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Abstract. Dimu-Heo YH, Indradewa D, Putra ETS, Purwanto BH. 2022. Growth and yield of maize in t’sen, a local wisdom of planting 
in one planting hole, typical cropping pattern of West Timor's, Indonesia. Biodiversitas 23: 2502-2511. West Timor farmers have a 
strategy to anticipate the short rainy season and relatively low rainfall, namely planting maize, cowpeas, and pumpkin together in one 
planting hole, known as the local wisdom t’sen cropping pattern or t’sen. This study aims to study the growth and yield of maize and 
obtain maize varieties that are adaptive to the t’sen. The research was conducted at the experimental garden of the Faculty of 

Agriculture, Universitas Gadjah Mada (UGM), Yogyakarta, from April to August 2019. The study was arranged using a split-plot 
design with three replications. The t’sen as the main plot consisted of: monoculture maize, maize + cowpea, maize + pumpkin, maize + 
cowpea + pumpkin, while the varieties as sub-plots consisted of local varieties of maize from Kupang, Timor Tengah Selatan (TTS), 
Timor Tengah Utara (TTU), Malaka, and superior varieties Lamuru, and Pioneer p35. The results showed that all maize varieties 
experienced decreased growth and production in the t’sen compared to monoculture. The lowest decrease in growth and yield occurred 
in one planting hole of maize + cowpea, followed by maize + cowpea + pumpkin, and the highest was maize + pumpkin. The TTS and 
Kupang varieties have the highest average growth and production, which shows their resistance to competition and stress in t’sen. 

Keywords: Cowpea, maize, marginal dryland, planting in one planting hole, pumpkin 

Abbreviations: M+C: maize+cowpea in t’sen cropping pattern; M+C+P: maize+cowpea+yellow pumpkin in t’sen cropping pattern; 
M+P: maize+pumpkin in t’sen cropping pattern; GW1000: weight of 1000 grain; GWP: grain weight per plant; PDW: plant dry weight; 
Yield: yield per hectare 

INTRODUCTION 

The area of West Timor generally has a choppy, 

undulating, and hilly topography with a slope of 10-45%. 

The agricultural approach is shifting cultivation every 2 to 
3 years, with a slash-and-burn system, especially during the 

land preparation stage (Kapa 2017). This condition causes 

agricultural land to be generally sensitive to erosion, low in 

nutrients (N, P, and K) and organic matter, and unstable 

soil aggregates (Basuki and de-Rosari 2017; Matheus et al. 

2017). Climatologically, West Timor has a dry climate with 

a long dry season (8-9 months) and a short rainy season (3-

4 months). The average number of rainy days is 96 days 

per year, with a total rainfall of 1760 mm per year, of 

which 64% of rainy days (62 days), and 70% of rainfall 

(1250 mm), occur in the rainy season, namely December-
March (BPS NTT 2018; BPTP NTT 2018). This condition 

describes a period without rain for two weeks every month 

during the rainy season, disrupting plant growth and yields. 

During this time without rain, maize plants generally 

experience leaf curling, indicating that the plant lacks 

water. 

In this relatively marginal environment, farmers in 

West Timor developed a distinctive maize cultivation 

technique, namely planting maize, cowpeas, and pumpkin 

simultaneously in one planting hole, which is acronymized 

as the "salome" (satu lubang rame-rame) cropping pattern, 

or in West Timorese (Dawan) language called “t’sen tabua 
bola mese” or “t’sen”. The t’sen cropping pattern is a 

unique and extreme form of mixed cropping. Mixed 

cropping is planting a mixture of two or more different 

crop species on a land unit, simultaneously (Teshome, 

2019). This cropping pattern is similar to Milpa and The 

Three Sisters, a cropping pattern that generally involves 

maize, beans and squash, which is an ancient way of 

growing maize introduced by indigenous Mesoamerican 

populations (Palacios-Rojas et al. 2020; Ngapo et al. 2021; 

Novotny et al. 2021). About 78% of the maize planted is 

generally of local varieties, while composite varieties 
Lamuru and hybrid varieties are 16% and 6%, respectively 

(Subagio and Agil 2013). The high use of local varieties is 

because they are more tolerant, their production is more 

stable in the face of marginal land stress, the shelf life of 

seeds is longer, they are resistant to warehouse pests, and 

result in good quality processed staple food (Hosang et al. 

2010). 

The socio-cultural cultivation of the t’sen cropping 

pattern is related to eating maize, beans, and pumpkins as 
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the staple food for the community, especially in rural areas. 

The harvest is generally stored for a year for food security. 

Technically, planting is done by planting one to two maize, 

cowpea, and pumpkin seeds in one planting hole. The 

planting combinations can be maize + cowpea + pumpkin, 

maize + cowpea, or maize + pumpkin, with the spacing 

generally being comprehensive and not uniform. Maize 

planting is generally done once a year, at the beginning of 

the rainy season, where rainfall is the primary source of 

irrigation. This is done to reduce the risk of failure and be 
more efficient in utilizing the availability of rainwater, 

time, and labor. In their growth, maize and pumpkin plants 

will benefit from the nitrogen fixation of cowpea plants. 

Maize stalks can act as a support for cowpea, while 

pumpkin plants with larger leaf sizes can cover the soil 

surface, thereby reducing evaporation and suppressing 

weed growth. On the other hand, this condition will 

increase plant competition, especially for water and 

nutrients in the root zone. 

Empirically mixed cropping has advantages over 

monocultures and requires adaptive research for its 
development (Silberg et al., 2017; Gaitán-Cremaschi et al. 

2019; Rodriquez-Robayo et al. 2020; Tilman 2021). 

Therefore, the research aimed to study the effect of 

cropping patterns and varieties on the growth and yields of 

maize, and obtain maize varieties that are adaptive to the 

t’sen cropping pattern. 

MATERIALS AND METHODS 

Plant varieties 

The study used six maize varieties, consisting of four 

local varieties of West Timor, one superior composite 

variety, and one superior hybrid variety. The local varieties 
are white grain maize from four districts with the highest 

maize production in West Timor, namely the local varieties 

of Kupang, Timor Tengah Selatan (TTS), Timor Tengah 

Utara (TTU), and Malaka, while the superior varieties used 

as comparisons were the composite Lamuru and the hybrid 

variety, Pioneer-p35. The cowpea variety used was a 

creeping growth type so that it would climb on the maize 

stalks for support.  

Research site and design 

The research was conducted in the experimental field of 

the Faculty of Agriculture, Gadjah Mada University, 

Yogyakarta, Indonesia, at the latitude and longitude 
coordinates are 70 48’ 17.4” S and longitude 1100 24’ 46” 

E, respectively, from April to August 2019. The research 

site is 100 m above sea level. Weekly observations of 

temperature and humidity were recorded 3-14 weeks after 

planting, in the morning, afternoon, and evening. 45 x 50 

cm polybags were used to simulate the relatively shallow 

(10-30 cm) soil conditions in West Timor, ± around 16 kg 

of planting media (a mixture of 7:1 soil:manure) was 

placed in the polybags to simulate the organic matter of 

slash-and-burn plant litter in land preparation carried out by 

farmers. The planting medium was analyzed for its 

physical and chemical characteristics before filling in the 

polybags. 

This study did not include monoculture planting of 

cowpea and pumpkin, in line with the local production 

system in which the two crops were always intercropped 

with maize. However, research has focused on maize and 

how t’sen crop patterns affect maize growth and yield. 

Therefore, cowpea and pumpkin yield characteristics are 
used as additional data for a comprehensive assessment of 

the t’sen cropping pattern. The study used a split-plot 

design with three blocks as replication. The t’sen cropping 

pattern was the main plot consisting of monoculture maize 

(M), and a t’sen planting pattern (co-planting in one 

planting hole); maize + cowpea (M+C); maize + pumpkin 

(M+P); and maize + cowpea + pumpkin (M+C+P), while 

the varieties as sub-plots consisted of local varieties of 

maize Kupang, TTS, TTU, Malaka, Lamuru (composite), 

and Pioneer p35 (hybrid). The distance between polybags 

was 75 cm in rows and 100 cm between rows, with a 
distance between replications of 2.5 m. 

According to the treatments, two seeds of each type of 

plant were planted in one planting hole. Two weeks after 

planting, thinning was done by leaving one plant for each 

type of plant in each planting hole. Plans were watered 

immediately after thinning and thereafter as and when 

needed, indicated by leaf curling, especially the upper 

leaves, and no fertilizers were. Both these practices 

simulated the field practices of farmers in West Timor. In 

order to maintain competition for growth resources 

(nutrients and water) and only sourced from planting media 
in polybags, pumpkin roots were pruned out of stems that 

propagated on the soil surface every two days. 

Observation 

Planting media and microclimate research site 

Planting media was analyzed at the BPTP Laboratory in 

Yogyakarta, Indonesia, for texture, pH (H2O), CEC, C-

organic, N-total, P-available, K-available, Na-available, Ca-available, and 

Mg-available. Microclimate was observations of weekly air 

temperature and humidity in the morning, noon, and 

afternoon. 

Plant growth and yield 

Plant growth as dry weight (PDW) was determined at 
nine weeks after planting (wap), and maize yield was 

determined as weight of grains per plant (GWP), the weight 

of 1000 grains (GW1000), and production ha-1 (Yield), in 

cowpea, seed production per hectare (Yield)and fruit 

production per hectare in pumpkin (Yield). The dry weight 

of the plant was calculated by drying in the oven at 900C 

until constant weight. The productivity of maize and 

cowpea seeds was calculated by weighing the yield of plant 

seeds after drying for two days in the sun until a moisture 

content of 12% was reached. 
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Figure 1. Geographical locations of the study area on the experimental field of the Faculty of Agriculture, Gadjah Mada University, 
Yogyakarta (latitude 7° 48’ 17.4” S and longitude 110° 24’ 46” E) 
 

 

Selection of adaptive varieties in t’sen cropping patterns 
Under mixed cropping conditions, plants experience 

stress in the form of abiotic stresses such as light, nutrients, 

water, light and temperature, and biotic stress due to the 

presence of other plants and pests, or even a high 

concentration of heavy metals (Choudhary et al. 2016; 

Dhar et al. 2013; Taberima et al. 2020; Wang et al. 2017). 

In this study, all plants were under stress due to the 

marginal conditions of the growing media (without 

additional fertilization) and the limited supply of water. 

However, under t’sen planting conditions, the plants 

experience relatively more stress than the monoculture 
cropping pattern due to cowpea and pumpkin. Therefore, in 

the interest of obtaining more tolerant varieties of the t’sen 

cropping pattern, it is assumed that the monoculture pattern 

with relatively less stress is the condition without stress, 

and the t’sen cropping pattern is the condition with stress. 

The selection of tolerant maize varieties was based on the 

seed yield of each maize variety. The tolerance level was 

calculated as Stress Tolerance Index (STI) (Fernandez 

1992) and the Harmonic Index (HARM) (Jafari et al. 

2009). 

Data analysis 

Data were statistically analyzed using a two-way 
Analysis of Variance (ANOVA), and Tukey's HSD 

evaluated the mean differences. Stepwise correlation and 
regression were used to identify the effect of the different 

parameters. All analysis was performed in SAS 9.4. The 

observational data of cowpea and yellow pumpkin were not 

analyzed for variance and were presented as 

complementary data. 

RESULTS AND DISCUSSION 

Physical and chemical characteristics of growing media 

and the environment microclimate during the study  

The result of the laboratory analysis for the growing 

media used in this study indicated that the textural class of 

the growing media was sandy loam texture class. Further, 
the soil reaction (pH) was slightly acid, medium cation 

exchange capacity (CEC), low organic matter content, low 

total nitrogen content, high available phosphorus, medium 

exchangeable potassium, medium exchangeable sodium, 

medium exchangeable calcium, and medium available 

magnesium (Table 1). Microclimate observations during 

the study showed the average weekly air temperature was 

27.6, 37.1, and 30.20C, with humidity of 65.3, 51.8, and 

54.9%, in the morning, noon, and afternoon, respectively. 

 

 
 
Table 1. Physical and chemical characteristics of growing media 
 

Physical characteristic Chemical characteristic 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

pH 

(H2O) 

CEC 

(cmol(+)kg-1) 

Organic 

carbon 

(%) 

N (%) 
P 

(ppm) 

K 

(cmol(+)kg-1) 

Na 

(cmol(+)kg-1) 

Ca 

(cmol(+)kg-1) 

Mg 

(cmol(+)kg-1) 

57.23 26.24 16.53 6.4 19.19 1.14 0.11 19 0.4 0.62 9.16 1.57 
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Growth, yield, and yield components of crops in the 

t’sen cropping pattern 

Maize plant 

The growth and yield characteristics of maize were 

significantly influenced by the interaction of the treatments 

(Table 2). The growth character of PDW, the character of 

the GWP, and the highest yield were obtained in a 

monoculture cropping pattern followed by a t’sen cropping 

pattern of M+C, M+C+P, and the lowest was in the t’sen 

cropping pattern M+P, while the highest GW1000 
characters were produced in the t’sen cropping pattern 

M+C compared to monoculture and the t’sen cropping 

pattern M+C+P and M+P.  

In monoculture, the PDW of maize plants differs 

between varieties. The TTS variety had the highest PDW 

that was different from all other varieties, followed by the 

Pioneer, Kupang, and Malaka varieties, which had 

relatively the same PDW and was higher than the Lamuru. 

The lowest was the TTU variety. Compared to 

monoculture, the t’sen pattern of M+C resulted in a 

decrease in PDW of all maize varieties, except the TTU 
variety, which produced a PDW that was relatively the 

same as the monoculture. In general, the response of maize 

varieties to the t’sen cropping pattern of M+C can be 

divided into two groups. The group that experienced a 

significant decrease in PDW was the Kupang, TTS, 

Malaka, Lamuru, and Pioneer varieties, and the group that 

did not experience a significant decrease in PDW was the 

TTU variety. All varieties of maize also showed a 

significant decrease in PDW in the t’sen cropping pattern 

M+P and M+C+P, and included in the group experienced a 

significant decrease in PDW.  
T’sen cropping pattern M+C resulted in differences in 

PDW responses between maize varieties. The Kupang 

variety had the highest PDW that was different from all 

other varieties, followed by the TTU variety, which was 

different from the Malaka, TTS, and Pioneer varieties, 

having the same relative PDW lowest was the Lamuru 

variety. Meanwhile, the t’sen M+P cropping pattern also 

resulted in different PDW responses divided into three 

groups of maize varieties. The first group that experienced 

a significant decrease in PDW were local varieties of 

Kupang, TTS, TTU, and Malaka, the second group that did 

not experience a significant decrease in PDW, namely the 
Pioneer variety, and the third group experienced an 

increase in PDW although not significantly, namely the 

Lamuru variety.  

The different PDW response was also observed in the 

t’sen pattern of M+C+P. The Kupang, TTS, and Pioneer 

varieties produced the same PDW and were higher than the 

TTU, Malaka, and Lamuru varieties. However, compared 

to the t’sen cropping pattern M+C+P, the t’sen cropping 

pattern M+C resulted in a significantly increased response 

of PDW in all local varieties, namely Kupang, TTS, TTU, 

Malaka, and Lamuru hybrid varieties. In contrast, the 
Pioneer hybrid variety did not produce a significant 

increase. Similar observations were also recorded in the 

t’sen pattern of M+C, which resulted in a significant 

increase of PDW in all varieties, except the TTS variety, 

and Pioneer, which experienced an insignificant increase in 

PDW. 

Differences in responses between varieties to cropping 

patterns were also seen in the GWP. In monoculture, the 

GWP differed between varieties. For example, the TTS and 

Kupang varieties produced relatively the same GWP, 

significantly higher than the Pioneer, Lamuru, Malaka, and 

TTU varieties. However, planting in one planting hole in 

t’sen cropping patterns M+C, M+P, and M+C+P resulted in 

differences in the response of GWP in all maize varieties. 

In general, the responses of maize varieties when planting 
in t’sen cropping patterns can be divided into two groups. 

The first group which experienced a significant decrease 

was the varieties of TTS and Kupang, and the second group 

which did not experience a significant decline was the 

varieties of Pioneer, Lamuru, Malaka, and TTU. 

The t’sen pattern M+C resulted in differences in GWP 

between maize varieties. The TTS, Kupang, and Lamuru 

varieties produced relatively the same GWP and were 

significantly higher than the TTU, Lamuru, and Malaka 

varieties. Compared to the t’sen pattern of M+C, the t’sen 

pattern of M+P resulted in a significant decrease in GWP in 
the TTS and Pioneer varieties, while the Kupang, TTU, 

Malaka, and Lamuru varieties did not experience a 

decrease in GWP. The response to differences in GWP 

between varieties was also seen in the t’sen pattern of 

M+C+P. The Kupang and TTS varieties produced 

relatively the same GWP and were significantly higher than 

the TTU, Malaka, Lamuru, and Pioneer varieties. The yield 

character of GWP in the t’sen M+C+P cropping pattern 

was relatively the same as the GWP for each variety in the 

M+C pattern because it experienced an insignificant 

decrease. A non-significant decreasing trend was also seen 
for all varieties in the t’sen pattern of M+P, except the TTS 

variety, which resulted in a significant decrease. This 

shows that the planting conditions of M+C+P, which are 

denser in plant population, did not result in a decrease in 

GWP of all maize varieties, compared to planting M+C and 

M+Pn, except for the TTS variety, where the GWP was 

lower in the M+P cropping pattern. 

Under monoculture conditions, the GW1000 differed 

between varieties. However, all local varieties, namely 

Kupang, TTS, TTU, and Malaka, produced relatively the same 

GW1000, significantly higher than Lamuru and Pioneer 

varieties. Compared to monoculture, the t’sen pattern of 
M+C resulted in an increase in GW1000 for all maize 

varieties, although not significantly, except for the Malaka 

variety, which experienced a decrease in GW1000, although 

not significantly. The t’sen pattern M+P resulted in a 

decrease in GW1000 in all varieties, although it was not 

significant, except for the TTU and Malaka varieties, which 

experienced an increase in GW1000 although it was not 

significant. The t’sen pattern M+C+P resulted in a decrease 

in GW1000 for all varieties, although not significantly. The 

most significant decline occurred when maize was grown 

in the t’sen cropping pattern with pumpkin. 
In the t’sen cropping pattern M+C, there was also a 

difference in GW1000 between varieties. The local 

varieties of Kupang, TTS, TTU, and Malaka, yielded a 

GW1000, which were relatively the same and significantly 

higher than the superior varieties of Lamuru and Pioneer. 
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The t’sen pattern M+P resulted in a difference in GW1000 

of all maize varieties compared to the planting of the t’sen 

pattern M+C. The TTS varieties experienced a significant 

decrease, while the Kupang, TTU, Malaka, Lamuru, 

Lamuru, and Pioneer varieties did not experience a 

significant decrease in GW1000. The same trend also 

occurs in the conditions of planting M+C+P. All local 

varieties have a GW1000 the same or higher than the 

superior varieties. The GW1000 in the t’sen pattern 

M+C+P experienced an insignificant decrease and was 
relatively the same as that produced by each variety in the 

t’sen pattern of M+C. Therefore, different conditions occur 

when planting the t’sen cropping pattern M+P. Under these 

conditions, maize varieties can be grouped into two groups. 

The first group was the group that experienced an increase 

in GW1000 which was not significant, namely the Kupang, 

TTS, Malaka, and Pioneer varieties, and the second group 

experienced an insignificant increase in the GW1000, 

namely the TTU and Pioneer varieties. 

In monoculture conditions, maize varieties resulted in 

differences in yield. The TTS and Kupang varieties 
produced relatively the exact yield, significantly higher 

than the Pioneer, Lamuru, Malaka, and TTU varieties. 

However, the t’sen pattern resulted in a different response 

to the decrease in Yield between each variety compared to 

the monoculture pattern. As a result, the TTS and Kupang 

varieties experienced a significant decrease, so the yield 

was lower than the monoculture. In contrast, the Pioneer, 

Lamuru, Malaka, and TTU varieties did not experience a 

significant decrease, so the yield of each variety was 

relatively the same as the Yield in monoculture. 

Under the t’sen cropping pattern of M+C, the Yield of 
maize did not differ between TTS, Kupang, and Pioneer 

varieties but was significantly higher for TTU, Lamuru, 

and Malaka varieties. The t’sen pattern M+P resulted in a 

different Yield of all varieties compared to the t’sen pattern 

M+C. The TTS and Kupang varieties experienced a significant 

decrease in Yield, while the TTU, Malaka, Lamuru, and 

Pioneer varieties had relatively the exact yield. 

The response to the difference in Yield between 

varieties was also seen in the planting conditions of the 

t’sen pattern of M+C+P. The Kupang and TTS varieties 

produced the exact yield and were significantly higher than 

the TTU, Malaka, Lamuru, and Pioneer varieties. Yield in 
the t’sen pattern of M+C+P was relatively the same as that 

of M+C, except for the Pioneer variety, which resulted in a 

significantly lower Yield. In the t’sen cropping pattern 

M+P, all varieties, except the TTS variety, produced Yield 

which was relatively the same as that produced in the t’sen 

cropping pattern M+C+P, while the yield of the TTS 

variety was significantly lower.  

The results showed a positive linear relationship 

between Yield with PDW and GWP, while the GW1000 

had an insignificant positive correlation with crop yields. 

Furthermore, the multiple regression analysis (Tabel 3) 
resulted in the following equation for predicting Yield of 

maize-based on PDW, GWP, and W1000 in the t’sen 

cropping pattern: 

Yield = 0.9939ns + 0.00002305 PDW** + 0.02661 

GWP** + 0.00000546 W1000ns; R2 = 0.99, Adj R2 = 0.99. 

Cowpea and pumpkin plants 

Table 4 shows the grain yield of cowpea and fruit yield 

in pumpkin, which were different in the t’sen cropping 

pattern and the maize varieties planted with them in one 

planting hole. 

Grain yield per hectare of cowpea was different when 

planted with the t’sen cropping pattern M+C with all maize 

varieties. The higher yields were produced successively on 

planting with Malaka variety, followed by planting with 

TTU, Pioneer, Lamuru, and TTS varieties, and the lowest 
on planting with Kupang variety. On the other hand, the 

t’sen cropping pattern M+C+P resulted in a decreased yield 

of cowpea when planted with all varieties of maize 

compared to the M+C cropping pattern. In general, 

cowpea's grain production per hectare was higher in the 

t’sen cropping pattern M+C when planted with the Malaka 

variety and lowest in the t’sen cropping pattern M+C+P 

when planted with the Kupang variety.  

Meanwhile, different yield tendencies were also seen in 

pumpkin's fruit yield per hectare. In the planting conditions 

with the t’sen cropping pattern of M+P, the highest yields 
were produced with Lamuru, followed by Malaka, TTU, 

Pioneer, and Kupang varieties, and the lowest was planted 

with TTS varieties. On the other hand, the t’sen cropping 

pattern of M+C+P resulted in a decreasing trend of 

pumpkin yields when planted with all varieties of maize, 

compared to the t’sen cropping pattern of M+P. In general, 

fruit yields per hectare of pumpkin tended to be higher in 

the t’sen cropping pattern M+P when planted with the 

Malaka variety, and the lowest was in the t’sen cropping 

pattern M+C+P when planted with the Kupang variety. 

The level of tolerance of maize varieties to stress in the 

t’sen cropping pattern 

The results showed differences in the tolerance level of 

maize varieties to stress in the t’sen cropping pattern, which 

was seen from the STI and HARM values (Figure 2).  

Stress tolerance index (STI) 

The high STI value was shown by all maize varieties in 

the t’sen cropping pattern M+C, followed by M+C+P, and 

the lowest was in the M+P cropping pattern. In the t’sen 

cropping pattern of M+C, and M+C+P, the TTS and 

Kupang varieties were categorized as tolerant varieties 

(STI>1.0), while other varieties were categorized as 

moderately tolerant (0.5>STI≤1.0). In the t’sen cropping 
pattern M+P, the TTS variety was categorized as a tolerant 

variety, while the other varieties were moderately tolerant. 

Harmonic index (HARM) 

The HARM value showed the same trend as the STI 

value; that is, the highest value was shown by all maize 

varieties in the t’sen cropping pattern M+C, followed by 

the M+C+P cropping pattern, and the lowest was the M+P 

cropping pattern. The TTS variety had the highest HARM 

value, followed by the Kupang variety compared to other 

varieties in all cropping patterns. The Malaka variety 

showed the lowest HARM value in all cropping patterns. 
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Table 2. Growth at nine wap, and yield characters of maize as affected by t’sen cropping system and maize varieties 
 

T’sen cropping pattern 
Maize varieties / growth and yield characters of maize 

Kupang TTS TTU Malaka Lamuru Pioner 

Plant dry weight (g plant-1)  
Maize (M) 200.87b 235.37a 168.74ef 190.29cb 183.01cd 203.03b 
Maize + Cowpea (M+C) 171.97de 135.75gh 158.04f 140.42g 116.55ijk 128.53ghi 
Maize + Pumpkin (M+P) 156.74f 121.45ijk 111.50jk 108.68k 118.65ijk 125.04hi 

Maize + Cowpea + Pumpkin (M+C+P) 118.65ijk 122.15ij  76.21l  81.94l  69.64l 121.06ijk 

Grain weight (g plant-1)  
Maize (M) 112.44a 116.85a 100.43b-f 100.16b-g 102.03bcd 104.78b 
Maize + Cowpea (M+C) 104.65bc 104.69b  97.38c-g  95.62efg  96.14d-g 103.17bc 
Maize + Pumpkin (M+P)  97.72c-g  97.13c-g  94.55fg  94.51fg  94.97fg  95.03fg 
Maize + Cowpea + Pumpkin (M+C+P) 103.31bc 101.60b-e  94.77fg  93.91g  94.94fg  95.10fg 

Weight of 1000 grain (g)  
Maize (M) 363.83a-d 403.81ab 348.34a-e 418.83ab 276.42e-h 236.66fgh 

Maize + Cowpea (M+C) 364.13a-d 423.27a 373.40abc 401.74ab 284.32d-g 245.16fgh 
Maize + Pumpkin (M+P) 313.68cde 340.01b-e 352.78a-e 344.38a-e 279.84e-h 235.54fgh 
Maize + Cowpea + Pumpkin (M+C+P) 345.77a-e 398.38ab 316.23c-f 372.61abc 228.73gh 201.62h 

Yield of grain (t ha-1)  
Maize (M) 3.00a 3.12a 2.68b-f 2.67b-f 2.72bcd 2.79b 
Maize + Cowpea (M+C) 2.79b 2.79b 2.60c-g 2.55efg 2.56d-g 2.75bc 
Maize + Pumpkin (M+P) 2.61c-g 2.59c-g 2.52fg 2.52fg 2.53fg 2.53fg 
Maize + Cowpea + Pumpkin (M+C+P) 2.75bc 2.71b-e 2.53fg 2.50g 2.53fg 2.54fg 

Note: The same letter in each column were not significantly different based on Tukey’s test (p>0.05) 
 
 
Table 3. Coefficient correlation between growth and yield characters of maize 
 

Characters PDW GWP W1000 Yield 

PDW 1.00 0.78** 0.27ns 0.78** 
GWP  1.00 0.32ns 0.99** 
W1000   1.00 0.32ns 
Yield    1.00 

Note: **, *: significant correlation at the 0.01, and 0.05 probability level, respectively; ns: non-significant 
 
 
Table 4. The yield of cowpea and pumpkin, as affected by t’sen cropping system and maize varieties 

 

T’sen cropping pattern 
Maize varieties 

Kupang TTS TTU Malaka Lamuru Pioner 

Grain yield of cowpea (t ha-1)  
Maize + Cowpea (M+C) 0.922 1.034 1.190 1.212 1.071 1.078 
Maize + Cowpea + Pumpkin (M+C+P) 0.806 0.867 0.999 1.043 0.960 0.883 

Fruits yield of pumpkin (t ha-1)  
Maize + Pumpkin (M+P) 10.38 9.61 12.05 12.10 14.71 11.84 
Maize + Cowpea + Pumpkin (M+C+P) 8.95 9.16 10.89 11.82 12.31 10.31 

 
 

 
A B 

Figure 2. Stress tolerance value of maize as affected by t’sen cropping pattern and varieties; A: STI, B: HARM 
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Discussion 

Cultivation of the t’sen cropping pattern results in plant 

competition for growth resources. Higher competition, 

especially for underground resources, namely nutrients and 

water, while above-ground competition is relatively small 

because the three plants are morphologically arranged with 

different spatial strata. Maize plants occupy the top spatial 

strata because of their higher morphology, cowpea plants in 

the middle strata with their stems supported by the maize 

stalks, and pumpkin plants occupy the lowest spatial strata 
with their stems and leaves on the soil surface. The high 

competition below the soil surface occurs because plant 

roots will be in relatively the same zone due to planting in 

one planting hole, with relatively limited planting media 

conditions (in polybags), relatively low nutrient content, 

and limited water supply. 

The results of the physical and chemical analysis of the 

growing media (Table 1), the absence of additional 

fertilization during plant growth, as well as the application 

of water when the plants experience leaf curl as a sign that 

the plant is starting to lack water, may not be fully 
representative but adequately describe the marginal 

conditions of the land. This is also reflected in the low 

yields of maize varieties Lamuru and Pioneer, namely 2.72 

and 2.79 tons ha-1 on a monoculture cropping pattern, 

compared to the potential yields of 7.6 and 12.1 tons ha-1, 

respectively.  

Plant growth and development components of the t’sen 

cropping pattern 

In environmental conditions such as marginal dry land, 

the presence of bean plants is expected to alleviate nutrient 

limitations, especially nitrogen, through its fixation ability. 
In contrast, the presence of pumpkin is expected to 

suppress evaporation through ground cover because of its 

stems and leaves that propagate along the soil surface. On 

the other hand, cowpea and pumpkin in the t’sen cropping 

pattern will increase plant populations and interactions 

between and within plants to obtain nutrients, water, light 

and space for growth. These plant interactions can be 

competitive, complementary, and supplementary (Duchene 

et al. 2017; Wang et al. 2017; Justes et al. 2021: Ren et al. 

2021).  

The highest PDW was shown by all maize varieties in 

the monoculture and decreased in the t’sen cropping 
pattern. The highest decrease in PDW was in the t’sen 

cropping pattern M+C+P shown by the Lamuru variety by 

61.9%, the TTS variety by 48.4% in the M+P cropping 

pattern, and the Pioneer variety by 36.7% in the M+C 

cropping pattern. This condition shows that the Lamuru 

variety experiences higher stress than other varieties in the 

t’sen cropping pattern with marginal conditions. Marginal 

conditions of the growing media, cause competition for 

growth resources (such as nutrients and water) in the t’sen 

cropping pattern is higher than monoculture because it 

involves two or three plants. Competition between maize x 
cowpea, maize x pumpkin, and maize x cowpea x pumpkin, 

resulted in the number of growth resources obtained by 

each plant being smaller than maize in monoculture 

cultivation. Reduced nutrients as raw materials for the 

formation of plant tissue, while reduced water causes a 

physiological response to stomatal closure to reduce water 

loss and results in a reduction in the rate of photosynthesis, 

both of which cause a decrease in plant tissue growth 

which is characterized by a decrease in PDW. The higher 

PDW of maize in the monoculture cropping pattern is 

thought to be due to the lower plant population density, so 

that plants can more easily obtain resources such as 

nutrients, water, light, and growing space and are more 

profitable for their growth. These results are in line with 

several previous studies that low population density and the 
ability of maize varieties to respond to environmental 

conditions result in higher plant growth (Habte et al. 2016; 

Schwalbert et al. 2018). 

Meanwhile, when t’sen cropping patterns were 

compared, higher PDW was shown in the t’sen cropping 

pattern M+P compared to M+C+P. This is presumably 

because the presence of cowpea in the t’sen cropping 

pattern M+C, and the t’sen cropping pattern M+C+P can 

increase the availability of nitrogen nutrients with their 

nitrogen fixation ability (Thilakarathna et al. 2016), 

although not yet fully able to meet the needs of the three 
crops (maize, cowpea, and pumpkin) to increase their 

growth in the t’sen planting pattern of M+C+P. This 

nitrogen fixation contributes to agricultural soil fertility, 

especially in conditions of low soil nitrogen availability, 

such as on marginal lands (Thilakarathna et al. 2016; Dong 

et al. 2018; Kermah et al. 2018; Kermah et al. 2019). 

However, the higher PDW in the M+P cropping pattern is 

due to the minor effect of plant density in the cropping 

pattern than the t’sen M+C+P cropping pattern, which 

affects the competition for resource utilization, and will 

affect plant growth. Therefore, decreasing PDW will 
ultimately reduce crop production per hectare due to the 

increasing number of seeds that fail to develop due to 

reduced production of reproductive organs (silks), and 

photosynthate for filling the seeds (Adee et al. 2016; 

Fernandez and Ciampitti 2021; Liu et al. 2020). 

On the other hand, cowpea and pumpkin showed 

different growth tendencies in the t’sen cropping pattern. 

The PDW of cowpea plants was 10.2% higher in the t’sen 

M+C than the M+C+P cropping pattern, while the PDW of 

pumpkin plants was relatively the same in the M+C+P 

cropping pattern and M+C. This is presumably because the 

presence of cowpea in the cropping pattern of M+C and 
M+C+P can increase the availability of nitrogen nutrients 

to provide better growth for cowpeas and pumpkin in both 

t’sen patterns.  

The yield of the components plant of the t’sen cropping 

pattern 

The difference in PDW of the plant resulted in 

differences in the production character per hectare of the 

component of the t’sen cropping pattern. (Tables 2 and 4). 

The results showed that PDW correlated with maize yield. 

This is in line with da Silva et al. (2020), that grains are the 

result of the product of an accumulation of development 
and part of the allocation of biomass (PDW) to grains. The 

GWP of maize ranged from 100.2 - 112.4 g plant-1 on 

monoculture and 93.9 - 104.7 g plant-1 on t’sen cropping 

pattern. The GW1000 maize ranged from 245.2 - 423.3 g 
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plant-1 on the t’sen M+C cropping pattern and 201.6 - 418.8 

g plant-1 on the other cropping patterns. Maize production 

ranged from 2.7 - 3.1 t ha-1 on a monoculture cropping 

pattern and 2.5 - 2.7 t ha-1 on a t’sen cropping pattern. The 

same results were also reported by Hosang et al. (2010) 

that the weight of 1000 maize seeds of local varieties 

ranged from 250 - 400 g plant-1, and crop production per 

hectare was between 2.7 - 3.0 t ha-1. Meanwhile, for 

comparison, the average production per hectare of maize 

under the Three Sisters or Milpa cultivation system (a 
planting system similar to the t’sen system) was 2.93, and 

1.80 tonnes ha-1 (Pleasant 2016; Lopez-Ridaura et al. 

2021). 

Generally, the GWP and the highest Yield per hectare 

of maize were produced in the monoculture and decreased 

in the t’sen cropping pattern. A decrease in PDW will 

ultimately reduce crop production per hectare due to the 

increasing number of grains that fail to develop due to 

reduced production of reproductive organs (silks), and 

photosynthate for filling the grains (Adee et al. 2016). The 

same results have been previously reported that grain 
weight per plant and seed production per hectare of maize 

in monocultures was higher than in intercropping (Kamara 

et al. 2019; Kermah et al. 2018). The decrease in GWP and 

Yield per hectare was shown by the TTS varieties, namely 

16.9, 13.1, and 10.4%, respectively in the monoculture, and 

the t’sen cropping pattern M+P, M+C+P, and M+C. The 

opposite condition was shown in the GW1000, higher in 

the t’sen M+C cropping pattern than in the monoculture 

and other t’sen cropping patterns. The highest GW1000 

was produced in the t’sen cropping pattern M+C, which 

were 2.1, 10.8, and 10.9% higher, respectively, than the 
monoculture, the t’sen M+C cropping pattern, and M+C+P. 

This is presumably due to the lower plant population 

density in the monoculture cropping pattern so that it is 

easier for plants to obtain resources such as nutrients and 

water, which will be more profitable for plant growth (Gutu 

2017), and nitrogen fixation by cowpea in the cropping 

pattern with cowpea can increase soil nitrogen. This case 

can support the filling of maize grains to be more optimum 

while planting M+C+P. This increase in soil nitrogen has 

not increased the GW1000 due to the higher plant density. 

The TTS varieties are pretty competitive in acquiring these 

resources. Hosang et al. (2010) found that nitrogen 
fertilizer up to 90 kg ha-1 in maize cultivation in West 

Timor had no effect on seed production of maize but did 

affect the weight of 1000 maize grains. This study also 

showed that an increase in GW1000 in the pattern of 

M+C+P could not increase yield per hectare, presumably 

because grain production per hectare of maize was more 

related to the number of grains planted than the grain size. 

This is in line with Edmeades et al. (2017) that grain yield 

per plant is more strongly related to the number of grains 

per plant than weight per grain, especially when plants are 

under stress. 
On the other hand, planting cowpeas and pumpkins, 

apart from increasing plant density, is also an additional 

benefit of the t’sen cropping pattern in terms of total 

production and yield diversity. When planted with all 

maize varieties in the t’sen cropping pattern, the two crops 

showed the exact yield characteristics. However, the 

cowpea plants showed a higher trend of seed production 

per hectare on M+C cultivation than M+C+P when planted 

with all maize varieties. This is thought to be due to the 

lower population density of the t’sen M+C cropping pattern 

than the M+C+P cropping pattern, so resource utilization is 

more profitable between the two crops. The same trend is 

also seen in pumpkin plants. Pumpkin plants showed 

higher fruit production per hectare in the M+P cropping 

pattern than M+C+P. This shows that the presence of 
cowpea with its fixation ability in the cropping pattern of 

t’sen M+C+P has not been able to produce nutrient 

dynamics that can increase pumpkin fruit production due to 

higher plant density conditions. 

The level of tolerance of maize varieties to stress in the 

t’sen cropping pattern 

The level of plant tolerance to stress accumulation in 

the t’sen cropping pattern was seen in the different values 

of STI and HARM (Figure 2). STI and HARM values are 

related to the ability of maize varieties to produce high 

production under stress conditions.  
The results of this study indicate that the STI and 

HARM values can describe the ability of maize varieties to 

have high yields under the stress of the t’sen cropping 

pattern. Furthermore, the higher the STI and HARM 

values, the higher the yield of each maize variety. These 

results are in line with Efendi and Azrai's results (2015) 

that the stress tolerance index values of STI and HARM are 

highly correlated with maize grain yield and can be used to 

select maize varieties with high productivity under stress 

conditions. 

In general, the results showed that the growth and 
production of all maize varieties decreased in the three 

t’sen cropping patterns compared to the monoculture. The 

cropping pattern of t’sen M+C resulted in decreased PDW 

and low yields. The planting pattern of M+C+P showed a 

moderate decrease, while the decrease in growth and high 

yields occurred in the planting pattern of t’sen M+P. There 

is a possibility that this is related to the presence of cowpea 

in the t’sen cropping pattern with its nitrogen fixation 

ability, thereby suppressing the decrease in growth and 

yield of the t’sen M+C cropping pattern, even in the 

M+C+P cropping pattern. The local varieties of TTS and 

Kupang have the highest average grain production per 
hectare compared to other varieties, which indicates that 

these two varieties are relatively more resistant to stress 

accumulation and competition in the t’sen cropping pattern. 

Although these two varieties have high STI stress tolerance 

and HARM values, they can be designated as adaptive 

varieties for t’sen cropping patterns. These two varieties 

can be used as genetic resources to further develop 

tolerance breeding programs on marginal land and 

intercropping patterns. The production of cowpea and 

pumpkin is an additional advantage obtained in the t’sen 

cropping pattern compared to the monoculture cropping 
pattern. The highest total production was produced in the 

t’sen M+C+P cropping pattern, followed by the M+C 

cropping pattern, and the lowest was M+P so that it can be 
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used as an alternative cropping pattern in dry land and for 

further development. 
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