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ABSTRACT 

Ginger plant recently is gaining attention in the food and pharmaceutical industries because of its 
medicinal importance and as a spice. This work aimed to evaluate the effect of different shading types 
on growth and yield of ginger plants (Zingiber officinale), during two seasons (2017 and 2018) at 
Dokki Research Station, Central Laboratory for Agricultural Climate, Egypt. The experiment 
consisted of seven treatments [Control (without shading), two levels of shade by using saran 30 and 
saran 60%, the two level of shade covered with plastic (30%+plastic cover and 60%+ plastic cover) 
and intercropping ginger with sweet corn in different densities (4 ginger + 4 sweet corn plants/m2 and 
4 ginger + 8 sweet corn plants/m2)]. The treatments were applied in a randomized complete block 
design with three replicates.  Data for ginger growth parameters were obtained during the experiment 
period while the yield parameters were obtained at harvest. The results showed that the highest values 
of growth parameters were obtained from 60% shading+ plastic cover and intercropping ginger at 4 
plants (with sweet corn) at 8 plants/ m2. Rhizome yield was increased with increasing levels of shade. 
The growth of ginger plants enhanced with decreasing light transmission and increasing relative 
humidity and air temperature. The economic evaluation shared that intercropping ginger at 4 with 
sweet corn at 8 plants/m2 was more economic compared with net shade, net shade+ plastic and 
without shade. 
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Introduction 

Ginger (Zingiber officinale) is a herbaceous perennial plant which belongs to Zingiberaceae 
family. This plant is native to tropical South East Asia, Africa and other tropical regions of the world 
(Adegbola and Olufunmilola, 2017). It is cultivated widely in the tropics for its showy flowers and 
useful products. The rhizome is valued for its flavour, contains two classes of constituents: the 
essential oils and oleoresins (Rhode et al., 2007). Ginger is one of the traditional medicinal plants that 
have been used by polynesians for treating many diseases such as; diabetes, high blood pressure, 
cancer and many other diseases (Ajav and Ogunlade, 2014). Essential oil and oleoresin are 
internationally commercialized for use in the food and pharmaceutical industries. Moreover, Ginger is 
also recommended by the traditional healers in South Asia, because it reduces the risk of 
cardiovascular diseases, high blood pressure and palpitations, and also serves as a vasodilator (Ghayur 
et al., 2005). In 2016, global production was 3.3 million tonnes, the greatest production belongs to 
India with 34% of the world total (FAO, 2017). Ginger is a shade loving plant (Okwuowulu, 2005; 
Kratky et al., 2013). Previous studies showed that change in light intensity was able to modify the 
growth parameters and fresh yield of ginger (Ajithkumar and Jayachandran, 2003). According to 
Graham (1998), changes in light intensity with shade net were able to change synthesis of medicinal 
compounds in plants.  
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Intercropping being a unique practice of tropical and sub-tropical areas is becoming more 
popular among small scale farmers as it offers the yield advantage relative to sole cropping through 
yield stability and improved yield (Bhatti et al., 2006). Intercropping of corn in ginger crop is a 
common practice. However, the appropriate corn plant density to be applied on ginger crops is not 
known (Lyocks et al., 2013). The major intercrops used in large ginger growing countries are ginger 
with corn, corn with finger millet, corn with cassava, corn with buckwheat, and vegetables 
(Lachungpa, 2004). In Egypt, ginger is an unconventional crop. It is growing well in Mediterranean 
climate which provided the proper growing conditions. In this research, different types of shade were 
examined to get the best environmental condition for growing ginger widely in Egypt.  
 
Materials and Methods  
 

The experiment was carried out at Dokki Research station, Central Laboratory for Agricultural 
Climate, Egypt. In this investigation, there was a comparison between three types of shade. These 
types included cultivation ginger plants under tunnels covered with saran cloth only or with plastic 
cover either or intercropping ginger with tall plant (sweet corn).  

Rhizome bits which used in cultivation were weighing 9 + 3 g. In the third week of March 2017 
and 2018, they were treated with a mixture of Mancozeb (0.3%) and Ridomil Plus (0.1 %) for 30 
minutes before cultivation. These rhizomes were germinated for 2 weeks in small pots, then they 
transplanted in tunnels and open field. Sweet corn seeds var. F1 Hytech 3010, were cultivated directly 
in the tunnels and open field on the second week of April.   

The plants were arranged in seven treatments which represented the three types of shading as 
follows:  
1- Control (T1): without any types of shade. 
2- Intercropping ginger at 4 with sweet corn at 4 plant/m2 in the open field (T2): The ginger 

plants were cultivated in row and sweet corn in another row with the same number of plants in 
each row (4 plants).  

3- Intercropping ginger at 4 with sweet corn at 8 plant/m2 in the open field (T3): The ginger 
plants were cultivated in row and sweet corn in two rows around the ginger row.  

4- 60% shade (T4): Tunnel covered with black saran 60% shading. This tunnel dimension was 3 m 
length, 1 m width and 1 m high.   

5-  30% shade (T5): Tunnel covered with black saran 30% shading. This tunnel dimension was 3m 
length, 1 m width and 1 m high.  

6- 60% shade and plastic cover (T6): Tunnel covered with plastic cover then covered with black 
saran 60% shading. This tunnel dimension was 3 m length, 1 m width and 1 m high.  

7- 30% shade and plastic cover (T7): Tunnel covered with plastic cover then covered with black 
saran 30% shading. This tunnel dimension was 3 m length, 1 m width and 1 m high.  

 
Air temperature, relative humidity and solar radiation of each treatment were recorded by using 

agrometeorology Dokki station.  
All these treatments were duplicated three times to represent three replicates. The experiment 

was arranged in a randomized complete block design (RCBD) with three replicates. Separation of 
means among treatments was determined using LSD test at 5% (Steel and Torrie, 1980). Plants were 
harvested 16 weeks after exposure to different treatments. The data were collected for the two seasons 
(2017 and 2018). Growth parameters were recorded for the growing ginger crop under varying 
treatments. These parameters were: plant height, number of leaves per plant, leaf area per plant (it was 
measured by; C1-203 LASER AREA METER), dry matter and number of tillers per plant. The yield 
parameters recorded included number of rhizomes per plant, weight of rhizomes per plant, volatile oil 
content, starch and fiber content were estimated by AOAC method (1975).  
   
Results and Discussion  
  

Data of air temperature, relative humidity and solar radiation under seven treatments during 
seasons of 2017 and 2018 were presented in Figures (1, 2 and 3).  
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There were no differences in air temperature among treatments in April. While, the differences were 
clearly observed in May, June and July. The greater value of air temperature was observed under 30% 
shade with plastic cover (T7) and 60% shade with plastic cover (T6). The lowest value was detected 
under intercropping ginger at 4 with sweet corn at 8 plant/m2 (T3) as shows in Figure (1). Relative 
humidity performance was changed. The highest value was illustrated when 60% shade with plastic 
cover (T6) was used while the lowest value was observed in control treatment (T1) as shown in Figure 
(2). Solar radiation trend changed as related to months. The highest value at all was found under 
control (T1) and the lowest value was found under 60% shade with plastic cover treatment (T6) as 
shows in Figure (3). 
 

 

 

 
Fig.1a. Air temperature (°C) during first 

season 
 

Fig.1b. Air temperature (°C) during second 
season 

 

 

 

Fig.2a: Relative humidity (%) during First 
season 

 
Fig.2b: Relative humidity (%) during second 

season 
 

 

 

 
Fig.3a: Solar radiation (MJ/m2) during first 

season   
 

Fig.3b: Solar radiation (MJ/m2) during second 
season 
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Data in Table (1) shows the effect of different shading types on vegetative parameter of ginger 
plants; plant height (cm), number of leaves/plant, leaf area (cm2) and dry matter (g) during the two 
studied seasons. The highest values of plant height, number of leaves/plant, leaf area (cm2) and dry 
matter were observed in 60% shade and plastic cover treatment (T6). However, the lowest value was 
found in control treatment (T1). The same trend was found in the second season.  
 
Table 1: Effect of different shading types on vegetative parameter of ginger plants 
Treatments Plant height (cm) Number of leaves/plant Leaf area (cm2) Dry matter (g) 

First season 
T1 38.52 d 21.86 e 30.68 g 1.07 e 
T2 42.32 c 24.98 d 31.84 f 1.61 d 
T3 43.72 bc 30.51 ab 36.56 b 2.48 b 
T4 45.79 a 28.90 bc 34.58 c 2.20 c 
T5 43.56 bc 27.69 c 32.61 e 2.02 c 
T6 45.82 a 31.56 a 37.38 a 3.43 a 
T7 44.32 ab 28.82 c 33.78 d 1.72 d 

Second season 
T1 39.41 d 22.80 e 32.30 e 1.66 d 
T2 43.24 c 25.82 d 33.51 e 2.50 c 
T3 46.54 ab 31.36 ab 37.98 b 3.19 b 
T4 44.19 c 29.82 bc 35.71 c 2.71 bc 
T5 44.17 c 28.56 c 35.29 d 2.59 c 
T6 46.84 a 32.50 a 40.46 a 3.79 a 
T7 44.93 bc 29.87 bc 35.29 d 2.31 c 

Control (T1), Intercropping ginger at 4 with sweet corn at 4 plant/m2 in the open field (T2), Intercropping ginger at 4 with 
sweet corn at 8 plant/m2 in the open field (T3), 60% shade (T4), 30% shade (T5), 60% shade with plastic cover (T6), 30% 
shade with plastic cover (T7). 

 
The effect of different shading type on rhizome parameters is presented in Table (2).  Shading 

type had a significant effect on number of tillers per plant, number of rhizomes per plant and weight 
of rhizomes per plant. The highest values of these parameters were obtained under 60% shade and 
plastic cover treatment (T6). On the other hand, ginger plants which grown in the open field without 
any shade (control T1) showed a reduction in rhizome parameter compared to the other treatments. 

Control (T1), Intercropping ginger at 4 with sweet corn at 4 plant/m2 in the open field (T2), 
Intercropping ginger at 4 with sweet corn at 8 plant/m2 in the open field (T3), 60% shade (T4), 30% 
shade (T5), 60% shade with plastic cover (T6), 30% shade with plastic cover (T7). 
 
Table 2: Effect of different shading types on rhizome parameters of ginger plants 

Treatments 
Number of tillers 

/plant 
Number of 

rhizomes/plant 
Weight of rhizomes/plant  

(g) 
First season 

T1 3.34 f 3.74 f 147.89 d 
T2 3.80 e 4.28 e 278.00 c 
T3 6.55 b 6.51 a 458.11 a 
T4 5.45 c 5.54 bc 366.11 b 
T5 4.12 e 5.02 de 255.00 c 
T6 7.41 a 6.45 ab 519.33 a 
T7 4.64 d 5.09 cd 371.11 b 

Second season 
T1 4.34 f 4.57 e 252.89 d 
T2 4.58 ef 5.30 d 350.11 cd 
T3 7.16 b 7.29 a 523.02 ab 
T4 6.24 c 6.47 b 463.67 ab 
T5 4.94 de 5.98 bc 336.11 cd 
T6 8.16 a 7.71 a 559.86 a 
T7 5.22 d 5.61 cd 427.46 bc 

Control (T1), Intercropping ginger at 4 with sweet corn at 4 plant/m2 in the open field (T2), Intercropping ginger at 4 with 
sweet corn at 8 plant/m2 in the open field (T3), 60% shade (T4), 30% shade (T5), 60% shade with plastic cover (T6), 30% 
shade with plastic cover (T7). 
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The results of rhizomes chemical contents (volatile oil, fiber and starch) measured after 120 days 
after planting during the two studied seasons are tabulated in Table (3). Significant differences 
between different shading types were submitted. The highest value of volatile oil was obtained in T6, 
while the lowest value was observed in control treatment. On the other hand, the highest fiber and 
starch content were found in the control treatment, and the lowest values were found in T6. 
 
Table 3: Effect of different shading type on rhizomes chemical contents of ginger plants 

Treatments Volatile oil Fiber Starch 
First season 

T1 1.91 f 7.28 a 45.44 a 
T2 2.85 cd 6.65 b 41.91 b 
T3 3.40 bc 3.46 f 33.45 f 
T4 3.90 ab 4.36 e 35.12 e 
T5 2.19 e 5.52 c 40.70 c 
T6 4.22 a 3.26 f 31.24 g 
T7 2.77 de 4.73 d 39.05 d 

Second season 
T1 2.57 d 7.82 a 46.48 a 
T2 3.42 c 5.28 b 42.72 b 
T3 4.74 ab 3.32 f 34.54 f 
T4 4.52 b 3.92 e 36.06 e 
T5 3.18 c 4.89 c 41.60 c 
T6 5.11 a 2.69 g 32.10 g 
T7 3.50 c 4.35 d 39.42 d 

 
Ginger plants growth enhanced with decreasing in light transmission with increasing in relative 

humidity with increasing in warm air. There is a relationship between relative humidity and 
temperatures; warm air can hold more water vapor than cool air. Relative humidity decreases when 
the temperature increases if no moisture is added to the air. (Hemm et al., 2004; Briskin and 
Gawienowski, 2001; Kurata et al., 1997). Changes in light intensity with shade net were able to 
change synthesis compounds in plants (Graham, 1998). Whether similar environmental conditions 
when exerted upon ginger were able to modify the production and profiling of its bioactive 
compounds in different plant parts, or totally alter the plant bioactive constituents, or could there be a 
species-related response to the impact of environmental factors. 
 
The Economic Evaluation 
   

Data in Table (4) and Fig (4) displayed the economic evaluation of the different shading types on 
ginger plants. Obviously, data stated that the treatment of intercropping ginger at 4 with sweet corn at 
8 plant/m2 in open field achieved the highest net income. This result was concerning the economic 
treatment to the farmer than the other treatment.    
 
Table 4: Economic evaluation of the different shading types on ginger plants  

Treatments 
Yield (g) Yield Price (EGP) 

Total Cost 
(EGP) 

Net Income (EGP) 

2017 2018 2017 2018 2017 2018 2017 2018 
T1 591.56 1011.56 31.94 47.54 5.77 5.54 26.17 42.00 
T2 1120.00 1408.44 100.05 109.82 17.97 17.71 82.08 92.11 
T3 1848.44 2108.08 178.95 186.33 29.00 28.86 149.96 157.46 
T4 1464.44 1854.68 79.08 87.17 23.41 22.72 55.67 64.45 
T5 1020.00 1344.44 55.08 63.19 21.57 20.88 33.51 42.30 
T6 2077.32 2239.44 112.18 105.25 40.38 39.67 71.80 65.58 
T7 1484.44 1709.84 80.16 80.36 38.59 37.87 41.57 42.49 
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Fig 4: Economic of the different shading types on ginger plants 
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