameters while in intercropping T8 treatment resulted in significantly higher LER in intercropping system (1.66), ATER (1.50) and maize equivalent yield (12584.75 kg ha-1) followed by T7, T6 and T5 treatments where the lowest LER (1.47) and maize equivalent yield (8428.23 kg/ha) were observed in T5.
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INTRODUCTION 
Maize (Zea mays L.) is one of the world’s most important cereals, ranking third after wheat and rice, and is cultivated on nearly 200 million hectares worldwide, producing over 1,000 million tons annually, with major producers including the United States, China, Brazil, Mexico, and Argentina (FAOSTAT, 2014). Often referred as “queen of cereals” due to its high yield potential, maize serves as a staple food, livestock feed, and industrial raw material, contributing significantly to global food security and trade (Parihar et al., 2011; Erenstein et al., 2022). Nutritionally, maize is rich in starch, protein, and energy (365 kcal/100 g), providing essential calories for millions of people in developing countries (Raheem & Charles, 2018; Peter et al., 2014). In Afghanistan, maize is the third most important cereal crop after wheat and rice and is cultivated across diverse agro-ecological zones. It plays a vital role in food security, especially in a country where more than half of the population lives below the poverty line (Hamidullah et al., 2020). Despite a production increase to 0.311 million tons in 2011–2012, maize productivity (2.2 t ha⁻¹) remains far below the global average of 5.21 t ha⁻¹ (Afghan Statistical Yearbook, 2022). This low productivity places additional pressure on domestic food systems, particularly in the context of declining arable land and increasing population demands. Malnutrition remains a serious public health concern in Afghanistan, where pulses constitute the primary source of dietary protein for a large segment of the population. Among these, mung bean (Vigna radiata L.) is an important pulse crop due to its short growing duration, drought tolerance, high nutritional value, and economic importance (Noorzai, Khan, & Iqbal, 2017). Mung bean provides an affordable protein source and is commonly grown as a sole crop, intercrop, or catch crop. Given that food and nutritional security are prerequisites for national stability and human well-being, the continued decline in cultivable land has severely limited the expansion of cereal and legume production areas. Under the current scenario of limited natural resources (particularly land and water) and the growing impacts of climate change, the development of diversified cropping systems, such as intercropping, is essential to enhance crop productivity and strengthen agroecosystem functioning (Gui et al., 2024). Intercropping maize with mung bean has been shown to reduce insect pest incidence (Kheroar & Patra, 2014), improve soil fertility (Amanu et al., 2022), enhance soil microbial activity (Baishya et al., 2022), and significantly increase land equivalent ratio (Ahmed et al., 2000). Therefore, the present study was conducted to investigate the effects of intercropping and planting geometry on crop growth, yield, land equivalent ratio (LER), area time equivalent ratio (ATER), and benefit–cost ratio of maize and mung bean.
Materials and Methods:
A field experiment was carried out during summer season, 2024, at Salar bagh, Kunar province, Afghanistan. The soil of experimental site was sandy loam in texture, high in organic matter (31.3 kg ha-1), moderately alkaline in reaction (pH 7.83), low in available nitrogen (68.85 kg ha-1), medium in available phosphorus (14.1 kg ha-1) and low in available potassium (226.5 kg ha-1). The experiment consisted eight treatments; T1= Broadcast  Maize ,T2= Broadcast Mungbean, T3= Only Maize row to row and Plant to Plant spacing =30×20 cm,T4= Only Mungbean Row to row and Plant to Plant spacing =30×15cm,T5= Maize Row to Row spacing 40×20 cm with one Row of Mungbean as intercrop,T6= Maize Row to Row spacing 50×20 cm with two Rows of Mungbean as intercrop,T7= Maize Row to Row spacing 60×20 cm with three Rows of Mungbean as intercrop,T8= Maize Row to Row spacing 80×20 cm with four rows of mungbean arranged in Randomized Complete Block Design (RCBD) replicated thrice. The Buraq and Nayab varieties of maize and mungbean comprised the study material. The gross and net plot sizes were 4m x 4m and 3m x 3m, respectively. Recommended doses of N and P2O5 followed were 140:70 and 20:40 kg ha-1 NPK for maize and mungbean respectively, applied in the form of urea and DAP. The Maize Equivalent Yield (MEY), relative yield, land equivalent yield and area time equivalent ratio were calculated using following formulae:

MEY =       Verma and modgal, (1983)
Relative yield =                         (Willey & Reddy,1981).

Land equivalent ratio (LER) =  +                                                              (Willey 1979)                                 
Where., Yaa = Pure stand yield of species (a), Ybb = Pure stand yield of species (b), Yab = Mixture yield of species (a) In combination with (b), Yba = Mixture yield of species (b) in combination with (a)
 Area time equivalent ratio (ATER) = (Yim × Tim / Ym) + (Yis × Tis / Ys)  
 (Hiebsch and McCollum, 1987).

 Where: Yim = Yield of intercrop maize; Ym = Yield of sole maize; Tim = Time duration (days) maize occupied the field; Yis = Yield of intercrop mungbean; Ys = Yield of sole mungbean; Tis = Time duration (days) mungbean occupied the field.
RESULTS AND DISSCUSSION
Growth performance of maize 
Significant differences were observed in growth attributes with respect to maize intercropping and cropping geometry during all crop growth stages (Table 1). At harvest stage significantly superior plant growth parameters i.e. plant height (220.93 cm), number of leaves/plant (12.07), dry matter accumulation (138.40g), root dry weight (25.67 g), root length (19.63 cm), leaf area/plant (451.67 cm2), chlorophyll content (45 SPAD) values were observed with sole maize crop. However with intercropped maize significantly higher plant growth parameters i.e. plant height (219.20 cm), number of leaves/plant (11.80), plant dry weight(130.07g), root dry weight (22.67 g), root length (19.20 cm), leaf area/plant (448.47 cm2), chlorophyll content (44.47 SPAD) were observed with  T8; maize row to row 80 cm with four row of mung bean as intercropped which remained statistically significant higher mean values compared with all other treatments (T1–T7). The improvement of T8 over T1–T3 was pronounced, while it also maintained superiority over T4–T7. Overall, T8 ranked superior among all treatments for the studied parameters. On contrary, significantly lowest plant growth parameters i.e. plant height (212.33 cm), number of leaves/plant (11.07), plant dry weight (106.60 g), root dry weight (15.13 g), root length (16.20 cm), leaf area plant-1 (396.53 cm2), chlorophyll content (41.40 SPAD value) were observed with broadcast maize (T1).  In general, the sole maize (T3) was superior in most parameters but in intercropping T8 show the best result among intercropping treatments. The same trend was also observed at earlier crop growth stages i.e. at 30 and 60 DAS (Table 1). In current experiment the sole maize exhibited maximum plant height, leaf number, and biomass which was may be due to unhindered access to sunlight and nutrients, whereas in intercropping the T8 maintained competitive performance which was due to the synergistic effects of mungbean nitrogen fixation ability and improved light penetration, aligning with observations recorded by Polthanee and Trelo-ges (2003), Ahmed et al. (2000), and Ashoka et al. (2013). Root development, LAI, and chlorophyll content also peaked in T8, further enhancing productivity, as confirmed by Roy et al. (2015); Kumar et al. (2024). The superior growth performance of maize under T8 is in close agreement with earlier findings of Polthanee and Trelo-ges (2003) and Ahmed et al. (2000) whom reported that wider maize spacing combined with legume intercropping significantly improves plant height and leaf development due to reduced interspecific competition and better resource utilization. Similarly, Ashoka et al. (2013) also observed enhanced biomass accumulation in maize–legume intercropping systems, attributing this improvement to complementary growth behavior and efficient nutrient sharing. Furthermore, increased root development, higher leaf area index, and improved chlorophyll content under T8 corroborate the results of Roy et al. (2015); Kumar et al. (2024), who emphasized that legume-induced nitrogen enrichment and improved light interception play a critical role in enhancing maize productivity under optimized intercropping geometry.
Yield and yield attributes of maize



The data pertaining to yield and yield attributes of sole maize and intercropping are depicted in Table 2, which reveals that the number of cob per plant (1.80), number of grain per cob (456.93), cob length (18.85 cm), cob girth (16.07), 100 seed weight (42.69 g), grain yield (7.61 ton/ha), straw yield (10.75 ton/ha) and biological yield (18.37%) was significantly higher in sole maize treatment (T3). However in intercropping, higher number of cob per plant (1.73), number of grains per cob (438.40), cob length (18.80 cm), cob girth (15.60), 100 seed weight (40.93 g), were obtained in intercropping treatment T8 (Maize row to row 80 cm spacing with four row of mung bean) while the lowest number of cob per plant (1.13), number of grain per cob (365.80), cob length (16.97 cm), cob girth (14.13), 100 seed weight (37.60 g), were obtained in broadcast maize treatment. Despite the fact that T3 exhibited superior in term of seed yield (t ha-1) the T5 also recorded significantly higher seed yield (5.65 t ha-1), straw yield (9.77 t ha-1) and biological yield (15.42 t ha-1) followed by T6 and T7 and T8 due to high plant population in intercropping treatments (table 2). Regarding yield components i.e. number of grain number cob-1, 100 seed weight, and total dry matter were markedly higher in T8, indicating that strategic row arrangements in intercropping can optimize resource use and reduce intra-species competition. These findings align with those of Panwar et al. (2016), Oljacas et al. (2000), and Pandey et al. (2003). Evaluation indices such as Land Equivalent Ratio (LER), Area Time Equivalent Ratio (ATER), and Maize Equivalent Yield (MEY) clearly favored T8, confirming the efficiency and productivity of the intercropping system as reported by Ahmed et al., 2000; Parvender et al., 2010 and Ro et al., 2023. The improved yield performance observed under T8 (maize at 80 cm row spacing with four rows of mungbean) could also be attributed to efficient resource sharing and reduced intra-crop competition phenomenon. Similar findings were also reported by Panwar et al. (2016), Oljaca et al. (2000), and Pandey et al. (2003), who demonstrated that optimized row arrangements in maize–legume intercropping enhance cob development, number of grain cob-1, and seed test weight through better light interception and nutrient use efficiency. Even though, the sole maize produced the highest absolute yields, intercropping treatment T8 achieved superior yield components among intercrops, reflecting a balanced source–sink relationship. Moreover, higher LER, ATER, and MEY values under T8, confirm that this intercropping geometry is more productive and land-use efficient than sole cropping systems. The current research findings are also supported by Ahmed et al. (2000), Parvender et al. (2010) and Ro et al. (2023).
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	Table .1. Effects of intercropping and plant geometry on growth parameters of maize

	Treatments
	Plant height (cm)
	No. of leaves plant-1
	Dry matter accumulation plant-1 (g)
	Root dry weight (g)
	Root length (cm)
	Leaf area surface (cm2)
	Chlorophyll content

	At 30 DAS

	T1
	82.33 c
	9.67 c
	9.47 c
	1.73 c
	10.28 c
	221.07 c
	47.27 c

	T2
	--
	--
	--
	--
	--
	--
	--

	T3
	91.27 a
	11.40 a
	12.13 a
	4.13 a
	18.00 a
	237.73 a
	50.13 a

	T4
	--
	--
	--
	--
	--
	--
	--

	T5
	86.87 bc
	10.00 c
	9.67 bc
	2.20 bc
	10.43 c
	222.13 c
	47.33 c

	T6
	87.20 bc
	10.20 bc
	10.00 bc
	2.53 bc
	10.64 c
	225.93 bc
	47.80 bc

	T7
	88.53 ab
	10.93 ab
	10.73 b
	3.27 b
	10.79 bc
	228.00 bc
	48.73 ab

	T8
	89.40 ab
	11.00 ab
	12.00 a
	3.93 a
	11.53 b
	230.00 ab
	49.27 ab

	S.E.M ±
	2.88
	0.33
	0.47
	0.21
	0.28
	3.51
	2.37

	C.D. (P= 0.05%)
	8.74
	1.01
	1.44
	0.64
	0.85
	10.65
	7.18

	CV%
	7.6
	7.3
	10.25
	16.48
	5.42
	3.56
	11.29

	at 60 DAS

	T1
	137.80 c
	10.53 c
	57.80 c
	9.40 c
	14.93 c
	340.40 f
	40.33 c

	T2
	--
	--
	--
	--
	--
	--
	--

	T3
	214.73 a
	13.67 a
	76.73 a
	15.13 a
	17.53 a
	438.60 a
	46.13 a

	T4
	--
	--
	--
	--
	--
	--
	--

	T5
	196.80 b
	11.07 c
	73.00 ab
	10.67 c
	15.67 b
	356.80 e
	42.27 c

	T6
	198.73 b
	11.73 bc
	74.27 ab
	10.73 c
	16.27 b
	394.00 d
	43.80 bc

	T7
	213.47 a
	11.93 b
	74.53 ab
	13.40 b
	16.53 ab
	423.20 c
	44.67 b

	T8
	213.53 a
	12.07 b
	75.53 a
	14.6 ab
	17.27 a
	431.07 b
	45.00 ab

	S.E.M±
	15.99
	0.64
	5.25
	0.83
	0.78
	6.91
	2.17

	C.D. (P= 0.05%)
	48.49
	1.93
	15.93
	2.52
	2.35
	20.95
	6.58

	CV%
	18.85
	12.41
	16.85
	15.53
	10.94
	4.01
	11.46

	at harvest

	T1
	212.3 bc
	11.07 bc
	106.60 d
	15.13 d
	16.20 b
	396.53 c
	41.40 c

	T2
	--
	--
	--
	--
	--
	--
	--

	T3
	220.93 a
	12.07 a
	138.40 a
	25.67 a
	19.63 a
	451.67 a
	45.00 a

	T4
	--
	--
	--
	--
	--
	--
	--

	T5
	209.07 c
	11.40 b
	113.27 c
	19.60 c
	18.73 a
	432.93 bc
	42.07 bc

	T6
	209.93 c
	10.60 c
	117.87 c
	20.5 bc
	19.07 a
	433.93 bc
	43.13 b

	T7
	212.9 bc
	11.73 ab
	123.67 b
	21.80 b
	19.13 a
	446.27 ab
	43.73 b

	T8
	219.2 ab
	11.80 ab
	130.07 ab
	22.67 b
	19.20 a
	448.47 a
	44.47 ab

	S.E.M±
	10.69
	0.51
	8.79
	0.72
	0.89
	4.46
	1.18

	C.D. (P= 0.05%)
	32.41
	1.55
	26.68
	2.19
	2.71
	13.52
	3.58

	CV%
	11.53
	10.31
	16.7
	7.98
	11.04
	2.37
	6.3






	Table.2. Effects of intercropping and plant geometry on yield and yield attributes of maize

	Treatments
	No. of cob per plant
	No. of grains cob-1
	Cob length
	Cob girth
	Weight of 100 grains of
	Final grain yield ton/ha
	Final straw yield ton/ha
	Biological yield ton/ha
	Harvest index

	T1
	1.13 d
	365.80 d
	16.97 d
	14.13 d
	37.60 d
	5.50 b
	9.61 bc
	15.37 c
	37.50 bc

	T2 
	--
	--
	--
	--
	--
	--
	--
	--
	--

	T3
	1.80 a
	456.93 a
	19.27 a
	16.07 a
	42.69 a
	7.61 a
	10.75 a
	18.37 a
	41.46 a

	T4
	--
	--
	--
	--
	--
	--
	--
	--
	--

	T5
	1.20 cd
	427.20 b
	17.07 c
	14.93 c
	38.97 c
	5.65 b
	9.77 bc
	15.42 c
	36.70 bc

	T6
	1.47 b
	429.00 b
	17.87 bc
	15.13 bc
	39.07 bc
	5.56 b
	9.75 bc
	15.31 c
	37.40 bc

	T7
	1.60 ab
	436.87 ab
	18.47 ab
	15.33 ab
	40.43 ab
	5.32 b
	8.64 c
	13.96 d
	38.10 bc

	T8
	1.73 ab
	438.40 ab
	18.80 a
	15.60 a
	40.93 ab
	5.19 b
	8.20 c
	13.39 d
	38.79 bc

	S.E.M±
	0.08
	4.28
	0.72
	0.28
	0.76
	0.05
	0.64
	0.61
	11.98

	C.D. (P=0.05%)
	0.25
	12.97
	2.19
	0.86
	2.31
	0.16
	1.94
	1.84
	6.33

	CV%
	13.04
	2.32
	9.23
	4.30
	4.40
	2.04
	15.65
	9.20
	4.13

	T1= Broadcast  Maize ,T2= Broadcast Mungbean, T3= Only Maize row to row and Plant to Plant spacing =30×20 cm,T4= Only Mungbean Row to row and Plant to Plant spacing =30×15cm,T5= Maize Row to Row spacing 40×20 cm with one Row of Mungbean as intercrop,T6= Maize Row to Row spacing 50×20 cm with two Rows of Mungbean as intercrop,T7= Maize Row to Row spacing 60×20 cm with three Rows of Mungbean as intercrop,T8= Maize Row to Row spacing 80×20 cm with four rows of mungbean



Table.3. Evaluation of intercropping system showing relative yields, maize equivalent yield, land equivalent ratio and area time equivalent ratio of maize mungbean intercropping under different planting geometry.
	Treatments
	Maize relative yield
	Maize equivalent yield
	LER
	ATER

	T1
	0.72 bc
	-
	0.72 d
	0.72 c

	T2
	-
	-
	0.79 c
	0.66 d

	T3
	1.00 a
	-
	1.00 b
	1.00 a

	T4
	-
	-
	1.00 b
	0.83 b

	T5
	0.74 bc
	8428.23 c
	1.47 a
	1.34 a

	T6
	0.73 bc
	9752.44 b
	1.54 a
	1.41 a

	T7
	0.70 c
	11358.89 ab
	1.61 a
	1.46 a

	T8
	0.68 c
	12584.75 a
	1.66 a
	1.50 a

	T1= Broadcast  Maize ,T2= Broadcast Mungbean, T3= Only Maize row to row and Plant to Plant spacing =30×20 cm,T4= Only Mungbean Row to row and Plant to Plant spacing =30×15cm,T5= Maize Row to Row spacing 40×20 cm with one Row of Mungbean as intercrop,T6= Maize Row to Row spacing 50×20 cm with two Rows of Mungbean as intercrop,T7= Maize Row to Row spacing 60×20 cm with three Rows of Mungbean as intercrop,T8= Maize Row to Row spacing 80×20 cm with four rows of mungbean



CONCLUSION  

Due to the availability of sunlight to four rows of mungbean as intercropped and high nitrogen fixation in soil for maize plant intercropping of maize row to row spacing 80*20 with four rows of mung showed the highest per hectare combine fresh weight, seed yield, land equivalent ratio, area time equivalent ratio and benefit cost ratio (BCR) of maize and mungbean intercropping. It may be concluded that this planting geometry could be followed to intercrop mungbean with maize. However, in this study plant to plant distance within the row of maize was 20cm and in mungbean plant to plant distance was 15cm. So, it is essential to examine lower plant to plant distances in future studies.
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