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  Abstract 
Field experiments were conducted to evaluate the response of climate-smart 
agriculture (CSA) techniques to effects of climate change, i.e., dry spells on ma-
ize seed production. The trials evaluated growth characteristics, yield, and seed 
quality parameters. CSA techniques such as minimum tillage with dead mulch, 
zero tillage with mulch, minimum tillage with roundup, pit planting, zero tillage 
with live cover and control (conventional farming) were laid off in RCBD with 
four replicates. Results indicated that CSA techniquessignificantly increased 
plant height, the number of leaves, leaf area, leaf area index, total dry matter ac-
cumulation, yield and yield components even though the cropping season was 
associated with prolonged dry spells. Maize seed grown under minimum tillage 
with dead mulch (maize stover as a cover) significantly increased production of 
maize seed with dry cob yield (8.92 ton ha-1), seed grain yield (4.45 ton ha-1), 
1000-seeds weight (386.9g), and highest germination percentage, seed vigor in-
dex and germination energy of 1,127 and 80.24%, respectively. Maize seed can 
be produced under climate-smart agriculture techniques and still maintain high 
seed quality than under conventional system. 
 
Keywords 
Germination Rate, Seed Vigour Index, Leaf Area Index, Minimum tillage, mulch-
ing, Zero tillage 

 
1. Introduction 

Maize (Zea mays L.) is the most important grain crop in Southern Africa and is produced throughout the region under 
diverse environments. It is produced on average land of 65% of total arable land [1]. Maize production can be success-
fully produced if the correct production inputs are applied that can sustain the environment. Basically, production inputs 
may include good quality seed, adapted cultivars, correct plant population, and applying appropriate agronomic practices. 

The production of good quality seed under harsh conditions has a detrimental effect more especially if the dry spell 
occurs during the grain filling stage. Due to the increase in temperature in combination with more severe and predomi-
nantly droughts or dry spells, have profoundly reduced soil water available for plant use. Studies have shown that soil 
moisture will decline by 25% in southern Africa due to more and frequent droughts [2]. Increasing temperatures have 
shorten the crop growth period and increase plant water potential demands through higher transpiration rates, thereby 
potentially reducing plant production[3, 4]. Furthermore, increasing temperatures have directly affected crop production 
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through heat waves, and this has large impact on crop production more especially when coupled with low soil moisture 
during grain filling and can eventually affect final seed quality [5]. 

The concepts of CSA have been developed based on conventional agricultural systems, CSA may include pit planting, 
zero or minimum tillage, maintenance of soil cover through a cover crop or mulching with dead or live cover crop and 
crop rotation [6]. Since its introduction by the FAO of the United Nations, CSA has been accepted as one of the agri-
cultural innovations that delivers one or more of the three pillars of conservation farming. The use of conservation 
agriculture has been driven by increased soil degradation more especially in the tropics and subtropical areas where 
crop yield is relatively lower due low soil organic matter, limited use of fertilizer and recurrent droughts [7] [8]. Pit 
planting has been developed from indigenous knowledge, the technique is a climate-smart soil and water conservation 
technology [8] [9]. It basically involves digging pits that are 20-40 cm diameter and 10-15 cm depth to accumulate and 
store water during plant growth with or without the application of organic manure, plant residues and or animal manure 
[10].  

As climate change effects intensify, unpredictable rainfall patterns, frequent droughts, run-off, and rising tempera-
tures affect agricultural production. Therefore, reducing or minimizing tillage activities and maintain adequate soil cov-
er through mulching provide multiple benefits to a farmer in dealing with climate related risks. Some of the benefits 
include reduced run-off, increased water infiltration, improve soil organic matter and soil moisture retention thereby 
maintaining smooth plant growth during dry spells [11]. The effects of high temperatures and soil water deficit have 
been studied and they cause a great reduction in yield and quality [5]. However, drought/dry spells and heat stress occur 
concurrently in a production system, and their combined effects on crop development and growth are less understood in 
as far as maize seed production is concerned. Therefore, analysis of different climate-smart agriculture techniques was 
carried out to identify and characterize techniques that have high productivity and stress resistance towards maize seed 
production and maintaining final maize seed quality under current climatic change conditions. 

2. Materials and methods 
2.1. Location 

The study was conducted in Chipala Extension Planning Area located at Latitude -13° 01' 60.00" S and Longitude 
33° 28' 59.99" E Kasungu district, Malawi in 2017/18 growing season. Kasungu District has a warmer tropical climate 
characterized by a unimodal rainfall pattern, it receives erratic rains between 500-1,200mm per annum. The district is 
located at an attitude of 1,300 meters above sea level, with undulating landscape and an annual minimum temperature 
of 19-23°C of which in the recent years has risen to up to 31°C due to climate change. The area has predominantly oxi-
sols, ultisols, and alfisols soils which are fertile with substantial potential for maize production [5]. 

2.2. Experimental design 
The experiment was arranged in a randomized complete block design (RCBD), replicated four times with individual 

plot sizes of 6 m×5 m (30 m2). A composite maize cultivar ZM621which was sourced from Chitedze research seed bank 
was used in this experiment. The seed was planted on the 6th December 2018 spaced at 75 cm×25 cm. One maize seed 
was sown per planting station and was later supplied where it did not emerge. 

2.3. The experimental treatments 
2.3.1. Convectional/Farmer’s practice (control treatment) 

Treatment plots were tilled manually using a hand hoe for ridge preparation without the use of additional external 
inputs. Weeds were controlled by handhoe twice after maize emergence [5]. 
2.3.2. Zero tillage with Live cover mulch 

Treatment plots were not tilled. Arachis pintoi accession CIAT 18744 was used as a cover crop that was sourced 
from Bunda college. Arachis was planted on 2nd December at the onset of the rain season, spaced at 20 cm×20 cm (one 
seed per hole) two weeks prior to maize planting. Arachis was maintained as permanent live ground cover for the dura-
tion of the experiment until harvesting of maize. 
2.3.3. Zero tillage with roundup 

Treatment plots were not tilled; however, previous ridges were used to plant maize seed. Roundup was used to kill 
weeds, and later the seed was planted [29]. 
2.3.4. Zero tillage with dead mulch 

Maize stover from the previous harvest were used to cover the soil, at least a 10-15cm thickness was used to make 
sure that the soil is not exposed [30]. 
2.3.5. Minimum tillage with dead mulch 

The land was tilled with the hoe at an estimated depth of 15-25cm, maize stover of the previous growing season was 
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used to cover the soil. 
2.3.6. Pit planting 

Pits were dug measured 20-40 cm in length and 10-15 cm depth to accumulate and store water during plant growth 
without the application of organic manure, plant residues and animal manure [10] as in other treatments. Basically, four 
seeds were planted in each pit at the corner of the pit. Other agronomic practices such as weeding, fertilizer application 
and isolation distance for OPV varieties were maintained. 

Determination of growth, yield, and seed quality parameters which include; plant growth parameters such as plant 
height (cm), number of leaves, leaf area per plant (cm2) leaf area index (LAI) and total dry matter (ton h-1). Total dry 
matter (TDM) was determined by oven-drying packed in a brown envelope at a fixed temperature of 75℃until constant 
weight was attained [12]. Seed quality determinants such as vigor index, mean germination time (MGT), germination 
rate and germination % were all determined. 

2.4. Statistical analysis 
The data analyses were carried using R Statistical [28] and analysis of variance was carried out on each observation 

on the treatments. The differences between means were separated by DMRT at 0.05 level of significance. 

3. Results and discussion 
3.1 Maize growth characteristics under different climate-smart agriculture technologies  

There were significant differences in maize seed growth characters under different CSA techniques (Figure 1) and 
results indicated that plant height and the number of leaves grown under minimum tillage with dead mulch were signif-
icantly higher as compared to conventional farming and other technologies. Furthermore, results on leaf area per plant 
(1,985.32cm) and Leaf Area Index (LAI) 1.954 significantly increased under climate-smart agriculture techniques as 
compared to the control (conventional farming). Plant height was increased even though the growing season was cha-
racterized by two prolonged dry spells which occurred during vegetative and tasseling stage which significantly affected 
plant growth parameters under conventional seed production. However, maize plants reached their height potential un-
der CSA techniques due to availability of moisture in the soil. 

 

 
(MTM = Minimum tillage with mulching, PP = Pit planting, ZTR = Zero tillage with roundup, Conv = conventional farming, 

ZTLC = zero tillage with live cover shrub, ZTM zero tillage with mulching) 

Figure 1. Maize crop growth characters under different climate-smart agriculture technologies. 
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Plant height was significantly influenced by moisture stress at different growth stages as a result of dry spells that 
occurred during the growing season. The results indicated that plant height was reduced on the conventional method of 
seed production because of water stress due to dry spells that occurred during the development stage. This confirms that 
plant height was affected by the amount of moisture content available in the soil. LAI (Figure 1) of maize seed grown 
under minimum tillage with dead mulch was not affected (0.032) which was significantly higher than the control. The 
leaf area index of a crop with adequate water supply at elevated carbon dioxide concentration increases and there isra-
pid leaf production at the vegetative growth phase due to the availability of moisture in the soil [13]. 

Leaf area per plant was significant in both 6th to 12th week due to the response of dry spell (Figure 1). Minimum til-
lage with dead mulch had significantly higher leaf area per plant (268.14cm2) as compared to conventional farming 
(150.39cm2) in the 8th week. Furthermore, pit planting plants had relatively higher leaf area (1,071.92 cm2) as compared 
to other treatments with zero tillage with live cover and conventional farming having the least of 868.58 and 672.39 
respectively. Research has shown that a deficit of water decreases cell division and cell proliferation which results in 
poor leaf development and eventually generates lower grain yield [14]. In this research, dry spells could be the main 
cause of water stress in different treatment, basically underwater stress the percentage of leaf development decline sig-
nificantly [15], that resulted in low accumulation of biomass.  

3.2. Yield and yield components of maize seed grown under different CSA technologies 
The yield components under various CSA techniques were significant (p < 0.05) except the harvesting index. The re-

sult combined in (Table 1) shows that the Minimum tillage with mulching treatment had significant higher TDM, DCY, 
GY, cob length and TGY per hectare with the 12.28 tons ha-1, 7.42 ton ha-1, 559 grams per ear, 19.03 cm and 6.16 ton 
ha-1 respectively. However, harvesting index had statistically similar results with MTM having 0.50 which was slightly 
higher than the rest of the treatments.  

The analysis of variance for the mean revealed that maize yield and yield components significantly increased 
(P < 0.05) under the climate-smart agriculture method more especially MTM because it was able to retain moisture dur-
ing the period of dry spells except for harvesting index which was not significant (p > 0.05). The present results, how-
ever, are in line with the findings of [17] and [15], who indicated that the availability of moisture in the soil during dry 
spells increases maize yield components and yield.  

Table 1. Maize seed grain yield and yield components under different maize seed cultivation systems 

CSA TDM (t ha-1) DCY (t ha-1) GY Cob-1 (g) Cob Length (cm) TGY (t ha-1) HI 

Conv 7.73a 4.36ab 250.2a 9.68a 3.66a 0.48 

ZTM 8.03a 4.57ab 276.3a 13.26b 3.57a 0.47 

ZTLC 7.05a 4.83ab 288.2ab 13.82b 3.25a 0.49 

ZTR 7.20a 3.97a 278.4a 13.95b 2.95a 0.40 

PP 8.94ab 5.14ab 338.0bc 18.54c 4.19ab 0.46 

MTM 12.28b 7.42b 359.6c 19.03c 6.16b 0.50 

Fpr ** ** ** ** ** ns 

CV(%) 12.5 21.6 9.6 9.3 19.1 18.1 

Note: ** = significant, ns = not significant, CSA = Climate Smart Agriculture, TDM = Total Dry Matter, DCY = Dry Cob yield, GY = Grain 
Yield, TYG = Total Grain Yield, and HI = Harvesting Index, means with the similar superscript letter are not significant at 0.05 level of signi-
ficance. MTM = Minimum tillage with mulching, PP = Pit planting, ZTR = Zero tillage with roundup, Conv = conventional farming, ZTLC = 
zero tillage with live cover shrub, ZTM zero tillage with mulching. 

Research has shown that soil moisture content control plant phenological, physiological and morphological characte-
ristics of maize plant in response to water stress induced by either drought or dry spells [16], basically when water at 
field capacity decreases, this initiates a decrease on a number of grains per plant and yield per unit area [17] and number 
of cobs per plant decreases, to concur with these findings, maize seed that was grown using conventional farming sys-
tem yielded short corn-cob in length (9.68cm) and, cob grain yield per ear per plant, which was significantly lower than 
that of minimum tillage with mulch. Minimum tillage with mulch treatment was able to retain moisture in the soil than 
unmulched treatment, the mulch treatment improves soil moisture and stores water hence improved plant growth cha-
racteristics and improved yield and its components. This implies that the grain yield and yield components increased 
significantly due to the availability of moisture in the soil.  

In connection to this research other studies have revealed that substantial improvements in yields of major crops such 
sorghum and maize have been witnessed by smallholder farmers [18]. There is adequate evidence that CSA increases 
the biological yield of major crops even on poor soils and offers economic benefits from diversified crop rotation sys-
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tem due to adaptability and productivity because of soil cover [19] and mulching that enhance soil moisture retention 
[20].  

3.3. Seed quality analysis produced under different climate-smart agriculture production systems  
Seed vigor which determines the level of activity and performance of the seed or seed lot during germination and 

seedling emergence was assessed (Table 1).There were significant differences in seed quality produced on different 
climate smart-agriculture technologies. MTM and PP produced vigorous seedling (1,127.0 and 1,117.5) which were 
significantly higher than the rest of the treatments with seeds produced from ZTR, Conv and ZTLC which were less 
vigorous having 843.0, 766.0, and 788.8, respectively. Germination was significant with PP (98%) and Conv and ZTLC 
which was significantly lower having 92.5% and 90% respectively. Furthermore, significant differences were observed 
in GR, GW, and GE with seed produced under MTM and PP having statistically higher GR, GW and GE as compared 
to control treatment (Conv). Furthermore, there were no significant differences in MGT (days) among the treatments, 
however, MTM germinated earlier (2.39) days as compared to Conv and ZTR having 3.46 and 3.66 days, respectively. 

Table 2. Seed quality analysis produced under different climate-smart agriculture production systems  

CSA SVI GP% GR MGT (D) GW(1000)g GE 
MTM 1127.0a 96.80ab 22.61a 2.39 386.90a 84.82a 

PP 1117.5a 98.50a 18.93ab 2.71 379.70ab 80.00ab 
ZTR 843.0bc 92.25bc 14.77b 3.66 335.40c 75.00ab 
Conv 766.0c 92.25bc 14.85b 3.46 347.47c 74.58ab 
ZTLC 788.8c 90.50c 15.55b 3.38 369.30abc 72.78ab 
ZTM 1018.0ab 95.00abc 16.38ab 3.61 364.0abc 70.75b 

P-value ** ** * ns ** ** 
CV% 27.74 4.25 25.12 24.7 10.96 12.11 

Note. CSA = climate-smart agriculture, SVI = Seedling Vigour Index, GR = Germination rate, MGT = mean germination time, GW = Grain 
weight, GE = Germination energy, MTM = Minimum tillage with mulching, PP = Pit planting, ZTR = Zero tillage with roundup, Conv = con-
ventional farming, ZTLC = zero tillage with live cover shrub, ZTM zero tillage with mulching. Means with similar superscript are not signifi-
cant at 0.05 level of significance. 

The scarcity of water is a severe environmental restriction to plant productivity. Crop growth and yield parameters 
are negatively affected by inadequate water supply due to physical damages, physiological disruptions, and bio-
chemical changes. Good seed quality is important in any cropping system because it plays an important role in the 
early growth stages of agricultural crops [21]. Good quality seed will enable better field performance in terms of 
germination, rapid emergence, and vigorous seedling growth [22]. Furthermore, Schussler and Westgate [23] indi-
cated that reduced photosynthetic activity leads to poor seed set in plants grown in pots and contributes to poor qual-
ity seed. Furthermore, results in this research are in accordance with [17] who indicated that under water stress the 
percentage of germination of seed produced declined significantly which might have contributed to the nature of seed 
produced on conventional farming system. 

Generally, droughts have been associated with heatwaves, i.e., transient increase in temperature above normal levels 
lasting from days to weeks [24]. Basically, the combination of moisture deficit and heat stress will have a profound im-
plication on food security through its effects on crop growth and water use efficient by crops [25]. Maize production 
mainly depends on rain fed because more than 70% of global arable land is under rain fed agriculture, which means that 
maize seed production mainly depends on natural rains. Temporal and/or spatial variations in precipitation commonly 
known as dry spells associated with climatic change [26] in addition with the converging pressures on population 
growth and increased urbanization has reduced the availability of freshwater for irrigation [27] which become more 
difficult to use more especially by smallholder farmers who play a major role in seed production. 

4. Conclusion 
Results in this study has revealed that different CSA agricultural technology more especially minimum tillage with 

dead mulch and pit planting can maximize good quality seed production in the presence of prolonged dry spells during 
both vegetative and reproductive stages of maize seed production. However, this kind of research should be repeated in 
different regions with a wide variation in rainfall patterns using different varieties of hybrid maize seed in order to 
quantify and adopt the production systems.  
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