DISCOVERING THE NEW MORPHOLOGICAL STRAINS OF Striga hermonthica ON TOLERANCE/RESISTANCE CULTIVARS OF LOWLAND RICE (Oryza sativa L) IN SUDAN SAVANNA


Abstract 
[bookmark: _Hlk224468863][bookmark: _Hlk224472567]The research was conducted in 3 multi-stages; Morphological and Striga hermonthica seed collection in Sudan, Sahel and Northern Guinea savanna agro-ecological zones, screening of Striga hermonthica on tolerance/resistance of lowland rice cultivars and field evaluation of various Striga hermonthica strain on rice cultivars in order to “Discover the new morphological strains of Striga hermonthica on tolerance and resistance cultivars of lowland rice (Oryza sativa L.) cultivars in Sudan savanna”. The first experiment was collection of Striga seeds and morphological features where the seeds were collected at different locations across the three agro ecological zones namely; Sudan, Sahel and Northern Guinea savanna where there is prevalence of Striga spp. The second and third experiments were conducted during the 2025/2026 dry seasons at the Screen House and Fadama Teaching and Research Farm, Usmanu Danfodiyo University, Sokoto. The results revealed that both Striga hermonthica and senegalensis strains co-exist, the root system was fibrous and hairy (pubescent), Leaf hair was generally short and stiff hairs, leaf colour was purple, while the seed colour was dark brown in Northern guinea savannah while dark brown, light brown and yellowish brown was observed in Sudan and Sahel savannah respectively. Jamila variety under the screen house experiment recorded the highest Striga attachment, number of Striga per plant, Striga dry weight per pot, Striga attachment and number of Striga per pot, while Sudan savanna produced the highest Striga attachment. Under the evaluation of Striga hermonthica on Rice cultivars experiment: Faro 57 recorded the highest number of tillers per plant and grain yield, while Sudan savanna produced the highest Striga dry weight per plant and grain yield
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INTRODUCTION
Rice (Oryza sativa L) and Oryza glaberrima Steud is one of the major staple foods in Nigeria, consumed across all geopolitical zones and socioeconomic classes (Kamai, et al. 2020). The cultivated rice belongs to the family Poaceae. The genus Oryza has been divided into four species complexes: sativa complex, officinalis complex, meyeriana complex, and ridley complex. Only Oryza sativa complex has two cultivated species, namely, O. sativa and O. glaberrima Steud. The Asian rice Oryza sativa which is grown worldwide has three sub-spp: Indica, Javanica and Japonica. The African rice (Oryza glaberrima) is one of the two cultivated species was independently domesticated from its wild ancestors O. barthii and O. longistaminata in the Niger River Delta about 3000 years ago.  Since then, it has spread to two secondary centers of domestication, one along the coast in the Gambia, Senegal, and Guinea-Bissau and the second in the Guinea forest between Sierra-Leone and the western part of Côte d’Ivoire. O. glaberrima is grown on a limited acreage in a few African countries (Chauhan et al. 2017).
Rice has become an important strategic and daily staple food crop in Nigeria. The potential land area for rice production in Nigeria is between 4.6 million and 4.9 million ha. Out of this, only about 1.7 million ha1or 35 percent of the available land area is presently cropped to rice. The main production ecologies for rice in Nigeria are rainfed lowland, rainfed, rainfed upland, irrigated lowland, deep water or floating and mangrove swamp. Of these, rainfed lowland rice has the largest share of the rice area (50%) and rice production. Small-scale farmers with farm holdings of less than 1 ha cultivate most of the rice produced in Nigeria. (Nwilene, et al. 2018).

Nigeria is the largest producer of rice in the West Africa sub-region. Today, rice is no longer a luxury food to millions of Nigerians but has become the cereal that constitutes a major source of calories for the rural and urban poor with demand growing at an annual rate of 5% (FAO, 2023). Global rice production is forecast at 523.5 million tones (milled basis) in 2023/24. This would represent a 1.3 percent upturn from the 2022/23 reduced level. The global production has a total forecast harvest of 471.5 million tones, Asian production in 2023/24 could end 1.0 percent above the 2022/23 level while still falling somewhat short of the 2021/22 all-time high. China is the leading producer of rice 143.4 million tones, followed by India 131.0 tones. Nigeria is forecasts to produce on 9.1 million tons of rice in 2023/2024. Nigeria imports 16.2 thousand tones, while exports only 200 tons of rice. (FAO, 2023). China, Philippines and Bangladesh are the main importers of rice with 10, 7 and 3% respectively. While the main exporters are India, Thailand and Vietnam with 42, 11 and 10% respectively (FAO, 2022). The major rice producing States in Northern Nigeria are Kebbi, Borno, Kano, Sokoto and Kaduna. Currently, most of the farmers producing rice rely on traditional technology with low use of improved input technologies. Average rice yields per unit area in the country are low and range between 2.0 and 3.0 t/ha compared to yields of 6‒8 t/ha reported on research plots. It is important for farmers to adopt Striga control mechanism to increase rice production and productivity in the various states in Nigeria (Kamai, et al. 2020). 

Striga is one of the main constraints in crop production and cause 10-80% crop yield losses besides reducing product quality and leading to health and environmental hazards. The damages caused by Striga to cereal crops are numerous and grave, the most important of which is the decrease in the quantity and quality of the outcome. These damages have attracted attention to the importance of combating witchweed whose damages exceed the losses caused by other agricultural pests such as diseases and insects. Controlling Striga is one of the issues that must be taken care of in order to increase production per unit area. (Wasan, 2020). Weeds have detrimental effects on plant growth and severely damage plant productivity. Weeds compete with the crops for environmental resources such as nutrients, water, light and space, subsequently crops compromise on yield (Zimdahl, 2018).

Striga is a genus name in the family Orobancaceae which contains 1,725 parasitic plant species (Nickrent, 2018). Striga itself includes approximately 40 species, of these, 11 are documented to cause significant yield losses in tropical cereal crops such as rice. The name Striga is the Latin word for witch. Striga are therefore commonly known as witch weeds in English with similar common names in the languages of many sub-Saharan African peoples that inhabit their native range. The most notorious Striga species are Striga asiatica and Striga hermonthica. Striga causes an estimated 7 billion USD in crop productivity losses annually across sub-Saharan Africa (Yacoubou et al. 2021) This species of Striga causes a destructive harvest reduction annually and attacks crops such as rice, sorghum, sugarcane, finger millet, pearl millet, cowpea, and maize, causing a decimating effect on the yield of crops (Mudereri et al. 2020). This parasitic weed depends solely on its host plant for nutrients and growth, which results in substantial damage to crops, such as chlorosis, wilted silk, thin stalk, reduced height, and total loss of crops in farmlands with high invasion (Menkir et al. 2020). The invasion of this parasite is prominent in places with characteristic poor soils and intense cultivation with poor management practices (Gowda et al. 2021). Mechanisms of low Striga germination stimulant activity and incompatibility were characterized among rice cultivars with field resistance to both S. asiatica and S. hermonthica (Rodenburg et al. 2017). A healthy Striga hermonthica plant can produce in excess of 100,000 seeds and these seeds can remain viable for a decade or longer. In order for the parasite to succeed on its host, it must cue its development to a series of vulnerabilities manifested by the cereal during its growing season. It involves germinating in response to chemical stimulants (strigolactones) exuded by the host seedling root. Next, the Striga radicle tip must form a haustorium (organ of attachment and acquisition) at or very near an actively growing host in response to 2, 6-dimethoxybenzoquinone (DMBQ) and other by-products of secondary cell wall formation. The haustorium must then attach to the host root and penetrate the epidermis, cortex, endodermis and xylem elements, all the while evading any host defenses that could halt its progression. Further haustorial development must then occur until a functional vascular union is achieved with its host, ensuring a sustained flow of water and nutrients to support Striga shoot development and sufficient growth to the point of emergence (Rich, 2020).  
Considering the numerous importance of rice and the adverse effect of Striga infestation on the crop, there is the need to keep the crop free from Striga for optimum yield. For this, it’s justifiable that integrated and other approach of Striga management have been systematically encouraged to shift to the sustainable way of weed management (Kumar & Sonali, 2020)
The objectives of the research are as follows:
1. To characterize Striga hermonthica from different areas with a view of identifying new strains
2. To identify the mophological variations of strains of Striga hermonthica in the study area.
3. To evaluate the effect of new strains of Striga hermonthica on tolerant and resistance cultivars of rice
4. To identify rice cultivars with reduced Striga infestation and damage to rice grain yield
5. To determine the prevalence, incidence, severity and distribution of new strains of Striga hermonthica in the study area
MATERIALS AND METHODS
The study was conducted in 3 multi-stages; Morphological and Striga hermonthica seed collection, Screening of Striga hermonthica on Rice cultivars and field evaluation of various Striga hermonthica strain on rice cultivars 
Experiment i: Morphological characterization and Striga hermonthica seed collection 
A “four stage multi sampling” technique was used for this study. The first stage was the purposive selection of three agro-ecological zones namely; Northern Guinea, Sahel and Sudan savanna of Nigeria where there is high prevalence of Striga hermonthica. The second stage was the simple random selection of one state from each of the three agro-ecological zones. The third stage was random selection of two Local Government Areas each across the States. The last stage was the random selection of communities and farms of rice under each local government for the sampling. A baseline reconnaissance surveys will be conducted where there is prevalence of Striga hermonthica to consult the extension agents for identification of Striga hermonthica infested rice field during 2025 growing season from various locations in Northern Guinea, Sudan and Sahel savanna of Nigeria in Kaduna, Sokoto and Yobe States. Two Local Government Areas (LGAs) were selected each from Kaduna, Sokoto and Yobe States representing Northern Guinea, Sudan and Sahel savanna of Nigeria respectively. The selected local governments were; Zaria and Sabon Gari Local Government Areas in Kaduna State, Wamakko and Tangaza Local Government Areas in Sokoto State and Damaturu and Geidam Local Government Areas in Yobe State. One hundred and eighty (180) sampling points were used to collect Striga across the three agro-ecological zones. To select the communities, grid cells measuring 20km x 20km was super-imposed on a base map of the study area, from which three communities were randomly selected in each LGA. The coordinates were uploaded into a Geographic Positioning System (GPS) receiver and tracked for collection of the samples. Inaccessible points due to physical barriers or security threats were substituted with nearby accessible points (Aliyu et al. 2023). Three farms of rice were selected at random. In each selected farmland, 2m x 2m quadrants were pegged out along two intersecting diagonals transects. 
Striga morphological features were collected at different locations across the three agro ecological zones namely; Sudan, Sahel and Northern Guinea savanna, and the samples were placed in separate sealable plastic bags containing sufficient silica gel for drying. The collected samples were screened to identify the morphological features of different Striga hermonthica in the study area. Morphological characters of Striga collected includes: Striga type, root system, root hair, stem colour, stem hair, stem type, leaf hair, leaf blade shape, leaf color, flower color, flower shape, capsule color, capsule shape and capsule type. Striga seed were harvested after the capsules turn dark brown in color and the upper part of the mature floral head on which all florets have completed flowering, with no visible flowers or only the upper flowers remaining were collected. Several Striga plants were cut and collected to get an appreciable volume of seed which were used for both screen house and field experiments (Awad, 2024). The harvested mature florets were spread on a 4m x 4m white polyethylene sheet to dry. After 10–14 days of drying, the floral heads were tap gently on the plastic sheet to release the seeds from the dried capsules. Once the seeds are fully dry, they will not clump together and they were carefully poured or scooped from the paper into waterproof glass, plastic or metal jars (Awad, 2024). After 10–14 days of drying, the floral heads were gently tapped on the plastic sheeting to force seed shed. After threshing the seed, the seeds were screen on the sheeting by passing it through sieves of 250 and 150 openings. The sieving will help to remove most of the plant debris in the seed lot and makes subsequent infestations with the seed more accurate and will be less susceptible to fungal spoilage after removing the debris (Berner et al. 1997). The clean dried Striga seeds were labeled and stored at room temperature in containers after fully dry. The stored seeds were checked periodically for fungal and/or insect damage, especially in the first days and weeks after washing. (Awad, 2024). Data on Striga hermonthica morphological characters were subjected to descriptive analysis and compared with taxonomic key published by Parker and Riches, (1993)
Experiment ii: Screen house experiment
The screen house experiment was conducted to determine the effect of Striga collected from different locations on resistance, tolerant and susceptible rice cultivars in the study area. The experiment was conducted during the 2025/2026 growing season at the Screen House Teaching and Research Farm of Faculty of Agriculture, Usmanu Danfodiyo University, Sokoto. The area is characterized with erratic and scanty rainfall that typically last from May to October, while the dry season last from October to April. The average temperature is between 250C to 400C during the coldest and hottest season of the year respectively. The vegetation of the area is semi-arid with rainfall ranges from 500mm to 1000mm (NIMET, 2025). The treatments consisted of a combination of Striga seed from the three agro ecological zones and rice resistance, tolerant and susceptible landraces. The treatments were laid out in Complete Randomized Design (CRD) with three replications. Rice landraces to be used for the study were collected from farmers and National Cereal Research Institute. Plastic buckets were filled with top soil from the Teaching and Research Farm of Faculty of Agriculture, Usmanu Danfodiyo University, Sokoto and were arranged in three replications; i.e. three pots for each entry. Each pot contains at least 5kg of soil 
[bookmark: _Hlk224851560]Soil infestations was accomplished after the Striga seeds were mixed with a carrier material to increase the volume of Striga seeds for rapid infestation. Sand was sieved so that only particles of the same size with Striga seed were used. A 212, 150, or 180-micron sieve were used for sieving the sand. Striga seed are so tiny, therefore filter paper were placed at the bottom of a pot to minimize percolation down through the soil and be lost in the drainage. Clean top soil up to a level 8cm below the desired soil surface were added. After mixing, a full Striga spoon of Striga-sand mixture were sprinkle into each of the sowing pots and lightly covered with a thin layer of soils as a preconditioning of the Striga seeds (Rodenburg et al. 2006). 0.5 liter of water were carefully applied to each pot to prevent moisture deficit and to allow pre-conditioning of the Striga seeds. To improve the drainage capacity of the pots, perforations at the bottom and a 3 cm layer of gravel were put on the bottom of each pot, while still leaving a depression that can be seen and planted on the 8th day (IITA, 1997). On the eighth day, clean and viable rice seeds were sown in plastic pots (40cm) in diameter at a rate of 5 seeds per pot at 2-3 cm depth, this will place them 5-6cm above the Striga seed. Thinning to two plants per pot were done at 14 days after sowing (IITA, 1997). Weeding were carried out in other to ensure good crop establishment. Weeds other than Striga were removed by hand pulling at 3 and 6WAS. Fertilizers were applied at the rate of 120kg ha1 N; 60 kg ha1 P2O5 and 60 kg ha1 K2O in two split doses. All the P2O5, K2O and half on N were applied at 2WAS using a compound fertilizer of NPK 15:15:15, the remaining half of N were applied at 6WAS using urea (46%) as a source. Cypermethrin (10% EC) were applied at the rate of 75mls to 20 liters of water in hand operated knapsack sprayer at 6 and 9 WAS to control rice pests and disease (Bagudo et al. 2024). Harvesting were done at physiological maturity when the leaves turned yellow. Data were collected on meteorological, Striga characters and growth, yield and yield components of rice. The data collected were subjected to analysis of variance procedure using GenStat software 17th edition. Mean separation was carried out at 5% level of significance using Duncans Multiple Range Test (DMRT)

Experiment iii: Field evaluation of various striga hermonthica on rice cultivars 
The experiment was conducted during the 2025/2026 dry season at the Teaching and Research Farm of Usmanu Danfodiyo University, Sokoto. Sokoto lies on latitude 130 01’′ N and longitude 50 15’′ E and at an altitude of about 350m above sea level. The area is characterized with erratic and scanty rainfall that typically last from May to October, while the dry season last from October to April. The average temperature is between 250C to 400C during the coldest and hottest season of the year respectively. The vegetation of the area is semi-arid with rainfall ranges from 500mm to 1000mm (NIMET, 2025). The treatments were factorial combinations of the Striga seeds from 3 agro ecological zones and 12 resistant/tolerant cultivars were used for the experiment. The treatments were laid out in a Randomized Complete Block Design (RCBD) with three replications. The experimental site was harrowed and leveled manually. Individual plot sizes of 2m x 2m (4m2) were demarcated manually and spaced at 50cm and 10cm inter and intra row respectively with three replications. The net plot area was 2 rows of 2m long. There was 0.5m path between the adjoining plots and 1m distance between the replicates. Each plot was consisted of four rows spaced 50cm apart. Seed were treated with Apron star at the rate of 10g for every 3kg seed to protect the crops from soil borne pathogens.

Striga inoculum were prepared by thoroughly mixing one kilogram of fine sieved soil with 70g of Striga seeds or a Striga spoon of 0.94g capacity were used to measure the amount of sand-Striga mixture hill-1. Thus, 7615.9g of Striga seeds and 50133.02g of sand were used to infest 53,333 stands ha1. Therefore, 0.05 grams/hole, 7500 Striga seed/hole and 0.94g sand were used per hill. An area of soil about 10 cm in diameter and 8 cm deep in the center of each hill were dug out. The mixture was sprinkled in a furrow that has been opened in the center of the row, and then lightly cover the dispersed mixture with a thin layer of soil. The seed have been conditioned for 7 days before sowing. On the eighth day, clean and viable rice seeds were sown in the field by dibbling method at the rate of 5 seeds per stand at 2-3 cm depth at an inter and intra-row spacing of 75cm and 30cm respectively. Gap filling were done on the missing stands at 2WAS. Thinning to two plants per hill was done at 14 days after sowing. Weeding was carried out in other to ensure good crop establishment. All weeds other than Striga were removed by hand hoeing and pulling at 3 and 6WAS. Fertilizers were applied at the rate of 120kg ha1 N; 60 kg ha1 P2O5 and 60 kg ha1 K2O in two split doses. All the P2O5, K2O and half on N were applied at 2WAS using a compound fertilizer of NPK 15:15:15, the remaining half of N were applied at 6WAS using urea (46%) as a source. Cypermethrin (10% EC) were applied at the rate of 75mls to 20 liters of water in hand operated knapsack sprayer at 6 and 9 WAS to control maize pests and disease (Bagudo et al. 2024). Harvesting were done at physiological maturity when the leaves turned yellow. Data were collected on meteorological, Striga characters and growth, yield and yield components of rice. The data collected were subjected to analysis of variance procedure using GenStat software 17th edition. Mean separation was carried out at 5% level of significance using Duncan’s Multiple Range Test (DMRT)

RESULTS

Experiment i: Morphological characterization and Striga hermonthica seed collection 
[bookmark: _Hlk224914879][bookmark: _Hlk224914934][bookmark: _Hlk224914971]The morphological characters of Striga hermonthica composition found at the three Agro-ecological zones was composed of different morphological characters based on the prevailing weather factors of the three agro-ecological zones namely: Sudan, Sahel and Northern guinea savannah agroecological zones. The Striga type found across all the six States locations in the three Agro-ecological zones was Striga hermonthica with the exception of Geidam in Sahel savannah where both Striga hermonthica and senegalensis strains co-exist. Root system is generally fibrous across all the six States locations in the three Agro-ecological zones. The root hairs are hairy (pubescent) across all the six States locations in the three Agro-ecological zones. The stem colour is Purple-tinged in the Sudan and Northern guinea savannah, while purple-tinged and green was observed in Sahel savannah. Stem hairs was generally pubescent across all the six locations in the three Agro-ecological zones while Stem type was slender in Sudan savannah and slender/branched in the Sahel and Northern guinea savannah respectively. Leaf hair was generally possessing short and stiff hairs across all the six locations in the three Agro-ecological zones. Leaf blade shape is linear and lanceolate in Sudan and Sahel savannah, while in Northern guinea savannah the leaf blade shape was linear. 
[bookmark: _Hlk224915012][bookmark: _Hlk224915039][bookmark: _Hlk224915082]Leaf colour was purple across all the six locations in the three Agro-ecological zones, while flower colour was purple and bright pink in Sudan savannah, purple in Northern guinea savannah and purple, bright pink and red rose in the Sahel savannah. There were distinct differences in flower shape as Sudan savannah recorded tubular shape flower, while Sahel and Northern guinea savannah produced tubular and bell-shaped. Capsule colour was generally dark brown and light brown in Sudan and Sahel savannah respectively while in Northern guinea savannah it was dark brown. Capsule shape was elliptic and ovate in Sudan and Sahel savannah respectively while in Northern guinea savannah it was elliptic. Capsule type was a shattering type across all the six locations in the three Agro-ecological zones, while the seed colour was dark brown in Northern guinea savannah while dark brown, light brown and yellowish brown was observed in Sudan and Sahel savannah respectively.

Experiment ii: Screen house experiment
Days to Striga emergence
Screening of Striga hermonthica on Rice cultivars, agro-ecological zones and interaction on days to Striga emergence at Sokoto during 2025/2026 dry season were presented in Table 3. There was significant (P<0.05) effect on variety, agro-ecological zones and interaction to days to Striga emergence. The results showed that Faro 44 produced the longest days to Striga emergence (50.44 days) but were at par with Faro 52 and 52 varieties, while Jamila variety produced the least number days to Striga emergence (44.66 days). On the other hand, Northern Guinea savannah agro-ecological zone produced the longest days to Striga emergence (49.66 days) and differ significantly with Sudan savannah, but were statistically similar with Sahel savannah
Striga attachment
[bookmark: _Hlk224915578]Screening of Striga hermonthica on Rice cultivars, agro-ecological zones and interaction on Striga attachment at Sokoto during 2025/2026 dry season were presented in Table 3. There was significant (P<0.05) effect on variety, agro-ecological zones and the interaction on Striga attachment. Jamila variety recorded the highest Striga attachment and differed significantly with the rest of the other treatments. Conversely, Sudan and Sahel savannas recorded the highest attachment compared to Northern guinea savanna

Number of Striga per pot
Screening of Striga hermonthica on Rice cultivars, agro-ecological zones and interaction on number of Striga per pot at Sokoto during 2025/2026 dry season were presented in Table 3. There was significant (P<0.05) effect on variety and interaction on number of Striga per pot. Jamila variety recorded the highest number of Striga per pot (5.00) but were at par with Faro 44, while Faro 22 treatment recorded the least. However, non-significance effects (P>0.05) were recorded on agro-ecological zones 
Striga damage score
Screening of Striga hermonthica on 
Rice cultivars, agro-ecological zones and interaction on Striga damage score at Sokoto during 2025/2026 dry season were presented in Table 4. There was significant (P<0.05) effect on variety on Striga damage score, but non significance effect was recorded on agro-ecological zones and the interaction. Jamila produced the highest score (2.44) and differed significantly with the rest of the other treatments with the exception of Faro 44 which was statistically similar. However, non-significance effects (P>0.05) were recorded on agro-ecological zones and the interaction
Number of Striga per plant
Screening of Striga hermonthica on Rice cultivars, agro-ecological zones and interaction on number of Striga per plant at Sokoto during 2025/2026 dry season were presented in Table 4. There was significant (P<0.05) effect on variety on number of Striga per plant. All the varieties were statistically similar with the exception of Faro 57 which recorded the least. However, non-significance effects were recorded on agro-ecological zones and the interactions (P>0.05)
Striga dry weight per pot
Screening of Striga hermonthica on Rice cultivars, agro-ecological zones and interaction on Striga dry weight per pot at Sokoto during 2025/2026 dry season were presented in Table 4. Non significance effects were recorded on the varieties, agro-ecological zones and the interaction

Experiment iii: Field evaluation of various Striga hermonthica on rice cultivars 
Number of tillers per plant
Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on number of tillers per plant at Sokoto during 2025/2026 dry season were presented in Table 5. There was significant (P<0.05) effect on variety, agro-ecological zones and the interaction on number of tillers per plant. Faro 57 recorded the highest number of tillers per plant (19.88) and differed significantly with the rest of the other treatments. Otherwise, Sudan savanna recorded the highest number of tillers per plant (17.06), while Sahel and Northern guinea savanna was statistically similar
Plant height at 12 WAS
Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on plant height at Sokoto during 2025/2026 dry season were presented in Table 5. There was significant (P<0.05) effect on variety but non significance effect on agro-ecological zones and the interaction. Jamila recorded the tallest plant (113.78cm) and differed significantly with the rest of the other treatments. However, non-significance effects were recorded on agro-ecological zones, but the interaction between variety and agro-ecological zones were significant 
Panicle length
Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on panicle length at Sokoto during 2025/2026 dry season were presented in Table 5. There was significant (P<0.05) effect on variety but non significance effect on agro-ecological zones and the interaction. Faro 44 recorded the tallest panicle (28.22) and differed significantly with the rest of the other treatments. However, non-significance effects were recorded on agro-ecological zones but the interaction between variety and agro-ecological zones were found to be significant 
Days to maturity
Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on days to maturity at Sokoto during 2025/2026 dry season were presented in Table 5. There was significant (P<0.05) effect on variety, agro-ecological zones and the interaction. Faro 22 recorded the longest days to maturity (149.89 days) and differed significantly with the rest of the other treatments. Variously, Northern guinea savanna recorded the longest days to maturity (132.33) when compared with Sudan and Sahel savannas that recorded 124.00 and 125.60 days respectively. interaction effect between variety and agro-ecological zones were found to be significant, Table 6
Days to Striga emergence
Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on days to Striga emergence at Sokoto during 2025/2026 dry season were presented in Table 5. There was significant (P<0.05) effect on variety, agro-ecological zones and the interaction. Jamila recorded the longest days to Striga emergence (54.66 days) and differed significantly with the rest of the other treatments. Otherwise, Northern guinea savanna recorded the longest days to Striga emergence (53.40 days) when compared with Sudan and Sahel savannas that recorded 51.80 and 51.66 days respectively, while the interaction effect between variety and agro-ecological zones were found to be significant
Number of Striga per plant
Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on number of Striga per plot at Sokoto during 2025/2026 dry season were presented in Table 6. There was significant (P<0.05) effect on variety but non significance effects were recorded on agro-ecological zones and the interaction. Jamila recorded a greater and highest number of Striga per plant (2.77) than the rest of the other treatments. However, non-significance effects were recorded on agro-ecological zones and the interaction
Striga attachment per plant
Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on Striga attachment per plant at Sokoto during 2025/2026 dry season were presented in Table 6. There was significant (P<0.05) effect on variety but non significance effects were recorded on agro-ecological zones and the interaction. Jamila recorded a greater number of Striga attachment per plant (3.22) than the rest of the other treatments. However, non-significance effects were recorded on agro-ecological zones and the interaction
Striga damage score
Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on Striga damage score at Sokoto during 2025/2026 dry season were presented in Table 6. There was significant (P<0.05) effect on variety but non significance effects were recorded on agro-ecological zones and the interaction. Jamila recorded high Striga damage score (2.44) than the rest of the other treatments. However, non-significance effects were recorded on agro-ecological zones and the interaction
Striga dry weight per plant
Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on Striga dry weight at Sokoto during 2025/2026 dry season were presented in Table 6. There was significant (P<0.05) effect on variety but non significance effects were recorded on agro-ecological zones, but a significance effect was observed on the interaction. Jamila recorded the heaviest Striga dry weight per plant (25.24g) than the rest of the other treatments. However, non-significance effects were recorded on agro-ecological zones 


Grain yield (th1)
Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on grain yield at Sokoto during 2025/2026 dry season were presented in Table 6. There was significant (P<0.05) effect on variety, agro-ecological zones and the interaction on grain yield. Faro 57 recorded the heaviest grain yield (7.83 t h1) and differed significantly with the rest of the other treatments. Inversely, Sudan savannah agro-ecological zone produced (6.32 t h1) and were at par with Northern guinea savanna agro-ecological zone, while Sahel savanna agro-ecological zone recorded (5.96 t h1). On the interaction table, Faro 52 + Sudan savanna agro-ecological zone treatment combination produced (8.10 t h1) and differed significantly with the rest of the treatment’s combinations.
DISCUSSION
Experiment i: Morphological characterization and Striga hermonthica seed collection in Sudan, Sahel and Northern guinea savanna agro-ecological zone

The three agro-ecological zones are characterized by the following geographic, climatic and vegetation attributes:
1. Sudan Savannah; this zone has a moderate climate and covers states like Sokoto. It receives between 800 and 1,000 mm of annual rainfall and is characterized by a mix of grasslands, shrubs, and trees. Agricultural practices include cereals cultivation, mostly millet, sorghum, maize, rice and legumes. Striga species mostly found are Striga hermonthica, S. gesneroids, S. densiflora, S. forbesii and S. asiatica
2. Sahel Savannah: This zone covers the northeastern part of Nigeria such as Yobe State. It is a semi-arid region characterized by lower annual rainfall, ranging from 450 to 700 mm. The vegetation consists of shrubs, grasses, and drought-resistant trees. Crops like millet, sorghum and livestock are the mainly grown in the area. Striga species mostly found are Striga hermonthica, S. gesneroids, S. densiflora, S. forbesii and S. asiatica
3. Northern Guinea Savannah: This zone is found in the central part of Nigeria, example Kaduna state and has higher production potential for agriculture. It supports the cultivation of various crops, including rice, maize, sorghum, and millet. This zone has the highest agricultural productivity where maize, rice, soya bean is mainly cultivated Striga species mostly found are Striga hermonthica, S. gesneroids, S. densiflora, S. forbesii and S. asiatica (Abdullah, 2025).

The increasing incidence and variation of Striga morphological characters has been attributed to poor soil fertility and structure, low soil moisture, high temperature, High humidity, Infertile and nutrient depleted soils, soils with low organic matter content, intensification of land use through continuous cultivation and an expansion of cereal production. The extent of yield loss is related to the incidence and severity of attack, the host’s susceptibility to Striga, environmental factors (edaphic and climatic) and the management level at which the crop is produced within the agro-ecological zones
Experiment ii: Screen house experiment
One of the major constraints associated with the use of resistant/tolerant genotypes is the lack of universal resistance and that resistance is said to decrease with time. Therefore, there is a need for continuous screening of Striga germplasm to be able to ascertain varieties to use in resistance breeding.
The identification of rice genotypes that combine outstanding levels of resistance and tolerance is a promising breeding strategy and has been recommended for Striga resistance breeding in several studies. In selecting for tolerance or resistance under Striga infestation, the primary traits of interest are the Striga damage score and number of emerged Striga per plants Presently, rice cultivars with combined resistance and tolerance to Striga hermonthica (possessing both low Striga damage score and few Striga emergence counts) as well as high grain yield have been identified. Striga damage rating score is positively associated with Striga emergence counts, and the two traits are negatively associated with yield under Striga hermonthica infested conditions. Similarly, large positive additive genetic correlation was recorded between grain yield as well as moderately large negative genetic correlations between grain yield and flowering traits. Nevertheless, the genotypic correlation between Striga hermonthica damage rating and Striga hermonthica emergence counts have been found to be low, implying that different genes control the inheritance of the two traits. Striga infestation is dependent on Striga seedbank in the soil resulting from continuous cropping of host plants, leading to the accumulation of Striga seeds which can remain dormant in the soil for more than a decade. The germination of Striga seed is induced by the production of plant hormones called strigolactones produced by the rice plant in the roots. The hormones are released when the plant is under stress. The slow rate of development and deployment of Striga resistant cultivars is largely attributable to the complex genetics of resistance as well as limited knowledge of the specific mechanisms associated with resistance to Striga
The Striga characters such as days to Striga emergence, Striga attachment and number of Striga per pot were all significant in both rice and agro-ecological zones. This observation could be attributed to the differences in the agro-ecological zones, the rice varieties and agro-climatic condition during the growth period of rice plant as manifested by lower temperature, relative humidity ranges and rainfall patterns. 
Experiment iii: Field evaluation of various Striga hermonthica on rice cultivars 
[bookmark: _Hlk224469395][bookmark: _Hlk224470221]Breeding highly Striga hermonthica resistant rice adaptable to wide range of agro-ecological areas in the Sudan savanna agro-ecological zones would be a sustainable solution to manage Striga hermonthica infestations in rice crop in the study area. The present study discerned genotypic differences for agronomic and Striga hermonthica resistance traits, indicating that the target traits are amenable to selection (Dossa et al. 2024). The high values recorded in Faro 57 in some parameters, such as plant height, number of tillers per plant, panicle length and grain yield were expected due to the genetic variability and adaptability of the cultivar in the Study area. Local landraces like Jamila are often described as having tolerance to Striga. However, the moderate level of tolerance exhibited by Jamila variety may no longer provide protection at higher levels of infestation since parameters like number of Striga per plant, Striga attachment per plant, Striga damage score, Striga dry weight per plant recorded highest values among the rice cultivars, therefore, local landraces behave similarly to susceptible cultivars at high infestation levels, supporting more Striga and bringing more parasitic plants to set seed, further enriching the soil seed bank. Where the Striga infestation is high, only cultivars with high levels of Striga resistance would provide protection and help diminish the seed bank.
[bookmark: _Hlk224471181][bookmark: _Hlk224471594][bookmark: _Hlk224568434][bookmark: _Hlk224568498][bookmark: _Hlk224568474]The rice cultivars and agro-ecological zones interaction effect was significant for most of the parameters with the exception of number of Striga per plant, Striga attachment per plant and Striga damage score any of the evaluated traits in both Striga species environments, suggesting the strong influence of rice varieties and agro-ecological zones and the environment. De Groote (2005) opined that Striga hermonthica is a particular problem in areas with low moisture and where soil fertility is being eroded through increased population pressure, decreased use of fallow and minimal use of organic or inorganic fertilizer, hence recording the high number of Striga per plant, Striga dry weight per plant, Striga damage score and Striga attachment per plant in Sudan savannah agro-ecological zones. Therefore, reducing Striga hermonthica damage will have a positive impact on yield component and enhance grain yield under Striga hermonthica infestation (Menkir and Meseka 2019; Badu-Apraku et al. 2021).  

CONCLUSION AND RECOMMENDATION: Based on the findings of this research, it could be concluded that rice as a cereal crop is sensitive to Striga hermonthica infestation. The high values recorded in Faro 57 cultivar in some parameters, such as plant height, number of tillers per plant, panicle length and grain yield were expected due to the susceptibility of Striga hermonthica, genetic variability and adaptability of the cultivar in the Study area. Therefore, reducing Striga hermonthica damage will have a positive impact on yield component and enhance grain yield under Striga hermonthica infestation
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Table 1: Survey of Striga morphological characters on the Striga type, root system, root hair, stem colour, stem hair, stem type and leaf hair in Sudan, Northern Guinea and Sahel Agro-ecological zones during 2025 rainy season
	Agro-ecological zones
	Striga type
	Root system
	Root hairs
	Stem colour
	Stem hair
	Stem type
	Leaf hair

	SUDAN
	
	
	
	
	
	
	

	Wamakko
	Hermonthica
	Fibrous
	Pubescent
	Purple-tinged
	Pubescent
	Slender
	Short, Stiff hairs

	Tangaza
	Hermonthica
	Fibrous
	Pubescent
	Purple-tinged
	Pubescent
	Slender
	Short, Stiff hairs

	NORTHERN GUINEA
	
	
	
	
	
	
	

	Zaria
	Hermonthica
	Fibrous
	Pubescent
	Purple-tinged
	Pubescent
	Slender, branched
	Short, Stiff hairs

	Sabon gari
	Hermonthica
	Fibrous
	Pubescent
	Purple-tinged
	Pubescent
	Slender, branched
	Short, Stiff hairs

	SAHEL
	
	
	
	
	
	
	

	Damaturu
	Hermonthica
	Fibrous
	Pubescent
	Purple-tinged, green
	Pubescent
	Slender, branched
	Short, Stiff hairs

	Geidam
	Senegalensis, Hermonthica
	Fibrous
	Pubescent
	Purple-tinged, green
	Pubescent
	Slender, branched
	Short, Stiff hairs














Table 2: Survey of Striga morphological characters on the leaf hair, leaf blade shape, leaf color, flower color, flower shape, capsule colour, capsule shape and capsule type in Sudan, Northern Guinea and Sahel Agro-ecological zones during 2025 rainy season
	Agro-ecological zones
	Leaf blade shape
	Leaf colour
	Flower colour
	Flower shape
	[bookmark: _Hlk224301828]Capsule colour
	[bookmark: _Hlk224301947]Capsule shape
	[bookmark: _Hlk224302054]Capsule type
	[bookmark: _Hlk224302104]Seed colour

	SUDAN
	
	
	
	
	
	
	
	

	Wamakko
	Linear, lanceolate
	Purple
	Purple, Bright pink
	Tubular
	[bookmark: _Hlk224301858]Dark brown, light brown
	Elliptic
	Dehiscent
	Dark brown, light brown

	Tangaza
	Linear, lanceolate
	Purple
	Purple
	Tubular
	Light brown
	[bookmark: _Hlk224301962]Elliptic, ovate
	Dehiscent
	Light brown, yellowish brown

	NORTHERN GUINEA
	
	
	
	
	
	
	
	

	Zaria
	Linear
	Purple
	Purple
	Tubular, bell-shaped
	Dark brown
	Elliptic
	Dehiscent
	[bookmark: _Hlk224302141]Dark brown

	Sabon gari
	Linear
	Purple
	Purple
	Tubular, bell-shaped
	Dark brown
	Elliptic
	Dehiscent
	Dark brown

	SAHEL
	
	
	
	
	
	
	
	

	Damaturu
	Linear, lanceolate
	Purple
	Purple, Bright pink and red rose
	Tubular, bell-shaped
	Dark brown, light brown
	Elliptic, ovate
	Dehiscent
	[bookmark: _Hlk224302182]Dark brown, light brown and yellowish brown

	Geidam
	Linear, lanceolate
	Purple
	Purple, Bright pink and red rose
	Tubular, bell-shaped
	Dark brown, light brown
	Elliptic, ovate
	Dehiscent
	Dark brown, light brown and yellowish brown





[bookmark: _Hlk223811956]Table 3: Screening of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on days to Striga emergence, Striga attachment and number of Striga per pot at Sokoto during 2025/2026 dry season
	[bookmark: _Hlk224229382]Treatments
	Days to Striga Emergence
	[bookmark: _Hlk224918300]Striga attachment
	[bookmark: _Hlk224918315]Number of Striga per pot

	Variety
	
	
	

	Faro 22
	47.44b
	1.77b
	3.44d

	Faro 44
	50.44a
	1.22b
	4.44ab

	Faro 52
	49.77a
	0.44c
	4.11bc

	Faro 57
	51.22a
	1.44b
	3.66cd

	Jamila
	44.66c
	2.66a
	5.00a

	Faro 58
	-
	-
	-

	Faro 60
	-
	-
	-

	Faro 61
	-
	-
	-

	Faro 66
	-
	-
	-

	Faro 67
	-
	-
	-

	Gawal R1
	-
	-
	-

	Yardas
	-
	-
	-

	Tofa
	-
	-
	-

	SE ±
	0.95
	0.35
	0.31

	Significance
	*
	*
	*

	Agro-Ecological zone
	
	
	

	Sudan
	48.06b
	1.733a
	4.13a

	Sahel
	48.40ab
	1.733a
	4.33a

	Northern Guinea
	49.66a
	1.066b
	3.93a

	SE ±
	0.738
	0.277
	0.24

	Significance
	*
	*
	NS

	Interaction
	
	
	

	V x AEG
	*
	*
	*


Means within a column followed by the same letter (s) are not significantly different at 5% level of probability according to Duncan’s Multiple Range Test (DMRT). * = Significance at 5% (P ≤ 0.05); level of probability. NS = Not significant








Table 4: Screening of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on, Striga damage score, number of Striga per plant and Striga dry weight at Sokoto during 2025/2026 dry season
	[bookmark: _Hlk224915605]Treatments
	Striga damage score
	Number of Striga per plant
	Striga dry weight per pot

	Variety
	
	
	

	Faro 22
	2.00ab
	2.33ab
	22.30a

	Faro 44
	2.11ab
	2.22ab
	26.01a

	Faro 52
	1.66b
	2.22ab
	24.57a

	Faro 57
	1.77b
	1.88b
	21.46a

	Jamila
	2.44a
	2.77a
	25.11a

	Faro 58
	-
	-
	-

	Faro 60
	-
	-
	-

	Faro 61
	-
	-
	-

	Faro 66
	-
	-
	-

	Faro 67
	-
	-
	-

	Gawal R1
	-
	-
	-

	Yardas
	-
	-
	-

	Tofa
	-
	-
	-

	SE ±
	0.24
	0.29
	2.26

	Significance
	*
	*
	NS

	Agro-Ecological zone
	
	
	

	Sudan
	2.06a
	2.46a
	24.04a

	Sahel
	1.93a
	2.33a
	25.08a

	Northern Guinea
	2.00a
	2.04a
	22.55a

	SE ±
	0.18
	0.22
	1.75

	Significance
	NS
	NS
	NS

	Interaction
	
	
	

	V x AEG
	NS
	NS
	NS


Means within a column followed by the same letter (s) are not significantly different at 5% level of probability according to Duncan’s Multiple Range Test (DMRT). * = Significance at 5% (P ≤ 0.05); level of probability. NS = Not significant









 

Table 5: Interaction table on the screening of Striga hermonthica between Rice cultivars and Agro-ecological zones and on days to Striga emergence, number of Striga per pot, Striga damage score, Striga attachment, total number of Striga per plant and Striga dry weight per pot at Sokoto during 2025/2026 dry season
	Treatments
	Days to Striga emergence
	Number of Striga per pot
	Striga damage score
	Striga attachment
	Total number of Striga per plant
	Striga dry weight per pot

	[bookmark: _Hlk223867651]V1 SD
	46.00bcde
	3.66ab
	2.00a
	2.33ab
	3.00a
	22.04a

	V1 SH
	45.33cde
	3.66ab
	1.66a
	2.33ab
	2.33a
	24.40a

	V1 NG
	51.00a
	3.00b
	2.33a
	0.66ab
	1.66a
	20.46a

	V2 SD
	51.66a
	4.33ab
	2.33a
	1.66ab
	2.33a
	27.80a

	V2 SH
	49.33abcd
	5.00a
	2.00a
	1.66ab
	2.33a
	26.76a

	V2 NG
	50.33ab
	4.00ab
	2.00a
	0.33b
	2.00a
	23.46a

	V3 SD
	48.33abcde
	3.33ab
	2.00a
	0.66ab
	1.66a
	22.50a

	V3 SH
	51.00a
	4.66ab
	1.66a
	0.33b
	2.66a
	26.20a

	V3 NG
	50.00abc
	4.33ab
	1.66a
	0.33b
	2.33a
	25.03a

	V4 SD
	49.33abcd
	3.33ab
	1.66a
	1.33ab
	2.33a
	22.24a

	V4 SH
	52.00a	
	3.33ab
	2.00a
	1.66ab
	1.66a
	18.90a

	V4 NG
	52.33a
	3.33ab
	1.66a
	1.33ab
	1.66a
	23.26a

	V5 SD
	45.00de
	5.00a	
	2.66a
	2.66a
	3.00a
	25.63a

	V5 SH
	44.33e	  
	5.00a
	2.33a
	2.66a
	2.66a
	29.16a

	V5 NG
	44.66de
	5.00a
	2.33a
	2.66a
	2.66a
	20.55a

	SE ±
	1.33
	0.47

	0.44
	0.61
	0.48
	3.95

	Significance
	*
	*
	NS
	*
	NS
	NS


Means within a column followed by the same letter (s) are not significantly different at 5% level of probability according to Duncan’s Multiple Range Test (DMRT). * = Significance at 5% (P ≤ 0.05); level of probability. NS = Not significant









[bookmark: _Hlk224918545][bookmark: _Hlk224469379]Table 6: Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on number of tillers per plant, plant height at 12 WAS, panicle length, days to maturity and days to Striga emergence days to at Sokoto during 2025/2026 dry season
	Treatments
	Number of tillers per plant
	Plant height at 12 WAS
	Panicle length
	[bookmark: _Hlk224470400]Days to maturity
	[bookmark: _Hlk224470810]Days to Striga emergence

	Variety
	
	
	
	
	

	Faro 22
	16.11c
	99.22b
	15.02d
	[bookmark: _Hlk224470547]149.89a
	50.33c

	Faro 44
	18.00b
	82.22c
	[bookmark: _Hlk224470314]28.22a
	120.33c
	52.22bc

	Faro 52
	16.22c
	86.89c
	25.38c
	124.44b
	51.77bc

	Faro 57
	19.88a
	102.00b
	25.14c
	124.44b
	52.44b

	Jamila
	9.79d
	[bookmark: _Hlk224470073]113.78a
	15.84d
	117.44c
	[bookmark: _Hlk224470944]54.66a

	SE ±
	0.81
	2.49
	0.63
	1.607
	1.01

	Significance
	*
	*
	*
	*
	*

	Agro-Ecological zone
	
	
	
	
	

	Sudan
	17.06a
	95.86a
	21.57a
	[bookmark: _Hlk224470739]124.00b
	[bookmark: _Hlk224471073]51.80b

	Sahel
	15.30b
	96.33a
	21.36a
	[bookmark: _Hlk224470751]125.60b
	[bookmark: _Hlk224471086]51.66b

	[bookmark: _Hlk224470609]Northern Guinea
	15.62b
	98.26a
	21.64a
	[bookmark: _Hlk224470591]132.33a
	[bookmark: _Hlk224470995]53.40a

	SE ±
	0.63
	1.93
	0.48
	1.24
	0.78

	Significance
	*
	NS
	NS
	*
	*

	Interaction
	
	
	
	
	

	V x AEG
	*
	*
	*
	*
	*


Means within a column followed by the same letter (s) are not significantly different at 5% level of probability according to Duncan’s Multiple Range Test (DMRT). * = Significance at 5% (P ≤ 0.05); level of probability. NS = Not significant












Table 7: Evaluation of Striga hermonthica on Rice cultivars, Agro-ecological zones and Interaction on number of Striga per plot, Striga attachment, Striga damage score, Striga dry weight ang grain yield at Sokoto during 2025/2026 dry season
	[bookmark: _Hlk224569831]Treatments
	Number of Striga per plant
	Striga attachment per plant
	Striga damage score
	[bookmark: _Hlk224918755][bookmark: _Hlk224568888]Striga dry weight per plant (g)
	Grain yield (th1)

	Variety
	
	
	
	
	

	Faro 22
	2.33ab
	2.22b
	1.88b
	18.81bc
	3.67e

	Faro 44
	2.22ab
	1.88b
	2.11ab
	21.87ab
	7.16b

	Faro 52
	2.22ab
	1.33b
	1.66b
	20.14bc
	6.58c

	Faro 57
	1.88d
	2.00b
	1.77b
	17.41c
	[bookmark: _Hlk224472719]7.83a

	Jamila
	[bookmark: _Hlk224471515]2.77a
	[bookmark: _Hlk224471690]3.22a
	2.44a
	[bookmark: _Hlk224472353]25.24a
	5.47d

	SE ±
	0.29
	0.45
	0.25
	1.72
	0.16

	Significance
	*
	*
	*
	*
	*

	Agro-Ecological zone
	
	
	
	
	

	Sudan
	2.46a
	2.13a
	2.00a
	20.42a
	[bookmark: _Hlk224472833]6.32a

	Sahel
	2.33a
	2.33a
	1.93a
	20.50a
	5.96b

	Northern Guinea
	2.06a
	1.93a
	2.00a
	21.16a
	6.16ab 

	SE ±
	0.22
	0.35
	0.19
	1.54
	0.13

	Significance
	NS
	NS
	NS
	NS
	*

	Interaction
	
	
	
	
	

	V x AEG
	NS
	NS
	NS
	*
	*


[bookmark: _Hlk223864117]Means within a column followed by the same letter (s) are not significantly different at 5% level of probability according to Duncan’s Multiple Range Test (DMRT). * = Significance at 5% (P ≤ 0.05); level of probability. NS = Not significant














Table 8: Interaction table on the evaluation of Striga hermonthica between Rice cultivars and Agro-ecological zones on days to Striga emergence, Striga dry weight per plant, Striga damage score, Striga attachment, number of Striga per plant, panicle length, number of tillers per plant, plant height at 12WAS, days to maturity and grain yield at Sokoto during 2025/2026 dry season
	Treatments
	Days to Striga emergence
	Striga
dry weight per plant
	Striga damage score
	Striga attachment
	Number of Striga per plant
	Panicle length
(CM
	Number of tillers per plant
	Plant height at 12 WAS
	Days to maturity
	Grain yield

	[bookmark: _Hlk223868667]V1 SD
	50.66ab
	17.17ab
	1.66a
	2.66a
	3.00a
	15.80d
	17.66abc
	96.67cdefg
	142.67b
	3.90sg

	V1 SH
	47.33a	
	19.83ab

	1.66a

	2.66a
	2.33a
	14.21d
	14.33cd
	97.67cdef
	149.00b
	3.43g


	V1 NG
	53.00a
	19.43ab

	2.33a

	1.33a
	1.66a
	15.07d

	16.33bc

	103.33bcd
	158.00a
	3.70g

	V2 SD
	53.33a

	24.70a
	2.33a
	1.66a

	2.33a
	27.36ab
	19.66ab
	82.67gh
	117.67ef

	7.50abc

	V2 SH
	52.66ab
	22.400ab
	2.00a
	2.66a
	2.33a
	29.93a
	17.00abc
	85.33efgh

	120.00ef
	7.10abc

	V2 NG
	50.66ab
	18.53ab
	2.00a
	1.33a
	2.00a

	27.37ab
	17.33abc
	78.67h

	123.33cde
	6.90bc

	V3 SD
	50.33ab
	17.66ab
	1.66a

	1.33a
	1.66a
	25.03bc
	16.33bc

	85.00efgh
	120.33def
	6.53cde

	V3 SH
	52.66ab
	21.33ab

	1.66a

	1.00a
	2.66a
	24.76bc
	16.00bc
	91.00defgh
	123.00cde

	6.53cde

	V3 NG
	52.33ab
	21.43ab
	1.66a

	1.66a
	2.33a
	26.36bc
	16.33bc
	84.67fgh
	130.00c
	6.70cd

	V4 SD
	49.66ab
	19.96ab
	1.66a

	2.66a
	2.33a
	23.27c
	22.00a
	101.00bcd
	121.00def

	8.10a


	V4 SH
	53.33a
	16.16b
	2.00a
	1.66a

	1.66a

	23.17c
	18.66abc
	99.00cde
	123.33cde

	7.53abc

	V4 NG
	54.33a
	19.10ab
	1.66a

	1.66a

	1.66a

	23.00c
	19.00abc
	106.00abc
	129.00cd
	7.86ab

	V5 SD
	55.00a
	22.63ab

	2.66a
	2.33a
	3.00a
	16.38d
	9.67de
	114.00ab
	118.33ef

	5.56ef

	V5 SH
	54.33a
	25.76a
	2.33a

	3.66a
	2.66a
	14.73d
	10.53de
	108.67abc
	112.67f
	5.21f

	V5 NG
	54.66a
	27.33a
	2.33a

	3.66a
	2.66a
	16.43d
	9.13e
	118.67a

	121.33cdef

	5.63def

	SE ±
	1.45
	1.90
	0.45
	0.73
	0.48
	0.95
	1.39
	3.80
	2.35
	0.30

	Significance
	*
	*
	NS
	NS
	NS
	*
	*
	*
	*
	*


Means within a column followed by the same letter (s) are not significantly different at 5% level of probability according to Duncan’s Multiple Range Test (DMRT). * = Significance at 5% (P ≤ 0.05); level of probability. NS = Not significant
