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1 
 

Evaluation of the resistance to water stress of the two (2) agroforestry species in nurseries 1 

Gmelina arborea and Jatropha curcasin Faranah 2 

 3 

Abstract  4 

One of the main abiotic limitations in tropical agroforestry and nursery production systems is 5 

water stress or drought. The purpose of this study is to assess how Gmelina 6 

arboreaandJatropha curcas a fast-growing agroforestry tree species reacts to various watering 7 

schedules in nursery settings. To evaluate its resistance to water deficit,germination, important 8 

physiological and growth parameters are assessed. The findings suggestthe correlation 9 

patterns confirm the significant impact of water deficiency on physiological integrity. Under 10 

stressful circumstances, leaf necrosis significantly increased.The model explained 91.7% of 11 

the growth rate variance (p < 0.0001), and stressed seedlings showed reduced elongation and 12 

biomass accumulation. Collar diameter is significantly impacted by a lack of water. Its 13 

variability was explained by stress level (p < 0.0001) with 98.8%, suggesting a considerable 14 

reduction in stem thickening under situations of high stress.Additionally, there was a 15 

substantial correlation between stay-green and plant height, indicating that chlorophyll 16 

retention promotes seedling growth.The results guide the choice of species for plantations in 17 

water-limiting locations and nursery hardening. 18 

 19 
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The intensification of climate change and its effects on ecosystems and the resources available 32 

for forest growth and productivity have been exacerbated by ongoing global warming (López 33 

Aguirre and Barrios Trilleras, 2024). Water supply for forests is limited by the ongoing water 34 

stress and droughts that many forest ecosystems are currently experiencing. which are 35 

predicted to become more frequent and severe (Plomion, 2016).Forest production. growth 36 

rates. and resource usage efficiency are all impacted by water constraints (Berner, 37 

2017).Given the current state of climate change and the growing global population. 38 

environmental problems are increasingly amplified in industrialized countries. In developing 39 

countries. these problems are characterized by rising temperatures, irregular rainfall, drought, 40 

etc. 41 

Reduced soil water availability and hot, dry weather are the main causes of water 42 

deficits.Thishas a significant impact on plant development, yield, and productivity by 43 

continuously losing water through transpiration and evaporation (Crespoet al., 2011).The 44 

frequency and distribution of rainfall, evaporative demands, and soil moisture storage 45 

capacity are just a few of the variables that affect how severe a drought will be (Jaleel, 2009). 46 

The research on agroforestry plants resistant to water stress may be a solution for agricultural 47 

development and environmental protection.Among these plants,Gmelina arborea 48 

(Verbenaceae) and Jatropha curcas(Euphorbiaceae) have already shown performance under 49 

certain conditions. 50 

Gmelina arborea is a plant that have a capacity to adapt to many tropical settings, its quick 51 

growth. and its high-quality wood for a variety of applications make it a significant forest 52 

species(Rojaset al., 2012).Reduced water loss through natural processes is guided by plant 53 

physiological strategies in response to microclimatic cycles. One such strategy is stomatal 54 

closure, which lowers water loss through transpiration while also limiting CO2 entry. This 55 

lowers the rate of photosynthesis and the translocation of photoassimilates to various plant 56 

organs. thereby lowering the pressure gradient required for nutrient entry through the root 57 

(Breda et al.,2006;Sachan et al., 2020).Jatropha curcas has become a versatile plant in the last 58 

ten years. being successfully used to produce biofuel and extract chemicals that are important 59 

in the pharmaceutical. agricultural. and industrial sectors. It can be used to revitalize 60 

underutilized mining sites and neglected territories (Solís-Ramoset al., 2023; Agganganet al., 61 

2013; González-Chávezet al., 2017).J. curcas can reduce soil deterioration, desertification, 62 

and deforestation and thrives in regions with severe climates conditions and minimal 63 

precipitation (Niuet al., 2012).In order to increase the value of drought-affected land, 64 

afforestation practices should be prioritized in these places. This can be achieved by 65 
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cultivating and planting drought-specific species that are economically significant. The 66 

objective of the current study was to examine how Gmelina arborea and Jatropha 67 

curcasperformed under drought stress in in nursery conditions. 68 

Materiel et method  69 

Experimental site and Plant material 70 

In the nursery. pot culture experiments were carried out.The experiment was performed at 71 

Hight Institute of Agronomic and Veterinary of Faranah. Two species (Gmelina arborea and 72 

Jatropha curcas) were selected to conduct the experiment. The seeds were collected from 73 

Faranah region. The studies were conducted before first shower of rainfall (From December 74 

to April).  75 

Treatments and Experimental design 76 

The experiment was performed with polythene bags of standard size filled with a substrate 77 

composed of potting soil (75%) and sand (25%).In order to observe the effects of drought 78 

stress on Gmelina arborea and Jatropha curcas, the watering was performed for everyday 79 

(V1), every two days (V2) and every three days (V3).The variants correspond to the following 80 

factorial treatments: E1V1:Gmelina arborea (every day); E1V2:Gmelina arborea (each 2 81 

days);E1V3:Gmelina arborea (each 3 days);E2V1:Jatropha curcas (every day); 82 

E2V2:Jatropha curcas (each 2 days) and E2V3:Jatropha curcas(each 3 days).The 83 

experimental design used is a Complete Randomized Block FactorialDesign with 3 repetitions 84 

and 6 factorial treatments. 85 

Morphological parameters 86 

The measurements taken during daily cycles. The parameters evaluated were: 87 

- Germination rate was calculated with the following formula 88 

𝐺𝑅 =
number of germinated seeds

number of seeds sown
𝑥100 

- The plant height.growth rate and collar diameter were determined by measurement; 89 

- The size of leaves (SL) was calculated as described by Montgomery(1911)with SL = Leaf 90 

length × Leaf width × 0.8 91 

Assessment of water stress 92 

The parameters "Stay green" character and Leaf necrosis were evaluated. The "Stay green" 93 

(SG) character the behavior of a plant that remains green while under water stress by 94 

developing mechanisms that allow it to maintain its turgor despite the water deficit. The rate 95 

was determined  𝑆𝐺 =
number  of  plants  remaining  green

total  number  of  plants
𝑥100. The Leaf necrosis (LN) is caused 96 

1
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by a prolonged and more or less severe effect of drought on plants, their intensity. and their 97 

degree of drought resistance. The rate was calculated with the following formula: 98 

𝐿𝑁 =
number of necrotic plants

total number of plants
𝑥100 

Statistical Analysis 99 

The data were statistically analyzed usingGenStat Release 12.1.By comparing computed F 100 

values with tabular Fvalues, an Analysis of Variance (ANOVA) table was created and 101 

considerable variation between the various treatments was found. After determining the 102 

critical difference (CD) at 1% significance levels, a pairwise comparison of the chosen 103 

treatments was carried out. 104 

Results  105 

Statistical analysis of parameters 106 

The analysis of variance results shows water stress significant (P <0.01) effect on 107 

Germination rate,stay green,leaf necrosis, growth rate andcollar diameter.Contrary, theleaf 108 

surface and growth rate were not significant (P <0.01) indicated that to two parameters were 109 

not affected by the stress (table 1). 110 

Table 1: Analysis of Variance (ANAOVA) of parameters 111 

  

Germination 

rate 

Stay 

green 

LeafNecrosi

s 

Plant  

height 

Leaf 

surface 

Growth 

rate 

Collar 

diameter 

R² 0.990 0.937 0.866 0.487 0.344 0.917 0.988 

F 246.103 35.805 15.529 2.280 1.257 26.656 190.165 

Pr > F < 0.0001 

< 

0.0001 < 0.0001 0.112 0.343 < 0.0001 < 0.0001 

Effects of water stress on germination, stay green and leaf necrosis 112 

The germination performance of the species under study was considerably impacted by water 113 

stress. With an R
2
 of 0.990, germination rate demonstrated a very robust response to water 114 

deficit, meaning that water stress level accounted for 99% of its variability.The effect was 115 

highly significant (F = 246.103; p < 0.0001).  Similarly, water stress had a significant impact 116 

on the stay-green trait, which represents the retention of leaf chlorophyll (R
2
 = 0.937; F = 117 

35.805; p < 0.0001). Greater water (everyday) caused seedlings to undergo chlorosis and lose 118 

their green coloration more quickly (Photo 1).Under stressful circumstances, leaf necrosis 119 

significantly increased. The regression model demonstrated a high correlation between 120 

moisture availability and tissue death, explaining 86.6% of necrosis variability (R² = 0.866; F 121 

= 15.529; p < 0.0001).Under stress conditions, leaf necrosis significantly increased. The 122 

1

9
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regression model demonstrated a high correlation between moisture availability and tissue 123 

death, explaining 86.6% of necrosis variability (R² = 0.866; F = 15.529; p < 0.0001). for the  124 

 125 

Photo 1. Gmelina arboreaand Jatropha curcasin vegetation 126 

The rates of germination differed greatly between treatments (Figure 1). Gmelina arborea 127 

under 2 and 3 days once watering had the highest values, both of which reached 100%, 128 

suggesting ideal conditions for seedling emergence in these treatments. Though marginally 129 

lower than Gmelina, Jatropha curcas under once watering 2 and 3 days likewise displayed 130 

great germination rates (96.29%). On the other hand, both species showed the lowest 131 

germination rates under watering everyday treatment (74.07%), indicating that this treatment 132 

was less conducive to seed activation and emergence. These findings show that, independent 133 

of species, once watering in 2 and 3 days conditions significantly increase seed germination, 134 

whereas watering everyday seems to be limiting for early seedling establishment. 135 
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 136 

Figure 1: Effect of water stress on the Germination 137 

Both stay-green percentage and leaf necrosis showed significant variations across treatments 138 

(figure 2). Under once watering in three days, Gmelina arborea (88.88%) and Jatropha 139 

curcas (80.55%) had the greatest stay-green values, suggesting that seedlings under once 140 

watering in 3 days are better able to retain functioning leaf under water constraint. Both 141 

species under watering every day, on the other hand, displayed 0% stay-green, indicating that 142 

this treatment significantly reduced leaf functioning and hastened senescence.The results of 143 

leaf necrosis revealed an inverse trend. Jatropha curcas every day watering (88.88%) and 144 

once watering every 2 days (80.55%) showed the highest levels of necrosis, indicating 145 

significant physiological damage under stress.  In contrast, Gmelina arborea every day 146 

watering (12.63%) and G. arborea once watering every 2 days (44.44%) had the lowest 147 

necrosis values, indicating that Gmelina has stronger tolerance mechanisms under certain 148 

treatments. 149 

11
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 150 

Figure 2: Impact of water stress on stay green and leaf necrosis 151 

Effects stress water on Morphological Growth Parameters  152 

Water stress had a minor impact on plant height, although it was not statistically significant 153 

(R
2
 = 0.487; F = 2.280; p = 0.112). This reveals that plant height is not a reliable indication of 154 

stress in the species and shows a considerable degree of variability across seedlings. Similarly, 155 

leaf surface was not significantly sensitive to the stress gradient (R
2
 = 0.344; F = 1.257; p = 156 

0.343).  Although leaf area tended to decrease under water deficit, but the variation was not 157 

sufficiently consistent to generate a statistically supported trend.Growth rate, on the contrary, 158 

responded strongly and significantly to water stress. Stressed seedlings exhibited decreased 159 

elongation and biomass accumulation, and the model accounted for 91.7% of growth rate 160 

variance (R² = 0.917; F = 26.656; p < 0.0001). Water deficiency also has a significant impact 161 

on collar diameter.  Stress level accounted for 98.8% of its variability (R² = 0.988; F = 162 

190.165; p < 0.0001), indicating a significant decrease in stem thickening under extreme 163 

stress conditions. 164 

There were notable differences in plant height between treatments. Jatropha curcas watering 165 

once in 3 days produced the tallest seedlings (34.73 cm), suggesting that this treatment 166 

promoted vertical development in spite of water deprivation. Gmelina arborea watering once 167 

in 3 days (30.83 cm) and G. arborea watering once in 2 days (28.91 cm) had the next highest 168 

values, whereas J. curcas watering every day (22.83 cm) had the lowest plants. Overall, these 169 

findings indicate that whereas watering every day was linked to slower development in both 170 
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species, watering once in 3 days circumstances encouraged more shoot elongation (figure 171 

3).Leaf surface area values were comparatively constant for all species and circumstances, 172 

and they did not differ as much between treatments. Gmelina arborea watering once in 3 days 173 

(69.847 cm
2
) and G. arborea watering once in 2 days(54.653 cm

2
) had the biggest leaf 174 

surfaces, indicating improved leaf expansion under these treatments.  In contrast, J. curcas 175 

watering once in 3 days (38.837 cm²) and J. curcas watering every day (41.280 cm²) had the 176 

lowest leaf surface values.  These results imply that under the same conditions, Gmelina 177 

arborea retained larger and more developed foliage than Jatropha curcas, which may indicate 178 

that more resources were allocated to leaf development (figure 3). 179 

 180 

Figure 3:Effects stress waterplant height and leaf surface 181 

The two species' disparate growth tactics are highlighted by the statistical discrepancies 182 

between them (figure 4): 183 

 Gmelina arborea: minimal sensitivity to watering frequency, rapid height 184 

development, and weak radial expansion. 185 

 Jatropha curcas: enhanced biomass accumulation with frequent irrigation, robust stem 186 

diameter development, and delayed height growth. 187 

Overall, the findings indicate thatJ. curcas grows a stronger and more resilient stem, 188 

particularly under ideal watering conditions, while G. arborea is better suited for quick 189 

canopy formation. These results are crucial for species selection in dryland agroforestry, 190 

plantation management, and reforestation, when water availability and growth goals differ. 191 
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 192 

Figure 4: Evaluation of growth rate and plant diameter collar 193 

Correlation among growth and physiological variables  194 

Strong correlations between the measured qualities were shown by the correlation matrix. 195 

Stay-green (r = 0.899), plant height (r = 0.644), and leaf surface (r = 0.600) were all positively 196 

connected with germination rate, suggesting that seedlings with strong early vigor tended to 197 

retain bigger leaf area and greener foliage. Additionally, there was a substantial correlation (r 198 

= 0.779) between stay-green and plant height, indicating that chlorophyll retention promotes 199 

seedling growth.Plant height (r = -0.360) and growth rate (r = -0.465) were negatively linked 200 

with leaf necrosis, indicating that tissue damage lowers overall seedling performance. Growth 201 

rate and collar diameter had a very high negative association (r = -0.978), suggesting that 202 

stressed seedlings prefer elongation over stem thickening as a compensatory response. 203 

Growth rate and leaf surface had a moderate correlation (r = 0.645), indicating that seedlings 204 

with larger leaves often grow more quickly under mild stress (table 2). Overall, the correlation 205 

patternsconfirm the significant impact of water deficiency on physiological integrity 206 

(necrosis, chlorosis), which subsequently affects biomass allocation and growth dynamics. 207 

Table 2.Correlation matrix 208 

Variables 

Germination 

rate 

Stay 

green LeafNecrosis 

Plant  

height 

Leaf 

surface 

Growth 

rate 

Collar 

diameter 

Germination rate 1 0.899 0.157 0.644 0.600 0.192 -0.185 
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Stay_green 0.899 1 0.181 0.779 0.539 0.124 -0.100 

LeafNecrosis 0.157 0.181 1 -0.360 0.315 -0.465 0.580 

Plant height 0.644 0.779 -0.360 1 0.162 0.236 -0.327 

Leaf surface 0.600 0.539 0.315 0.162 1 0.645 -0.530 

Growth rate 0.192 0.124 -0.465 0.236 0.645 1 -0.978 

Collardiameter -0.185 -0.100 0.580 -0.327 -0.530 -0.978 1 

 209 

Discussion  210 

The study findings show that water stress has a substantial impact on seedlings physiological 211 

and morphological development,with notable effects on germination, growth rate, collar 212 

diameter, necrosis, and chlorophyll retention. These results are in line with several research on 213 

the drought sensitivity of tropical agroforestry species, especially fast-growing hardwoods 214 

like Gmelina arborea. 215 

The strong effect of water deficit on germination (R² = 0.990) confirms that early 216 

developmental stages are highly sensitive to water availability.Similar findings have been 217 

reported by a number of writers, who point out that insufficient moisture decreases radicle 218 

emergence, inhibits imbibition, and delays enzyme activation (Bewley et al., 2013).  219 

According to Valverde et al. (2021), Gmelina arborea exhibited limited tolerance at early 220 

developmental stages, as evidenced by a considerable fall in germination percentage under 221 

lower watering frequency. 222 

A key characteristic associated with delayed leaf senescence is the stay-green feature, which 223 

allows the plant to sustain photosynthetic activity for a longer period of time under early and 224 

terminal drought. Early leaf senescence, decreased chlorophyll content, and ultimately low 225 

maize production are caused by reduced water availability (Kathirvelan et al., 2025).Thus, the 226 

strong association between germination and stay-green found in this study is indicative of the 227 

normal physiological reactions of stressed seedlings.A promising strategy to increase crop 228 

thermotolerance and production stability is the stay green trait, which is characterized by 229 

delayed senescence and sustained photosynthetic activity under stress (Shricharan and Kumar 230 

2025). 231 

Under water stress, leaf necrosis significantly increased, demonstrating that oxidative stress 232 

and turgor loss caused by a water shortage cause structural damage in tissues.  Similar 233 

patterns have been observed in tropical deciduous species, where extended dryness causes leaf 234 

abscission and marginal necrosis (Chaves et al., 2003).  According to Valverde et al. (2021), 235 

3 3

3

5 5
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Gmelina arborea had severe drought-induced necrosis, with tissue damage closely linked to 236 

reduced photosynthesis and compromised water transport.  Thus, the correlations between 237 

necrosis, plant height, and growth rate found in this study are in line with recognized 238 

physiological disturbances. Niu and al. (2012)demonstrated that the growth and leaf 239 

development of Jatropha plants cultivated in greenhouses were considerably decreased by 240 

saline stress and insufficient irrigation. 241 

Water stress caused moderate and nonsignificant responses in plant height and leaf surface, 242 

indicating that these characteristics are less accurate predictors of early drought impacts.  This 243 

trend aligns with the findings of Ngidlo (2017), who observed that Gmelina arborea seedlings 244 

may sacrifice lateral expansion and stem thickening in order to sustain height elongation 245 

under stress.  Rather than biomass buildup, height growth under water stress frequently 246 

represents a survival strategy meant to improve access to light. 247 

Strong positive correlations between germination, stay-green, leaf surface, and plant height 248 

were found by the correlation analysis.The findings of Valverde et al. (2021), who 249 

demonstrated that increasing tissue damage dramatically lowers photosynthetic efficiency and 250 

growth in Gmelina arborea seedlings, are consistent with the negative link between leaf 251 

necrosis and growth rate.The very strong negative correlation (r = -0.978) between growth 252 

rate and collar diameter is one noteworthy discovery, indicating a shift in biomass allocation 253 

toward vertical elongation at the expense of radial development.  In order to preserve a 254 

competitive edge in the face of water scarcity, plants prioritize shoot elongation, which is 255 

reflected in this trade-off (Blum, 2011). Under water stress, Gmelina arborea and other 256 

Meliaceae and Verbenaceae species have been shown to exhibit such allocation patterns. 257 

 258 

Conclusion  259 

Overall, the findings of this study are consistent with the body of knowledge about the 260 

responses of tropical agroforestry species to drought.The significant impacts of water stress 261 

on physiological markers and the variable effects on morphological traits demonstrate the 262 

complexity of drought resistance mechanisms. Collar diameter and growth rate may be 263 

helpful early indicators of water stress for nursery management due to their great sensitivity. 264 

However, because they could mask underlying stress effects, plant height and leaf area should 265 

be interpreted with caution. 266 

References  267 

7

Page 15 of 17 - Integrity Submission Submission ID trn:oid:::1:3420730163

Page 15 of 17 - Integrity Submission Submission ID trn:oid:::1:3420730163



 

12 
 

1. López Aguirre. A.M., Barrios Trilleras.A. Variability of Water Use Efficiency of Gmelina 268 

arborea Plantations in the Tropical Dry Forest of Colombia. Forests 2024. 15. 1192.  269 

2. Plomion C., Bartholomé J.,Bouffier L., Brendel O.,Cochard H., De Miguel M.,Delzon.S., 270 

Gion J.M., Gonzalez-Martinez S.C.,Guehl J.M. Understanding the Genetic Bases of 271 

Adaptation to Soil Water Deficit in Trees through the Examination of Water Use 272 

Efficiency and Cavitation Resistance: Maritime Pine as a Case Study. J. Plant Hydraul. 273 

2016. 3. e008. 274 

3. Berner L.T., Law B.E., Hudiburg T.W. Water Availability Limits Tree Productivity. 275 

Carbon Stocks. and Carbon Residence Time in Mature Forests across the Western US. 276 

Biogeosciences. 2017. 14. 365–378. 277 

4. Crespo S. C., Moreno-Chacón A. L., Rojas A. and Melgarejo L. M. Principal Component 278 

Analysis of Changes due to Water Stress for Some Osmolytes. Pigments and Antioxidant 279 

Enzymes in Gmelina arborea Robx. Leaves from Trees Planted in Northern Colombia. J. 280 

Braz. Chem. Soc. Vol. 22. No. 12. 2275-2280. 2011. 281 

5. Jaleel C. A., Manivannan P., Wahid A., Farooq M., Somasundaram R., Panneerselvam R. 282 

Drought stress in plants: A review on morphological characteristics and pigments 283 

composition. International Journal of Agriculture and Biology. 2009; 11:100-105. 284 

6. Rojas A., Moreno L., Melgarejo L. M. and Rodríguez M. M. A. Physiological response of 285 

gmelina (Gmelina arborea Roxb.) to hydric conditions of the colombian Caribbean. 286 

Agronomía Colombiana 30(1). 52-58. 2012 287 

7. Breda N., HucR., Granier A.and DreyerE. Temperate Forest trees and stands under severe 288 

drought: a review of eco physiological responses. adaptation processes and long-term 289 

consequences. Ann. For. Sci. 2006.63. 625-644. 290 

8. Sachan S., Verma S., Kumar S.and kumar A.Morphological, physiological and 291 

biochemical performance of Tectona grandis and Gmelina arborea under drought stress 292 

conditions. International Journal of Chemical Studies. 2020; 8(1): 1305-1314 293 

9. Solís-Ramos L.Y., Andrade-Torres A., Polo-Marcial M.H., Romero-Ceciliano M., Coto 294 

López C., Ávila-Arias C., Rojas-Jiménez K. Mycorrhizal Fungi Colonization of Jatropha 295 

curcas Roots and Its Impact on Growth and Survival under Greenhouse-Induced Hydric 296 

Stress. Agriculture 2023. 13. 2197. 297 

10. Aggangan N., Moon. H.K. The effects of soil sterilization. mycorrhizal inoculation. and 298 

rates of phosphorus on growth and survival of Kalopanaxseptemlobusmicroplants during 299 

the acclimatization period. Plant Biotechnol. Rep. 2013. 7. 71–82. 300 

Page 16 of 17 - Integrity Submission Submission ID trn:oid:::1:3420730163

Page 16 of 17 - Integrity Submission Submission ID trn:oid:::1:3420730163



 

13 
 

11. González-Chávez M.C., Carrillo-González R., Hernández G.M.I., Lozano. E.S. Jatropha 301 

curcas and assisted phytoremediation of a mine tailing with biochar and a mycorrhizal 302 

fungus. Int. J. Phytoremediation 2017. 19. 174–182. 303 

12. Niu G., RodriguezD., Mendoza M., JifonJ. andGanjegunteG. Responses of 304 

Jatrophacurcas to Salt andDroughtStresse International Journal of Agronomy. Volume 305 

2012 306 

13. Montgomery E. G. (1911). Correlation studies in corn. Nebraska Agricultural Experiment 307 

Station Annual Report. 24. 108–159. 308 

14. Bewley J. D., Bradford K. J., Hilhorst H. W. M. andNonogaki H. (2013). Seeds: 309 

Physiology of Development, Germination and Dormancy (3rd ed.). Springer. 310 

15. Valverde J. C., Arias-AguilarD., Montero-Zeledón E. and Gutiérrez-Fallas D. (2021). 311 

Fluorescence, reflectance, and physiological response to water stress in Gmelina 312 

arboreaRoxb seedlings. Uniciencia, 35(1), 320–334. DOI: 10.15359/ru.35-1.20 313 

16. Kathirvelan P., Vaishnavi S., Manivannan V.,Djanaguiraman M.,Thiyageshwari S. Effect 314 

of foliar application of nano micro nutrients and deficit irrigation on stay green 315 

characteristics and drought resistance in maize. 2025. FAO AGRIS - International System 316 

for Agricultural Science and Technology 317 

17. Shricharan S. and Kumar P. Stay green to stay alive: hormonal regulation of stay green 318 

trait under heat stress in crop plants. Plant Physiol. Rep. 30. 480–490 (2025). 319 

https://doi.org/10.1007/s40502-025-00887-8 320 

18. Chaves M. M., Maroco J. P. andPereira J. S. (2003). Understanding plant responses to 321 

drought- from genes to the whole plant. Functional Plant Biology, 30(3), 239–264. 322 

19. Ngidlo R. T. (2017). Water Treatments and Root-Shoot Growth Relations in Yemane 323 

(Gmelina arborea Roxb.) Seedlings. American Journal of Agriculture and Forestry, 5(2), 324 

25–32. https://doi.org/10.11648/j.ajaf.20170502.13 325 

20. Blum A. (2011). Plant Breeding for Water-Limited Environments. Springer. 326 

Page 17 of 17 - Integrity Submission Submission ID trn:oid:::1:3420730163

Page 17 of 17 - Integrity Submission Submission ID trn:oid:::1:3420730163

https://doi.org/10.1007/s40502-025-00887-8
https://doi.org/10.11648/j.ajaf.20170502.13

