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Introduction 
aize (Zea mays L.), along with wheat and 

rice, is one of the main staple foods in the 

world with a global production of more than 

1 × 109 t since 2013 (Noman et al., 2015; Zampieri et al., 

2019). Maize is grown for various purposes, such as 

human consumption, animal feed, forage production, 

and renewable energy: bioenergy (Aslam et al., 2015; Ai 

and Jane, 2016). In Nigeria, maize is one of the most 

important crops and its dual rate of feeding a fast-

increasing population and supporting a potentially 

buoyant agricultural industrialization is well 

recognized. The recent expansion of the poultry 

industry has significantly increased the demand for 

maize to the extent that large quantities of maize are 

imported annually. By 2050 the global demand for 

maize is projected to double (Hunter et al., 2017; Ray et 

al., 2013). 
All over Nigeria, maize is a source of carbohydrates for 

man as well as his livestock. Fresh maize is roasted and  
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boiled and can be eaten on the cob. Dry grains may be cooked with beans and 

eaten as ‘’adalu’’ or ground into wet flour and processed into ‘’ogi’’ which will 

later be used in making pap. Despite the tremendous progress made so far in 

the development of new, highly yielding varieties of maize and the 

recommendations on better crop husbandry, the annual production of this 

crop has not increased greatly in the past few years. The major setback and 

obstacle preventing the bumper harvest includes insufficient amount of 

rainfall, temperature, daylight, solar radiation humidity and soil fertility. Maize 

cultivation in the developing world relies heavily on rainfall (Shiferaw et al., 

2011; Papanastassiou, 2012; BurleighDodds Science Publishing, 2017). The 

amount, distribution and efficiency of rainfall are highly important factors in 

successful maize production. Pre-planting precipitation or initial soil moisture 

contributes a great deal towards meeting the cop requirement of several 

maize growing areas of topical Africa. 

Maize is most sensitive to drought during the flowering period. The most 

important symptoms of drought damage during flowering are the following 

Maize crops are extremely sensitive to drought especiallyduring flowering 

period (Westgate and Boyer, 1985; Spitkoet al., 2014;Zhao et al., 2016) when a 

need to increase the production of maize to meet the increasing human 

population, livestock feeding, agro-industry as well as biofuel industry. One 

of the major challenges facing maize production is drought. Maize crops are 

extremely sensitive to drought especially during flowering period and can 

results into reduction in yield. This study aims to morphologically 

characterize the effects of drought on hybrid maize yield.The results 

showed that there was little difference on dry matter accumulation in the 

hybrid maize under unstressed and stressed conditionsand early water 

stress reduced internode extension of hybrid maize. 
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short spell of stress can reduce the crop yield by 30 – 50 %on average, the plants 

are about 2.5mm of water per day until the plants are about 25 – 30 cm tall. 

Plants may utilize various strategies such as improvements in water use 

efficiency Aslam et al., 2015; Lamaouiet al., 2018), completing reproductive 

processes before the onset of dry weather(Aslam et al., 2015; Khan et al., 2019) 

and improving drought tolerance (Ribautet al., 2009). According to Hussain et 

al. (2019), world maize yield and production are projected to decline by 15–20% 

per year due to heat and drought conditions, with these two factors becoming 

major threats to this crop. Hence, the aim of this research is to investigate the 

effect of droughton maize plants. 

Therefore, the aim of the study is to …….. 

 

Materials and Methods 

Location 

This study was carried out at the Greenhouse of the Faculty of Agriculture, 

Obafemi Awolowo University, Ile-Ife, Nigeria.Materials used for the study 

include thirty–two (32) plastic cups, topsoil, ruler, watering can, field 

notebook, oven, weighing machine, envelopes, pencils and two improved 

hybrid maize cultivars: 8522-2 and 8525-23. 

 

Experimental design 

The experiment was randomized complete block design (RCBD) with four 

replicates (Table 1). The first planting was done on 14thJanuary 2021 and the 

second on 14th April, of the same year. The thirty-two cups were filled with 

topsoil collected around the greenhouse premises. The filled cups were placed 

on benches and the planting was done following day to allow enough 

evaporation to take place and to have almost equal amount of moisture 

content in all the cups under given set of environmental conditions.There were 

two experiments for this study. The first experiment designated ‘’A’’ consisted 

of four cups per replicate with its plants watered to saturation every other day 

stating from day 2; and the other designated ‘’B’’ with its plants watered every 

four days to saturation stating from Day 4. There were four cups per replicates. 
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Three seeds were planted to a depth of 2cm per cup because of the high 

viability of the seeds and later thinned to two stands per cup after a week. Un-

germinated plants or were not supplied. The cups distance was maintained at 

18cm within and 21cm between. 

 

Table 1:.Treatments within the replicates  

Replicate Varieties 

i a b a B 

ii a a b B 

iii a b b A 

iv b a b A 

Source: Data Analysis, 2021 

 

Data Collection 

Data were collected on the following parameters:day to emergence 

(emergence count was done per cup at four, five and six days after planting); 

leaf number(numbers of leaves per stand and per cup were counted at seven 

days interval till forty-five days after planting); internodes length (internode 

length was measured per stand and per cup with ruler at seven days interval 

till forty-five days after planting); fresh weight (At forty-five days after planting, 

the root was carefully uprooted from the cups and each plant root was rinsed 

in water to remove adhering soil particles. The plants were then spread on 

envelopes for two minutes to remove the water films on the roots. This was 

done in the greenhouse. The plants were then packed into the 

correspondinglabelled envelopes and finally transferred for weighing. The 

envelope was fist weighed and the weight was recorded and then, the 

envelope with the enclosed plant. This was done for all samples. The difference 

between the two weighed samples accounted for the fresh weight of each 

plant sample); and dry weight(all the enclosed plants in their separate 

envelopes were then transferred into an oven for two days with temperature 

at 70 °C. At the end of 48 hours, the samples were re-weighed with the weight 
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of dry plants separately. The difference then accounted for the dry weight. The 

experiment was repeated once). 

 

Statistical Analysis 

Data were analysed, using analysis of variance(ANOVA) to obtain significant 

differences in the experiments.The F ratio at 5% level of significant was 

calculated.  

 

Results and Discussion 

Data from the dry matter accumulation, internode length and analysis of 

variance of the internode length in greenhouse studies of hybrid maize under 

different conditions were presented.The result of chemical analysis of plant 

matter are usually expressed based on dry weight rather than the fresh weight 

basis because fresh plant weight is highly variable changing with the time of 

the day, the amount of moisture available in the soil, the temperature and wind 

velocity. The result of dry matter accumulation of the plants in response to the 

treatment is shown on table 2. There was little difference on dry matter 

accumulation in the hybrid maize under unstressed condition compared with 

those under stressed condition. Bassouet al., 2012reported that increasing 

water deficits induced a relative reduction in dry matter yield and plant height. 

 

Table 2: Dry matter accumulation of hybrid maize under different conditions 

Conditions Fresh weight 

(gm) 

Dry weight (gm)  %Dry Matter 

Unstressed 11.5 

10.7 

11.9 

9.8 

2.2 

1.9 

2.5 

1.9 

19.1 

17.8 

21.0 

19.4 

Stressed 7.9 

6.6 

7.8 

2.1 

1.5 

2.0 

26.6 

22.7 

25.6 
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5.9 1.5 25.4 

Source: Data Analysis, 2021 

 

Table 3 showed the difference in the internode length of the hybrid maize 

under the two conditions. There was difference in the first, second and sixth 

internodes length of hybrid maize under unstressed and stressed conditions 

while the third, fourth and fifth internodes length were almost equal in length. 

The first, second and sixth internode length of hybrid maize under unstressed 

condition is longer than the internode length of hybrid maize under stressed 

condition. This show that early water stress reduced internode extension. The 

third, fourth and fifth internode length of the hybrid maize under the two 

conditions were almost equal. The results agree with Bassouet al., 2012 

reported that during the first period of growth, different irrigation 

modesshowed no significant effect.Bennounaet al., 2004 also stated that 

maize is apparently more droughts resistant in the early stages of growth than 

when fully developed. 

 

Table 3: Internode length (cm) of hybrid maize under different conditions 

  INTERNODE 1 INTERNODE 2 INTERNODE 3  

Treatment Wk

s 

1 2 3 4 ∑ 1 2 3 4 ∑ 1 2 3 4 ∑ 

Unstresse

d 

1 3.5 4.8 5.2 4.9 18.4 - - - - - - - - - - 

2 4.0 4.8 5.2 4.9 18.9 3.1 3.7 4.8 4.1 15.7 - - - - - 

3 4.4 5.0 5.5 5.3 20.2 3.

5 

4.0 5.0 4.3 16.8 1.9 1.8 1.9 1.5 7.1 

4 4.6 5.3 5.8 5.5 21.2 3.

8 

4.3 5.2 4.7 18.0 2.2 2.4 2.4 1.8 8.8 

5 4.7 5.6 5.9 5.6 21.8 4.

0 

4.5 5.3 4.8 18.6 2.4 2.

6 

2.6 2.1 9.7 

6 4.9 5.6 5.9 5.6 22.0 4.1 4.7 5.4 4.9 19.1 2.6 3.1 2.9 2.4 11.0 

Stressed 1 2.8 3.9 3.4 3.8 13.9 - - - - - - - - - - 

2 3.2 4.2 2.8 4.2 15.4 2.

9 

3.1 4.5 4.1 14.6 - - - - - 

3 3.5 4.5 3.9 4.4 16.3 3.

4 

3.4 4.9 4.3 16.0 1.6 2.

3 

2.8 2.6 9.3 
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4 3.7 4.6 4.1 4.5 16.9 3.

6 

3.7 5.2 4.4 16.9 2.3 2.7 3.2 3.1 11.3 

5 3.9 4.7 4.2 4.5 17.3 3.

8 

4.0 5.5 4.5 17.8 2.5 3.

0 

3.5 3.4 12.4 

6 4.0 4.4 4.2 4.5 17.1 3.

8 

4.1 5.5 4.6 18.0 2.7 3.

2 

3.6 3.7 13.2 

∑  47.

2 

57.

3 

57.

1 

57.

7 

219.

4 

86 39.

5 

51.

3 

44.

7 

171.

5 

18.

2 

21.

1 

22.

9 

20.

6 

82.

8 

                 

  INTERNODE 4 INTERNODE 5 INTERNODE 6 

Treatment Wk

s 

1 2 3 4 ∑ 1 2 3 4 ∑ 1 2 3 4 ∑ 

Unstresse

d 

1 - - - - - - - - - - - - - - - 

2 - - - - - - - - - - - - - - - 

3 - - - - - - - - - - - - - - - 

4 1.8 1.9 2.0 2.1 7.8 - - - - - - - - - - 

5 2.1 2.0 2.5 2.4 9.0 1.8 2.2 2.4 2.3 8.7 - - - - - 

6 2.3 2.8 2.9 2.7 10.7 2.

3 

2.7 2.8 2.7 10.5 2.4 3.

2 

3.0 3.8 12.4 

Stressed 1 - - - - - - - - - - - - - - - 

2 - - - - - - - - - - - - - - - 

3 - - - - - - - - - - - - - - - 

4 1.7 1.5 2.3 2.7 8.2 - - - - - - - - - - 

5 2.1 2.0 2.8 2.9 9.8 2.

5 

2.1 3.2 2.6 10.4 - - - - - 

6 2.3 2.3 3.0 3.2 10.8 2.

9 

2.1 3.5 3.0 11.5 2.3 2.

5 

2.9 2.8 10.5 

∑  12.3 12.5 15.

5 

16.

0 

56.3 9.

5 

9.1 11.9 10.

6 

41.1 4.7 5.7 5.9 6.6 22.

9 

Source: Data Analysis, 2021 

 

Table 4, 5, 6 and 7 showed the analysis of variance of the internode length. The 

effects of treatment, week, density, and replicate were seen to have significant 

differences in the internode extension of hybrid maize under the two 

conditions. The results showed the first, second, third and fourth internode 

length of the hybrid maize under stressed and unstressed conditions differ 

significantly (p<0.05) based on the treatment and weeks the stress occurred. 
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The fifth and sixth internode length did not show any significant difference 

(p>0.05). The exposure of these two internode length was so short to cause 

any significant difference.Daryantoet al., 2016 results showed that maize 

experiencing drought during their reproductive phase had greater yield loss 

than those experiencing drought during their vegetative phase (P < 0.05), 

although greater amount of available water during vegetative phase likely 

contributed to the greater yield 

 

Table 4: Analysis of variance ofthe first internode length (cm) in greenhouse 

studies of hybrid maize under different conditions. 

SV DF SS MS F 

Total 47 27.0192 0.5749  

Replicate 3 5.5617 1.8539 21.5821* 

Treatment 11 18.6242 1.6931 19.7102* 

Week (W) 5 4.8167 0.9633 11.2142* 

Density (D) 1 13.6553 13.6553 158.9674* 

W x D 5 0.1522 0.0304 6.3539 

Error 33 2.8332 0.0859  

*Significant at P = 0.05 level 

Source: Data Analysis, 2021 

 

Table 5:Analysis of variance of the second internodes length (cm) in 

greenhouse studies of hybrid maize under different conditions. 

SV DF SS MS F 

Total 39 18.4437 0.4729  

Replicate 3 13.2967 4.4322 177.288* 

Treatment 9 4.4712 0.4968 19.872* 

Week (W) 4 3.8575 0.9644 38.576* 

Density (D) 1 0.6002 0.6002 24.008* 

W x D 4 0.0135 0.0034 0.1360 

Error 27 0.6758 0.0250  
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*Significant at P = 0.05 level 

Source: Data Analysis, 2021 

 

Table 6:Analysis of variance of the third internode length (cm) in greenhouse 

studies of hybrid maize under different conditions. 

SV DF SS MS F 

Total 31 10.4150 0.3360  

Replicate 3 1.4075 0.4692 4.9968* 

Treatment 7 7.0350 1.0050 10.7029* 

Week (W) 3 4.1325 1.3775 14.6699* 

Density (D) 1 2.8800 2.8800 30.6709* 

W x D 3 0.0225 0.0075 0.0799 

Error 21 1.9725 0.0939  

*Significant at P = 0.05 level 

Source: Data Analysis, 2021 

 

Table 7:Analysis of variance of thefourth internode length (cm) in greenhouse 

studies of hybrid maize under different conditions. 

SV DF SS NS F 

Total 31 4.6396 0.1497  

Replicate 3 1.8946 0.6315 17.5905* 

Treatment 7 1.9922 0.2946 7.9276* 

Week (W) 3 1.8909 0.6303 17.5571* 

Density (D) 1 0.0704 0.0704 1.9610 

W x D 3 0.0309 0.0103 0.2869 

Error 21 0.7529 0.0359  

*Significant at P = 0.05 level 

Source: Data Analysis, 2021 

 

Table 8 and 9 showed the results of the analysis of variance of the fifth and 

sixth internode length (cm) in greenhouse studies of hybrid maize under 
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different conditions respectively. . The treatment did not have significant 

difference (p>0.05) of the length of the fifth and sixth internode of the hybrid 

maize under stressed and unstressed condition. 

 

Table 8: Analysis of variance of the fifth internode length (cm) in greenhouse 

studies of hybrid maize under different conditions. 

SV DF SS Ms  F 

Total 15 2.9940 0.1996  

Replicate 3 1.1819 0.3940 4.42* 

Treatment 3 1.0119 0.3373 3.79 

Week (W) 1 0.5257 0.5257 5.90* 

Density (D) 1 0.4557 0.4557 5.00 

W x D 1 0.0305 0.0305 0.34 

Error 9 0.8660 0.890  

*Significant at P = 0.05 level 

Source: Data Analysis, 2021 

 

Table 9: Analysis of variance of the sixth internode length (cm) in greenhouse 

studies of hybrid maize under different condition. 

SV DF SS MS F 

Total 7 1.6787 0.2398  

Replicate 3 0.9237 0.3079 3.04 

Treatment / Density 1 0.4512 0.4512 4.45 

Error 3 0.3038 0.1013  

*Significant at P = 0.05 level 

Source: Data Analysis, 2021 

 

Conclusion 

Drought period of a few days on maize plant after planting have little influence 

on the dry matter accumulation and cannot produce any significant reduction 

in gain yield.Early water stress reduced internode expansion, leaf expansion, 
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leaf area and reduced relative growth rate which was related to reduction in 

both net assimilation rate and leaf area ratio. The overall effect of stress on all 

the above parameter is reduction in grain yield.The seed emergent and the rate 

of leaf appearance were not affected but stress reduced the rate of leaf 

senescence.Hence, severe droughts applied over a period of a few days may 

have various effects on the development ofmaize, depending on the stage of 

development of the plant when drought occurred.   
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