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[Abstract] A new split-root system was used to simulate non-uniform salt, drought or nutrient deficiency 

stress in the root zone, in which the root system was divided into two or more equal portions. Here, we 

established a split-root system by grafting of cotton seedlings. In contrast to the conventional split-root, 

the main roots of the new system remained intact, which provided a better system for studying cotton 

response to unequal treatment in the root zone. The new system was suitable for plant growth in nutrient 

solution and the two root systems can fully be immerged in the nutrient solution.  
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[Background] The split-root system has been used to study plant responses to heterogeneous soil 

conditions such as partial root drying, unequal salt distribution, and heterogeneous nutrient distribution. 

The conventional split-root system in cotton and other plants are established by dividing the lateral roots 

into two equal parts after cutting of the main root of a seedling (Bazihizina et al., 2009; Dong et al., 2010). 

The new system was suitable for plant growth in nutrient solution and for a girdling experiment because 

there was sufficient distance between the root and position of the graft (Kong et al., 2012 and 2016). 
 

Materials and Reagents 
 

1. Plastic boxes (60 x 45 x 15 cm) (Linhui, catalog number: LH-600) 

2. Sterilized wet sand 

3. Blade (Pao Shen Enterprises, KW-trio®, catalog number: 03541) 

4. Parafilm (Bemis, catalog number: PM996) 

5. Disposable cup (Jiaxing, catalog number: hot paper cup-HC02W) 

6. Plastic bags (Yiwu, catalog number: 10*15) 

7. Cotton seeds (SCRC41, a commercial Bt [Bacillus thuringiensis] transgenic cotton [Gossypium 

hirsutum L.] which developed by the Cotton Research Center, Shandong Academy of 

Agricultural Sciences, Jinan) 

8. Sulfuric acid, H2SO4 (Sinopharm Chemical Reagent, catalog number: 7664-93-9)  
9. Calcium nitrate, Ca(NO3)2 (Sinopharm Chemical Reagent, catalog number: 10124-37-5) 

10. Potassium nitrate, KNO3 (Sinopharm Chemical Reagent, catalog number: 7757-79-1) 

11. Magnesium sulfate, MgSO4 (Sinopharm Chemical Reagent, catalog number: 7487-88-9) 
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12. Ammonium dihydrogen phosphate, NH4H2PO4 (Sinopharm Chemical Reagent, catalog number: 

7722-76-1) 

13. EDTA.FeNa (Sinopharm Chemical Reagent, catalog number: 15708-41-5) 

14. Orthoboric acid, H3BO3 (Sinopharm Chemical Reagent, catalog number: 10043-35-3) 

15. Zinc sulfate, ZnSO4 (Sinopharm Chemical Reagent, catalog number: 7446-20-0) 

16. Copper sulfate, CuSO4 (Sinopharm Chemical Reagent, catalog number: 7758-99-8) 

17. Manganese sulfate, MnSO4 (Sinopharm Chemical Reagent, catalog number: 15244-36-7) 

18. (NH4)6Mo7O24 (Sinopharm Chemical Reagent, catalog number: 12027-67-7) 

19. Potassium hydroxide, KOH (Sinopharm Chemical Reagent, catalog number: 1310-58-3) 

20. Nutrient solution (see Recipes) 

 

Equipment 
 

1. Growth chamber (Percival Scientific, model: AR-41L2) 

2. Aeration instrument (JeanPole, catalog number: B00WDWUS8W) 

 

Procedure 
 

A. Seed germination 

1. Treat cotton seeds with concentrated sulfuric acid for 2-3 min and then wash the seeds with 

flowing tap water for 6 times. 

2. After that, the wet seeds are dried in a hot air stream (50 °C) for 8 h.  

3. Sow the acid-delinted seeds at approximately 3 cm depth in plastic boxes (60 x 45 x 15 cm) 

containing sterilized wet sand.  

4. Place the boxes in a growth chamber with light/dark regimes of 16 h/8 h, light intensity of 400 

µmol m-2 sec-1 PAR, and temperature of 28-32 °C and relative humidity of 60-70%.  

 

B. Seedling growth 

1. Thin the seedlings to 100 plants per box at full emergence at 10 days after planting.  

2. When most seedlings reach the 2-true leaf stage (Figure 1-1) at 15 days after planting, carefully 

pull the uniform seedlings (the seedlings which germinate at the same day and have same plant 

height, leaf number and leaf area) out from the sand and wash the seedlings with water to 

remove all the sand.  

Note: Don’t irrigate the seedlings for about 3 days before grafting in order to remove the 

seedlings easily and induce root growth. 

 

C. Grafting  

1. Establish split-root systems through grafting with seedlings (Figure 1). Briefly, make a ‘/’ shaped 

incision with a blade on the hypocotyl 2 cm below the two cotyledons, leaving about 1/3 of the 
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hypocotyl tissues intact. The angle between the ‘/’ shaped incision and the hypocotyl is about 

60°.  

2. Cut the top of the rootstock to form a deep ‘ʌ’ at the same position of the hypocotyl from another 

seedling. The ‘ʌ’ section is then inserted into the ‘/’ incision of the plant and closely wrap the 

seedlings with Parafilm. 

 

  
Figure 1. Schematic diagram of the sequential steps of the graft split-root system. 1. Scion; 

2. Stock; 3 and 4. Grafted cotton. 

 

D. Grafted seedling management 

1. Transfer grafted seedlings into disposable cups containing aerated nutrient solution, spray the 

seedlings with water and immediately cover them with plastic bags to prevent wilting (Figure 2). 

The air is introduced into the nutrient solution by the aeration instrument to maintaining oxygen 

concentration in the nutrient solution.  

2. We top the nutrient solution with deionized water every day instead of changing the whole 

nutrient solution, as the grafted seedling uptake a little water and nutrient each day.  

3. When a new leaf emerged from the grafted seedling at one week after grafting, remove the 

plastic bags and Parafilm (Figure 3).  

4. Transfer the grafted seedlings with two uniform split-root systems into a growth chamber under 

28-32 °C and 60-70% relative humidity for 20 days.  

5. Renew the nutrient solutions daily during the period of growth. 
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Figure 2. The grafted plant after being transplanted into disposable cup 

 

 
Figure 3. New leaf emerged from the grafted seedling at one week after grafting 
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Data analysis 
 

The survival rate of grafted seedlings was more than 95% and most of them had two uniform root 

systems (kong et al., 2012) (Figure 4). A successfully grafted cotton seedling has two uniform root 

systems. At this stage, the seedling which was used as scion becomes indistinguishable from the 

stock. 

 

  
Figure 4. Grafted cotton. The xylem (1) and phloem (2) of the grafted site. 

 
Notes 
 

Uniformly germinated seeds and seedling were selected to make sure the grated seedlings had two 

uniform split-root systems.  

 

Recipes 
 

1. Nutrient solution 

1.25 mM Ca(NO3)2 

1.25 mM KNO3 

0.5 mM MgSO4 

0.25 mM NH4H2PO4 

0.05 mM EDTA.FeNa 

10 µM H3BO3 

0.5 µM ZnSO4 

0.1 µM CuSO4 
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0.5 µM MnSO4 

0.0025 µM (NH4)6Mo7O24 

Adjusted pH to 6 with KOH 

Note: The nutrient solutions used in this experiment needn’t be sterilized. It can be made in advance 

and stored at 4 °C for one month. 
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