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Abstract. A study was conducted in Sudan (Africa) during the summer and winter seasons (2013 – 

2014) at two locations: Shambat (normal soils) and Soba (salt-affected soils). Nine maize (Zea mays 

L.) and sorghum (Sorghum bicolor (L.) Moench) cultivars were studied under two watering regimes 

arranged in split plot experiment in a randomized complete block design. The eight test-environments 

created by the combination of locations, seasons and watering regimes were used to investigate the 

effect of salt, water and heat stresses on forage yield and some related traits. The results showed that 

separate and combined stress factors significantly reduced forage yield. The greatest reduction in dry 

matter yield caused by one factor was shown by salt stress (29.6%) and the least reduction was caused 

by heat stress (3.9%). Water stress coupled with either heat or salt stress caused the greater reduction 

in yield (37.0%-43.3%) than the combination of the other factors. Full stress caused 53.8% yield 

reduction. Days to tasseling was significantly reduced by heat stress whereas water and salt stress 

showed no significant effect on tasseling duration. Full stress caused the greatest effect on days to 

tasseling. Plant height and stem diameter were significantly reduced by salt and water stress. Two 

hybrids kept top rank in yield through most abiotic stress levels showing resilience to unfavourable 

environments. All maize genotypes significantly outyielded the sorghum check under no heat stress 

(winter sowing) regardless of the effect of salt and water stresses while the opposite is true under the 

heat stress (summer sowing). It was concluded that salt and water stress are the major abiotic stresses 

limiting forage maize production. Maize tolerates have been better reduction in temperature than does 

sorghum while the latter tolerate better salt and water stresses than does maize. Forage maize could 

be competitively grown during summer if water and salt stresses are avoided. 

Introduction 

Maize (Zea mays L.) forage has become a major constituent of ruminant rations in recent years. 

It is the only crop amongst non-leguminous fodders that combines better nutritional quality along 

with a high quantity of biomass [1, 2]. Although the crop has wide adaptability [3] it is the least 

tolerant to abiotic stresses among cereals. Drought, salinity and elevated temperatures, are among the 

major abiotic stresses that negatively impact maize production in most maize production regions 

worldwide [4-7]. Salt stressed soils occur in all continents and under almost all climatic conditions. 

Their distribution, however, is relatively more extensive in the arid and semi-arid regions compared 

to the humid regions [8]. Interactions between water, salt and heat stress have a significant negative 

effect on maize performance. Currently, 50% of all irrigated schemes are affected by salinity. The 

increasing frequency of dry spells in many regions of the world and the problems associated with 

salinity in irrigated areas frequently result in the wide occurrence of drought and salinity on cultivated 

land [9]. Such abiotic stresses are prevailing in Sudan and should be seriously considered when 

introducing or developing new maize cultivars. The total salt-affected soils in Sudan are 4.8 million 

hectares, of which 2.1 million hectares are saline and 2.7 million hectares are sodic soils [10]. Thus, 

sorghum, which tolerates harsh conditions better than maize, has become the major forage crop.  In 

Sudan, where the second largest animal herd in Africa exists, there is a need for continuing supply of 

fodder throughout the year, a situation which can’t be met by sorghum alone specially during winter 

where maize is supposed to have a competitive stand against sorghum as a forage crop [11]. A 
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common consensus among forage growers is that maize is the best option to replace sorghum in 

winter sowings. If fed as green fodder, maize is sought to have a good reputation to increase milk 

production [12]. 

The objectives of this study were to: Investigate the effects of the major abiotic stress factors 

on the performance of maize as forage crop; validate the advantage of replacing maize with sorghum 

for forage production in the winter season and identify maize hybrids showing resilience to abiotic 

stress.  

Materials and Methods  

The study was conducted in Sudan (Khartoum State) during 2013-2014 at two different 

locations: Shambat (Lat. 15° 39' N; Long. 32° 31' E; Alt 380 masl) and Soba (Lat.15° 24' N; Long.32° 

32' E; Alt 380 masl). Soba is located about 25 km south of Shambat. In each location, the trial was 

carried out in the Experimental Farm of the Agricultural Research Corporation (ARC). 

The plant material 

Ten genotypes comprising 9 maize varieties plus one forage sorghum cultivar included as a 

check were used in the study (Table 1).  

Table 1. Plant material used in the study 

S.N. Genotype Type/Color Source 

1 PAN-6966 Yellow maize hybrid South Africa 

2 PAN-12 Yellow maize hybrid  South Africa 

3 PAN-14 Yellow maize hybrid  South Africa 

4 PAN-6P110 Yellow maize hybrid  South Africa 

5 Hytech1100 White maize Hybrid Egypt 

6 Hytech2066 Yellow maize hybrid Egypt 

7 Hytech2031 White maize hybrid Egypt 

8 Hytech2055 Yellow maize hybrid Egypt 

9 Hudieba2 Yellow maize (open pollinated ) Sudan 

10 Kambal Sorghum(open pollinated) Sudan 

Test-environments 

The stress levels comprised 2 locations (normal soils at Shambat vs salty soil at Soba), 2 seasons 

(summer vs winter) and 2 watering intervals (1 vs 2 weeks). The combination of these levels (2x2x2) 

gives eight test-environments assumed to create different normal vs abiotic stress levels (Table 2) 

used to test the performance of the above genotypes. 

Table 2. Abiotic stress levels created by different environment combinations. 

 Environment combination (growing conditions) 

S.N. Abiotic stress levels location Season  Water 

1 No stress Shambat  Winter  Normal  

2 Water stress Shambat  Winter  Stressed  

3 Heat stress Shambat  Summer  Normal  

4 Water + Heat stress Shambat  Summer  Stressed  

5 Salt stress Soba  Winter  Normal  

6 Water + Salt stress Soba  Winter  Stressed  

7 Salt + Heat stress Soba  Summer  Normal  

8 Full stress Soba  Summer  Stressed  
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The soils at Shambat are well drained loamy clay, non-saline and non-sodic with pH ranging 
7.7 - 7.9 (Appendix I). The soil at Soba is hazarded by salinity (ECe = 12 - 14 dS/m) and sodicity 
(ESP = 24 - 27), (SAR = 16 –23) (Appendix II), with high clay content, low infiltration and 
permeability, low organic matter and nitrogen and high pH (Appendix III). The monthly mean 
temperatures of the growing seasons are presented in Appendices IV and V. The average min-max 
temperature during the winter season (Nov. –Feb.) ranged 15-20°C and 32-38°C whereas that at 
summer (April-July) ranged 25.0-28.4°C and 36.9-42.0 °C. The weather is dry in both growing 
seasons especially during Winter. 

The experimental design and cultural practices 

To achieve the above treatment combinations 4 trials were conducted 2 at each location 
(Shambat and Soba) in each season (winter and summer). Each trial was split plot experiment with 
watering regimes assigned to the main plots and the genotypes to the subplots in a randomized 
complete block design (RCBD) with three replications. Unless otherwise indicated, the cultural 
practices followed were the same in the 4 trials. The land was disc ploughed, disc harrowed and 
levelled by scraper to obtain fine seed bed. Ridging was done at 0.75 m spacing. The plot consisted 
of four ridges 4m long. Two seeds were placed in holes spaced at 15 cm on one side of the ridge. The 
winter sowing was done on the 8th and 12th of Dec. 2013 in Soba and Shambat, respectively. The 
summer sowings were done on the 13th and 19th of May 2014 in Soba and Shambat, respectively. 
Nitrogen fertilizer (55 kgN/ha) was applied in a form of urea at the second watering. Weed population 
was kept to the minimum by hand weeding. 

Data collection  

Forage yield was estimated at dough stage by harvesting the two inner rows of each plot leaving 
0.5 m from each side of the ridge. The plants were cut at the ground level and weighed in the field 
immediately after cutting using spring balance. A random sample of 1.0 kg taken from each harvested 
plot was air dried to a constant weight and used to convert the fresh weight of the corresponding plot 
to the dry matter yield (DMY). Days to 50% tasselling, plant height, stem diameter and plant count 
at harvest were recorded. 

Statistical analysis 

The data collected were subjected to the standard procedure of analyzing split plot in RCB 
design [13]. The combined analysis of variance of the genotypes across the 8-test environments (stress 
levels) was performed using the Genstat statistical packages [14]. 

Results 

Table 3 shows mean squares from genotype, environment (stress levels) and their interaction 
obtained for forage yield and related traits. The analysis of variance revealed highly significant 
differences among genotypes, environments and their interaction for all studied traits.  

Table 3. Mean squares from genotype, environment (stress levels) and their interaction obtained for 
forage yield and some related traits of 10 genotypes   

Source of variation DF Mean Squares 

  Days to 
tasseling 

Plant height 
(cm) 

Stem diameter 
(cm) 

Dry matter 
yield (t\ha) 

Block 2 17.93 33.304 0.005663 1.2476 
Environments (E) 7 1379.91** 20470.294** 0.328407** 165.0029** 
Residual 14 17.43 14.692 0.000856 0.6311 
Genotypes (G) 9 207.27** 2896.960** 0.851612** 34.8476** 
G×E 63 48.47** 1181.065** 0.036378** 19.5506** 
Residual 144 17.50 7.421 0.001029 0.4517 

** = Highly significant at 0.01 probability level 
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Effect of abiotic stress levels 

Table 4 shows the effect of different stress levels on forage yield and some related traits. The 

DMY recorded under full stress was 5.78 t/ha. The lowest DMY for single stress level was recorded 

by salt stress (8.94 t/ha) with a reduction in yield amounting to 29.6%. Heat stress alone gave the 

least effect on DMY (12.2 t/ha) with yield reduction amounting to 03.9%. Water stress coupled with 

either salt or heat stress has a greater effect on yield than the combination of the other stress levels 

with a respective reduction in DMY amounting to 43.3% and 37.0%.  

Heat stress caused a significant reduction in days to tasseling (-16.6%) compared to no stress 

whereas water and salt stress have no significant effect with a respective change in tasseling duration 

of -1.62% and +0.67%. The greatest reduction was shown by full stress (-20.2%). Unlike days to 

tasseling, plant height was significantly reduced by salt stress (-15.7%) and water stress (-13.1%) 

with heat stress showed the least reduction (-5.05%). The effect of stress factors on stem diameter 

followed the same trend as in plant height. 

Table 4. Effect of different stress levels on forage yield and related traits at dough stage (Shambat, 

Soba 2013-2014)   

Stress level 

Days 

to 

tasseli

ng 

Change 

(%) 

Plant 

height 

(cm) 

Change 

(%) 

Stem 

diameter 

(cm) 

Change 

(%)) 

DMY Change 

(%) 

Heat stress 62.1 -16.6 188 -5.05 1.59 +6.71 12.2        -03.9 

Water stress  73.1 -1.62 172 -13.1 1.39 -6.71 10.1        -20.5 

Salt stress   74.8 +0.67 167 -15.7 1.38 -7.38 8.94        -29.6 

Water + Heat 

stress 

60.7 -18.3 159 -19.7 1.43 -4.03 8.00        -37.0 

Salt + Heat stress   61.4 -17.4 137 -30.8 1.37 -8.05 8.92        -29.8 

Water + Salt 

stress  

71.0 -4.44 149 -24.7 1.35 -9.40 7.20        -43.3 

Full stress† 59.3 -20.2 119 -39.9 1.23 -17.4 5.87        -53.8 

No stress‡ 74.3 - 198 - 1.49 - 12.7 - 

Mean 67.1 161 1.40 9.23  

SE± 0.762 0.70 0.00534 0.1450  

LSD (5%) 2.312 2.12 0.01620 0.4399  

CV (%) 6.2 1.7 2.3 7.3  

† : The compound effect of water + heat + salt stresses  

‡ : No water, heat or salt stresses 

Performance of genotypes across stress levels: 

Table 5 shows the mean performance of genotypes in different stress levels for DMY. All of 

the maize genotypes recorded their lowest values in forage yield under full stress with the lowest 

DMY (3.51 t/ha) shown by PAN14 and the highest one (7.52 t/ha) exhibited by Hytech2031. On the 

other hand, the best performance in DMY was shown under no stress (15.9 t/ha) recorded for PAN12. 

Among maize genotypes, the highest reduction in yield resulting from full stress as compared to no 

stress was shown by Hytech1100 (75.3%), and PAN14 (73.2 %) whereas the lowest reduction was 

shown by Hytech2031 (48.1%). The genotypes Hytech2031, Hytech2055 and PAN12 that showed 

the best DMY under full stress were also the best yielders under no stress. These genotypes were also 

the best performing under single stress levels and combinations of two stress levels as well. The 

sorghum check Kambal significantly outyielded the maize genotypes in stress levels including heat 

stress (summer growing) whereas the opposite is true for stress levels not including heat stress (winter 

growing) with DMY ranging from 3.81 under salt + water stress to 20.2 t/ha under heat stress. 
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Table 5. Performance of genotypes in different stress levels for dry matter yield (t/ha) (Shambat, 

Soba 2013-2014). 

 Stress levels  

Genotypes 

Heat 

Stress 

Water 

Stress 

Salt* 

stress 

Water + 

Heat 

stress 

Salt + 

Heat 

stress 

Water + 

Salt 

stress  

Full 

stress 

No 

stress 

% 

Reduction 

in yield 

(full 

stress vs 

no stress) 

PAN6966 10.0  9.87 9.48   7.02 6.17   7.49   4.02   14.4 72.1 

PAN12 13.0 11.7 10.7   8.45 9.09   8.50   6.12 15.9  61.5 

PAN14 9.47 9.05 7.20 5.68 6.90 5.66 3.51 13.1 73.2 

PAN6P-110 9.82 10.2 7.33 7.94 6.65 8.23 5.51 11.8 53.3 

Hytech1100 10.9 10.6 10.5 4.32 6.22 7.23 2.96 12.0 75.3 

Hytech2066 11.2 10.8 11.6   7.73 7.57   7.83   4.95 13.5  63.3 

Hytech2031 12.7 11.9 10.3 9.05 11.9   7.80   7.52 14.5  48.1 

Hytech2055 13.8 11.7 10.4 8.64 9.56 8.59 5.94 14.5 59.0 

Hudeiba2 10.6 10.0 8.02   6.64 7.62   6.81   4.88 10.7  54.4 

Kambal† 20.2 4.82 3.84 14.5 17.6 3.81 13.3 6.58 +102 

Mean 9.23 

SE± 0.3957 

LSD (5%) 1.1054 

CV (%) 7.3 
*: Salinity / Sodicity stress 

† : Sorghum check 

Contrast analysis for maize vs sorghum 

Table 6 shows the mean squares from contrast analysis of maize vs sorghum over eight 

environments for forage yield. Analysis of variance revealed highly significant differences between 

maize genotypes (as a group) and sorghum represented by the check Kambal. Differences among 

environments and the interaction of contrast (maize vs sorghum) with the environment were also 

highly significant for forage yield. 

Table 7 shows the contrast performance of maize vs sorghum for dry matter yield over eight 

environments. The DMY of maize ranged between 5.05 and 13.4 t/ha under full and non-stress, 

respectively, while that of sorghum for the respective stress levels ranged from 13.3 to 6.58 t/ha which 

represent growing sorghum during summer and winter, respectively. Differences between maize and 

sorghum in forage yield were highly significant. In winter sowings, maize excels sorghum in forage 

yield regardless of water and/or salt stresses and vice versa for summer sowings. 
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Table 6. Mean squares from contrast analysis of maize vs sorghum over eight environments (Shambat 

and Soba .2013-2014) 

Source of variation DF DMY (t/ha) 

Block 2 1.248 

Group  (G) 1 47.936** 

Maize  vs  sorghum 1 47.936** 

Environments ( E) 7 165.003** 

G× E 7 154.238** 

Maize  vs  sorghum ×  E 7 154.238** 

Residual 222 2.214 

** = Highly significant at 0.01 probability level 

Table 7. Contrast performance of maize vs sorghum for dry matter yield (t/ha) over eight stress 

environments (Shambat and Soba .2013-2014) 

 

 

Group 

Environments 

Heat 

Stress 

Water 

Stress 

Salt 

stress 

Water + 

Heat 

stress 

Salt + 

Heat 

stress 

Water + 

Salt 

stress  

Full 

stress 

No 

stress 

Maize  11.3  10.6  9.51  7.28  7.96  7.57  5.05  13.4 

Sorghum  20.2 4.82 3.84 14.5 17.6 3.81 13.3 6.58 

Maize  vs  Sorghum ** 

Mean 9.2 

SE± 0.8591 

CV (%) 16.1 

Discussions 

The highly significant differences among the eight environments for forage yield (Table 3) 

validate the effectiveness of such designed environments in testing the performance of genotypes for 

abiotic stress. The highly significant GxE interaction indicates that the performance of genotypes in 

forage yield across the eight environments (stress levels) was inconsistently implying the need for 

performing stability analysis to investigate the contribution of each genotype in the observed GxE 

interaction. 

The study showed that each of the separate stress levels caused a significant reduction in forage 

yield; however, salt stress irrespective of other stress factors caused the greatest yield reduction 

(29.6%). Salt stress is one of the most significant abiotic factors limiting crop productivity [15]. 

According to FAO reports [16] 50% yield reduction in maize occurred due to salt stress at ECe = 5-

9 dS/m. In this study, salt stress is represented by the inherently saline-sodic soils of Soba with EC 

ranging from 8 - 15 dS/m and ESP ranging from 30 to 50. The compound effect of salinity and sodicity 

seriously affect maize growth [17] with forage attributes being more affected than grain ones [18]. 

The study showed that water stress has the second largest adverse effect on maize with a 

reduction in forage yield amounting to 20.5%. The adverse effect of water stress on maize has been 

reported by many workers [19, 20]. In a study with the similar watering interval, extending the 

watering interval from 7 to 14 days gave a reduction in maize yield of about 37% [21]. Other studies 

showed the advantageous effect of shortening watering interval on maize growth has been reported 

by some workers [22, 23]. 
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The study showed that heat stress gave the least reduction in forage yield compared to the 

reduction caused by salinity and water stresses. This goes well with the fact that maize is originally a 

tropical crop with the ability to tolerate relatively high temperature [24]. Moreover, its grain yield 

rather than forage yield that is more affected by heat stress. Reduction in forage yield attributes occurs 

at temperatures higher than 40 0C [25-28] whereas, that of grain yield occurs at a lower threshold 

(32.50C) when coinciding with pollination [29, 30]. 

The study revealed that any combination of two stress factors resulted in a reduction in forage 

yield greater than that of a single factor with full stress (all factors) causing the greatest effect. 

However, the compound effect of water stress with either salt or heat stress caused a greater reduction 

in forage yield than that caused by heat with salinity stress. This agrees with the findings reported by 

Heiniger [31] for the interaction of water stress with each of salt and heat stresses. 

The maize hybrids Hytech2031, PAN12 and Hytech2055 appeared to be the best forage yielders 

under a wider range of environments. PAN12 showed the best green matter yield (GMY) and may 

have good potential for forage production under green chopping system. Hytech2031 and Hytech2055 

have been reported by Mohammed [32] to show good performance in grain and forage production, 

therefore, may be suggested for both green chop and silage making systems. Owing to their good 

performance under salt affected environments, the three hybrids in addition to Hytech2066 may be 

notified for forage production in Soba area or similar environments. 

The contrast analysis confirmed further that maize excels sorghum in forage yield when sown 

during winter season irrespective of water and salt stresses while the opposite is true for summer 

sowings. Such results indicate that maize tolerates showed a better reduction in temperature than does 

sorghum while the latter tolerate better the effect of salt and water stresses than dose maize. This 

substantiates the previous finding [33] however, as revealed by the analysis of variance (Table 6) the 

interaction of maize vs sorghum x environment was highly significant pointing to the inconsistency 

of such comparison across the environment. 

Conclusions 

Salt and water stress are the major abiotic stresses limiting forage maize production. Heat 

stresses have the least effect on the yield of forage maize. Maize tolerates showed a better reduction 

in temperature than does sorghum while the latter tolerate better salt and water stresses than does 

maize. However, the potential of maize tolerance to salt stress exists as evident from the performance 

of the hybrid Hytech2031. Forage maize could be competitively grown during summer if water and 

salt stresses are avoided. Future research should consider traits pertaining to forage maize for silage 

production. 
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Appendix I. Chemical and physical soil properties of the experimental site at Shambat 

Depth  Chemical properties Physical properties 

(cm) pH EC (dS 

m-1) 

Na 

(mmol L-1) 

SAR Clay 

(%) 

Silt 

(%) 

Sand 

(%) 

0-15 7.79 1.4 5.1 2.4 42.1 15.9 42.0 

15-35 7.88 1.0 4.3 2.5 39.6 15.8 44.6 

35-51 7.87 1.2 7.1 4.5 44.1 16.4 39.5 

51-75 7.91 2. 0 12.5 6.3 51.4 16.6 32.0 

75-120 7.71 2.2 16.0 9.2 50.0 16.6 33.4 
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Appendix II. Chemical soil properties of the experimental site at Soba 
Depth  pH paste pH 1:5 EC dS m-1 SAR ESP 

0 - 30 8.1 8.8 14.0 23.0 27.0 

30 - 60 8.3 8.9 12.0 16.0 24.0 

Soluble Cations and Anions Saturation Extract ( meq L-1) 

 Na Ca Mg Cl CaCo3 HCo3 

0 - 30 10.3 32.5 6.0 8.3 0.0 4.6 

30 - 60 19.0 32.5 6.5 6.3 0.0 4.3 

Exchangeable Bases   (meq 100g-1) 

 Na K CEC N (%) C/N (%) Available P (ppm) 

0 - 30 10.94 0.94 40 0.421 0.037 5.0 

30 - 60 6.83 1.04 28 0.468 0.042 3.8 
Source: Soil survey and land evacuation report. Land and Water Research Centre. ARC. Wad Medani. Sudan.  

 

Appendix III. Physical soil properties of the experimental site at Soba 

Depth (cm) Mechanical analysis Soil moisture H2o in soil H2o in horizon 

 Cs Fs Si  C ½ bar 15 bar AWC Vol% Cm/cm 

0 -20 8 18 37 37 27.2 13.6 13.6 22.0 0.33 6.6 

20-50 4 30 21 45 28.9 15.5 13.4 21.8 0.22 6.6 

50-80 7 17 33 43 28.5 15.3 13.2 22.8 0.23 6.9 

80-120 4 23 33 40 27.1 14.6 12.5 20.8 0.21 8.4 

120-160 5 20 29 46 36.1 19.0 17.1 30.4 0.30 12.0 
Source: Soil survey and land evacuation report. Land and Water Research Centre. ARC. Wad Medani. Sudan.  

 

Appendix IV. Monthly mean temperature (°C), rainfall and relative humidity (R.H %) during the 

winter season (2013/ 2014). 

Month 

Mean 

Temperature R.H. (%) Total rain fall (mm) 

Max. Min. 

November 2013 34.0 20.0 27 0.0 

December 32.0 16.0 32 0.0 

January  2014 32.0 15.0 35 0.0 

February 33.0 16.0 27 0.0 

March 38.0 20.0 23 0.0 
Source: Meteorological Authority, Ministry of environment Forestry and Physical Development (2014) Khartoum. 

Sudan. 

 

Appendix V. Monthly mean temperature (°C), rainfall and relative humidity (R.H %) during the 

summer season (2014). 

Month 
Mean temperature 

R.H. (%) Total rain fall (mm) 
Max. Min. 

April  40.9 27.4 16 Trace 

May  41.0 28.4 17 4.6 

June  42.0 25.0 21 0.6 

July  36.9 26.1 45 73.6 

Source: Meteorological Authority, Ministry of environment Forestry and Physical Development (2014) Khartoum. 

Sudan. 
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