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Abstract. The use of seedling grafts has been increasingly popular in the production of fruit vegetables in Korea. 

Superior scion cultivars grafted on seedling rootstocks tolerant to soil-borne diseases often results in higher crop yield 

and quality. For the production of healthy grafted transplants, seedlings have to be grown under the most favorable 

cultural conditions. Substrate composition and property as well as mineral nutrition play an important role. Various 

substrates containing peatmoss, perlite, vermiculite, and coir-dust have been tested for their influence on seedling 

growth. In the chemical properties of substrates investigated just before grafting and after formation of grafted union, 

the ECs in 4 substrates rose as the pre-plant fertilizer level was elevated. The ECs in peatmoss containing substrates 

were lower than those in coir dust containing substrates when all substrates contained equal amount of pre-plant 

fertilizers. The ECs in substrates containing vermiculite were higher than those in perlite. In all substrates, the 

elevation of pre-plant fertilizer levels resulted in the increase in NO3

-
-N and K

+
 concentrations and decrease in Na

+

concentration. The recommended EC levels of substrates for the raising of plug seedlings of bedding plants are 

applicable to fruit vegetables when the seedlings are grown in peatmoss + perlite (PP) substrate. But those in peatmoss 

+ vermiculite (PV), coir-dust + perlite (CP) and coir-dust + vermiculite (CV) substrates should be altered based on the 

kinds and rates of substrate components. In case of crops, the water melon rootstock ‘Cham Bak’ (Lagenaria siceraria

Standl), showed the stronger salt tolerance than cucumber rootstock ‘Heukjong Hobak’ (Cucurbita ficifolia) indicating 

that pre- or post-plant fertilizer levels should be varied based on the kinds of crops grown. The peppers grew well 

in PP and PV substrates rather than CP or CV substrates in before or after grafting. This also implies that the 

components of substrates should be changed based on the specific crops.
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Introduction

The demand for seedling grafted fruit vegetables in Korea 

has been steadily increasing. According to Ko et al. (2008), 

about 502 million seedling grafts were used in 2007. They 

also reported changes in the trend of grafting operation and 

methodology. Grafting work carried out by growers in the 

past, however, has shifted recently to group work to facilitate 

and improve grafting efficiency. The pursuit of improving 

efficiency changed the method to cut-grafting in which the 

hypocotyl of the rootstock seedlings are cut off at just above 

the ground level and used for grafting. When they are stuck 

in substrate, the successful union between scion and root-

stock and the development of new adventitious roots occur 

simultaneously (Ko et al., 2008; Lee, 1994, 2000). The 

seedlings with cut-grafting has more vigorous root systems 

than those of non-cut grafting because formation of new 

adventitious roots increase the number of primary roots at 

the base of the cut rootstock hypocotyl with an increased 

root density per unit volume of soil (Lee, 2000). Plants 

grown from cut-grafting are also more vigorous and usually 

more tolerant to drought and cool temperature compared to 

those grown from regular seedling grafts (Lee, 1994).

For the effective cut-grafting, it is essential to use diseases 

and insects free substrate with good aeration. Suboptimal 

substrate conditions often increase the stem decay caused by 

plant pathogens. Further, in addition, the physical and 

chemical properties of substrate also influence the success 

of adventitious root generation and growth of grafted seedlings. 

Physical properties of substrates should be optimized accord-
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ing to specific needs of the crops grown and container size 

and shape. This is generally achieved by controlling the 

constituent materials used to formulate substrate (Bunt, 1988; 

Nelson, 2003). Chemical properties should also be modified 

since most of the substrate constituents such as peat moss, 

coir dust, perlite, and vermiculite have low or unbalanced 

nutrients (Argo 1998; Choi et al., 2000; Nelson, 2003). This 

requires the additional pre-plant fertilization during the 

formulation of substrate enough for the nutrients during the 

early growth of seedlings after germination and transplanting. 

The extent of pre-plant fertilizers incorporated into substrates 

during formulation for plug culture can be found in a number 

of previous works (Argo, 1998; Koranski, 1990; Nelson et 

al., 1996; Styer and Koranski, 1997).

However, most of the previous reports are based on 

floricultural crops. Literature on substrate formulation and 

fertility control for the grafted plug seedlings of fruit vegetables 

is not readily available. The seedlings of fruit vegetables 

grow faster and generally produce more above-ground biomass 

than those of the floral crops floricultural crops in a given 

period. Therefore, the optimum pre-plant fertilizer levels for 

cut grafted seedlings of fruit vegetables could be different to 

those recommended for general plug seedlings of floricul-

tural crops. The objective of this research was to investigate 

the effect of substrate formulation and fertilizer conditions 

on the changes in chemical properties of substrates and the 

seedling growth during the production of plug-grown seed-

ling grafts of some fruit vegetables. 

Materials and Methods

Canadian Sphagnum peatmoss, coir dust (imported from 

Sri Lanka), vermiculite, and perlite processed (Shinsung 

Mineral Corp.) after importing from China were used to 

formulate substrates. Since most of the commercial substrates 

have total porosity higher than 85% (Nelson, 2003), we 

adjusted the blending ratio of the four substrates such as 

peatmoss:vermiculite (5:5, v/v, PV), peatmoss:perlite (7:3, 

v/v, PP), coir-dust:vermiculite (5:5, v/v, CV) and coir-dust 

:perlite (7:3, v/v, CP). The total porosities of the PV, PP, 

CV, and CP substrates determined before sowing by the 

method of Fonteno et al. (1981) were 85.5, 87.7, 86.5, and 

88.3%, respectively. 

To adjust the pH of substrates, the 2.28 g L
-1

 of dolomitic 

lime [CaMg(CO3)2] and 0.63 g L
-1

 of calcium carbonate 

(CaCO3) were incorporated into the substrates. For each 

substrate formulation, 0.9 mL L
-1 

of soil wetting agent 

(Aquagro
L
, Aquatrols Corp. of the US) was used to help 

moisturization. The standard fertilizer solution (1.0x) contained 

0.303 g of 18-18-18 (N-P2O5-K2O) fertilizer (Omex Agrifluids 

Co., Ltd. in UK), 3.1 mg of H3PO4, 0.015 g of MgSO4

7H2O, 3.1 mg of Na2B4O7, 3.1 mg of Fe-EDTA, 1.5 mg of 

Mn-EDTA, 0.9 mg of Zn-EDTA, 0.6 mg of Cu-EDTA, and 

0.15 mg of Na2MoO4 2H2O were dissolved in water and 

applied on the 1 L of substrate (mg L
-1

: 190 N, 54.5 P2O5,

149 K2O, 542 CaO, 24.3 MgO and 19.5 S). The 0, 0.5x, 

2.0x, and 4.0x treatments contained all of the above fertilizers 

at 0, a half, two times and four times as much as the 

standard 1x fertilizer solution. 

The scion and rootstock used for grafting were ‘Sweet 

Pepper’ and ‘Conesian Hot’ for pepper (Capsicum annuum

L.) ‘Joeun Baekdadagi’ (Cucumis sativus L.) and ‘Heukjong 

Hobak’ (Cucurbita ficifolia) for cucumber (Seminis Korea 

Co.) and ‘Taepyung Ggul’ (Citrullus vulgaris Schrad) and 

‘Cham Bak’ (Lagenaria siceratia Standl) for watermelon 

(Nong Woo Seed Co., Korea), respectively. 

The seeds of pepper rootstock and scion were sown in to 

50-cell (cell volume 68 mL) and 105-cell (30 mL) plug trays, 

respectively, and both the seeds of rootstock and scion 

plants in cucumber and water melon in 162-cell (17 mL) 

plug trays. The seeded plug trays were placed in a ger-

mination room with temperature controlled at 27 to 28 .

After cotyledon emergence, trays were transferred to a glass 

greenhouse maintained at 30 (day) and 20 (night).

The fertilizers, either 14-0-14 or 20-10-20 (N-P2O5-K2O, 

Planta Co., CA, USA), were applied at 50 mg L
-1

 of N after 

plug stage 2. The fertilizer concentration increased to 120 

mg L
-1

 and 200 mg L
-1

of N during the third and fourth 

plug seedling stages, respectively. Over the entire culture 

period, the two fertilizer formulations were used weekly in 

alternation. The leaching rate (volume leached/volume applied) 

during liquid fertilization and irrigation in all of our experi-

ments were set at 0.3 (Ku and Hershey, 1991). Data on 

seedling growth and analysis of soil chemical properties 

were taken 31 days after sowing for pepper and 12 days for 

cucumber and watermelon.

The all experiments were conducted as completely ran-

domized design with treatments replicated four times (One 

tray was regarded as a replication).

Substrate formulation and pre-plant fertilizer levels for 

this experiment were identical to those used for the experi-

ment on seedling growth before grafting stage. The sub-

strates containing the pre-plant nutrient charge were used to 

fill 50-cell plug trays.

During grafting, the stems of rootstock were cut with a 

razor blade both at 1 cm above the cotyledon with a 45
o
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angel and at just above the root zone. The scion seedlings 

were also cut at 1 cm above the cotyledon with the same 

angle. The cut scion and rootstock stems were joined together 

and kept intact using a clip, then seedling grafts were 

planted into substrate in plug trays. The overall procedure of 

grafting followed the method graphically described by Lee 

(1994). 

The plug trays were transferred to an acclimatization 

room for callusing and graft union. The acclimatization 

room was covered with one layer of black shade cloth which 

allowed less than 10% transmission of natural light. The 

relative humidity and temperature inside of the room were 

controlled to maintain higher than 95% by fogging and 28 to 

29 , respectively. As the time required for adventitious 

root formation usually takes about 4 days, irradiance inside 

the chamber is gradually increased from day 5 to day 7 and 

the seedling grafts were fully exposed to sunlight after 8 

days from grafting. Humidity inside the acclimatization 

room is also gradually decreased in accordance with the 

time schedule for irradiance to the normal greenhouse con-

dition, but the temperature was controlled to maintain 28 to 

29 . During the experiment the relative humidity inside of 

the greenhouse was 60 to 70%. Starting from the 8th day on, 

the seedlings received 200 mg L
-1 

N in the nutrient solution 

made with 20-10-20 water soluble fertilizer. The survival 

rates of seedling grafts during the formation of graft union 

were close to 100% in all treatments. This is why the data 

for survival rates of seedling grafts were not presented in 

this paper.

Data on plant growth and chemical properties of substrates 

were recorded 13 days after grafting. 

The experiment design was completely randomized with 

4 replicates of scion/root stock combinations (One tray was 

regarded as a replication).

The substrates contained equal amounts of pre-plant fertil-

izers with 1x treatment of previous research were filled into 

50-cell plug tray. The grafted seedlings were planted to the 

plug trays and treated with the same procedure mentioned 

above. Post-planting fertilization began 8 days after grafting. 

Four different levels of post-plant nutrient concentration (0, 

50, 100, and 200 mg L
-1 

N) prepared with 14-0-14 and 20- 

10-20 fertilizers were applied alternatively once a week. The 

leaching ratio was set at 0.3 (Ku and Hershey, 1991). 

The experiment design was completely randomized with 

4 replicates of scion/root stock combinations (A tray was 

regarded as a replication).

The pre-grafting growth of rootstock and scion plants of 

pepper, cucumber and watermelon were measured at 31, 12, 

and 12 days after sowing, respectively. The growth of seed-

ling grafts during the formation of graft union was deter-

mined 13 days after grafting. Measurement on grafted plant 

growth during acclimation was made at 31, 16, and 30 days, 

respectively, for pepper, cucumber, and watermelon. The 

overall procedure for evaluating dry weight of seedlings 

followed the method described by Choi et al. (2007).

The substrates in individual plant were collected on the 

same day of the growth measurement and analysis of chemical 

properties were made. Substrate analysis in each experiment 

was performed following the saturation extraction method 

(Warncke, 1986) with the electrical conductivity (EC) measured 

(Orion-50, Fisher, USA) for extracted solution. Colorimetric 

analysis was applied to the extracted solution to determine 

the concentrations of NO3

-
-N using a UV/Vis spectropho-

tometer (CE-5001, Cesil, England) (Cataldo et al., 1975). 

The concentrations of K and Na in extracted solution were 

analyzed using an atomic absorption spectrophotometer 

(AA-680, Shimadzu, Japan). 

Data from growth measurements and soil analysis were 

subjected to a randomized complete block analysis of variance 

and means were separated by ANOVA and Duncan’s multiple 

range test at p  0.05. The growth measurements and soil 

analysis were also subjected to polynomial regression analysis. 

We regarded the equation with the highest R
2

and incre-

mental F value between linear and quadratic as the best fit 

equation, but the equations are not presented in this paper. 

Data analyses were conducted using CoStat program (CoHort 

Software V. 6.3, Monterey, CA, USA).

Results

The dry weights of cucumber rootstock ‘Heukjong Hobak’ 

seedlings showed quadratic responses to pre-plant fertilizer 

levels in CP substrate with the heaviest dry weight produced 

in 1.0x treatment. The dry weight and electrical conductivity 

(EC) of the treatments in which seedlings showed the 

highest growth in each substrate were 293 mg and 1.30 dS

m
-1

 in PP, 243 mg and 3.16 dS m
-1

 in PV, 248 mg and 2.35 

dS m
-1

 in CP, and 244 mg and 3.78 dS m
-1

, respectively.

For the dry weight of pepper rootstock ‘Conesian Hot’ 

(Capsicum annuum L.) seedlings, the elevation in pre-plant 

fertilizer levels from 0x to 4.0x did not influence the dry 
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Table 1. Substrate chemical properties and dry weights of rootstock plants 12, 31, and 12 days after sowing of cucumber, green pepper, 

and watermelon, respectively, as influenced by substrates (S) and pre-plant fertilizer levels (PPFL).
z

weights in four substrates tested. The ECs of 4x treatment in 

PP, PV, CP and CV substrates were 2.22, 4.26, 5.14 and 

6.24 dS m
-1

, respectively. However, the response in dry 

weight to elevate pre-plant fertilizer levels in CP substrate 

was quadratic with the highest growth in 1.0x treatment. 

The seedling growth in peatmoss containing substrate such 

as PP or PV was superior to those in coir dust containing 

substrates such as CP or CV (p  0.001, F-test ). The seedling 

growth was the highest in PP substrate followed by PV, CV 

and CP with significant differences. 

The dry weights of water melon rootstock ‘Cham Bak’ 

seedlings 12 days after sowing as influenced by pre-plant 

fertilizer levels showed significant differences among 

substrates (p  0.001) with the highest growth in PP 

followed by CP, PV, and CV. The dry weight and EC showed 

the highest growth in each substrate were 135 mg and 2.96 
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Table 2. Substrate chemical properties and dry weight of scion plants 12, 31, and 12 days after sowing of cucumber, green pepper, 

and watermelon, respectively, as influenced by substrates (S) and pre-plant fertilizer levels (PPFL).
z

dS m
-1

 in PP, 113 mg and 3.79 dS m
-1

 in PV, 124 mg and 

4.24 dS m
-1

 in CP, and 101 mg and 7.02 dS m
-1

 in CV.

The seedling growth of scion plants and chemical pro-

perties of substrate at 12, 31, and 12 days after sowing of 

cucumber, pepper, and water melon, respectively, were shown 

in Table 2. ECs in each substrate 12 days after sowing of 

cucumber increased as the pre-plant fertilizer levels were 

elevated. The dry weight of seedlings grown in PP substrate 

decreased linearly as pre-plant fertilizer levels were elevated. 

But the tendency and statistical differences in dry weights of 

seedlings among treatments were not observed when plants 

were grown in PV, CP, and CV substrates. The dry weight 

and ECs in each substrate with the highest growth were 79.4 

mg and 1.60 dS m
-1

 in PP, 50.6 mg and 4.62 dS m
-1

 in PV, 

108 mg and 3.54 dS m
-1

 in CP, and 44.2 mg and 4.46 dS

m
-1

in CV, respectively.
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Table 3. Substrate chemical properties and dry weights of cucumber and green pepper plants grown in 50-cell pack trays and measured 

13 days after cut grafting as influenced by substrates (S) and pre-plant fertilization levels (PPFL).
z

The growth responses of pepper scion seedlings to the 

elevated pre-plant fertilizer levels in PP, PV and CV sub-

strates showed quadratic response with the heaviest dry weights 

produced in 2.0x, 2.0x and 1.0x treatments, respectively. 

The dry weight in CP substrate increased linearly as pre- 

planting fertilizer levels were elevated. The statistical differences 

in dry weights were significant (p  0.001) among substrates 

with the greatest growth in PV followed by PP, CV and CP. 

The ECs of the treatments in which dry weights were the 

heaviest were 1.34, 1.86, 2.96, and 2.58 dS m
-1

 in PP, PV, 

CP, and CV substrates, respectively. 

The dry weights and ECs in treatments of the highest 

growth of watermelon in each substrate were 41.4 mg and 

3.39 dS m
-1 

in 2.0x treatment with PP, 39.2 mg and 2.36 

dS m
-1

 in 0.5x treatment with PV, 37.8 mg and 5.40 dS m
-1

in 4.0x treatment with CP, and 40.0 mg and 6.40 dS m
-1

 in 

2.0x treatment with CP, respectively. However, no significant 

statistical differences in dry weights of each substrate were 
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observed among the treatments of pre-plant fertilizer levels. 

In the chemical properties of substrates determined prior 

to grafting, the ECs in 4 substrates rose as the pre-plant 

fertilizer levels were elevated. The ECs in peatmoss containing 

substrates such as PP and PV were lower than those in coir- 

dust containing substrates such as CP and CV when all 

substrates contained equal amounts of pre-plant fertilizers. 

The ECs in substrates containing vermiculite were higher 

than those in perlite. In all substrates, the elevation of pre- 

plant fertilizer levels resulted in an increase in NO3

-
-N and 

K
+
 concentrations and decrease in Na

+
 concentration when 

substrates were analyzed prior to grafting. 

The growth characteristics of grafted cucumber and green 

pepper seedlings and the chemical properties of substrate 13 

days after cut grafting were shown in Table 3. The cucumber 

seedling grafts in PP substrate showed quadratic responses 

to elevated pre-plant fertilizer levels with the highest dry 

weight produced in 0.5x treatment. The dry weight of seedling 

grafts in PV substrate slightly decreased as pre-plant fertilizer 

levels were elevated. The greatest dry weights of seedling 

grafts in CP and CV substrates were 175 mg in 0.5x and 197 

mg in 0x treatments, respectively, which were the heaviest 

among treatments in each substrate (p  0.05). The ECs of 

the treatments in which the dry weight were heaviest in each 

substrate were 1.12 dS m
-1

 in 0.5x with PP, 1.56 dS m
-1

 in 

0x with PV, 4.44 dS m
-1

 in 0.5x with CP and 0.85 dS m
-1

in 0x treatment with CV substrate. 

The dry weights of seedling grafts of pepper showed a 

different tendency compared to those of cucumber. When 

seedling grafts of peppers were grown in PP and PV 

substrates, the dry weights at 12 days after cut grafting were 

the heaviest in 4x treatments and the ECs in the two 

substrates were 1.99 and 2.68 dS m
-1

, respectively. The dry 

weight differences for seedling grafts in the two substrates 

were significantly increased (p  0.01) as pre-plant fertilizer 

levels were elevated. The heaviest dry weights in seedling 

grafts of peppers grown in CP and CV were 164 mg in 2.0x 

and 174 mg in 1.0x treatments, respectively. The differences 

in dry weights of CP and CV substrates were significant (p

 0.001) and the responses to elevated pre-plant fertilizer 

levels were quadratic in both substrates.

The ECs of CP or CV substrates 10 days after grafting of 

cucumber and pepper were significantly higher than those of 

PP or PV substrates. In the case of CV substrate, the EC in 

4.0x treatment was extremely high reaching to 6.82 dS m
-1

.

The reason for high ECs in CV substrate may be due to the 

leaching out of K
+
, Na

+
, Cl

-
 from coir-dust and K

+
 and Na

+

from vermiculite as indicated by Choi et al. (2001) and 

Nelson (2003). The NO3

-
-N concentrations increased as the 

pre-plant fertilizer levels were elevated. In both CP and CV 

substrates in which the Na
+
 concentrations were very high, 

the PO4

-
-P concentrations became lower (data are not shown). 

The K
+
 concentrations in CP and CV substrates which 

contained coir-dust were much higher than that found in PP 

and PV substrates indicating that coir-dust released much K
+

into soil sap.

The dry weight of cucumber 16 days after grafting and 

transplanting into 4 different substrates are shown in Table 

4. The highest seedling dry weight and substrate EC were 

336 mg and 0.96 dS m
-1

in 100 mg L
-1

N with PP, 354 mg 

and 2.21 dS m
-1 

in 100 mg L
-1

N with PV, 308 mg and 4.66 

dS m
-1

in 200 mg L
-1 

N with CP, and 366 mg and 1.98 dS

m
-1

in 50 mg L
-1 

Ntreatment with CV. 

The green pepper 31 days after grafting had the heaviest 

dry weight in PP substrate followed by PV, CV, and CP 

substrates. But the EC of the substrates were the highest in 

CP followed by CV, PV and PP substrates. These results 

indicate that high soluble salts in CP and CV substrates 

influenced the growth of pepper seedling grafts negatively. 

The dry weights of watermelon 30 days after grafting 

showed quadratic responses to elevated post-plant fertilizer 

levels with the highest yield produced in 50 mg L
-1

 N treat-

ments of all substrates tested. This result suggests that the 

watermelon is very sensitive to soluble salts compared to 

green pepper and cucumber. When substrates were compared 

with the equal amount of post-plant fertilizer applied, dry 

weights of watermelon grown in perlite containing (PP and 

CP) substrates were heavier than those grown in vermiculite 

containing (PV and CV) substrates. 

The elevation of fertilizer levels during the acclimation of 

cucumber, pepper and watermelon seedling grafts in the 

greenhouse resulted in an increase in NO3

-
-N and K

+
, but the 

decrease in Na
+
 concentration in the substrates. The NO3

-
-N 

and K
+
 concentrations in substrates were directly influenced 

by the concentration of fertilizers applied. In case of Na
+

concentration, elevation of complete fertilizer concentrations 

resulted in the increase of K
+
 concentrations in substrates. 

Discussion

Most substrates used for plug culture contain pre-plant 

nutrient charge to ensure an optimum seedling growth after 

germination. Appropriate levels of nutrient charge fertilizers 

have been reported for plug seedling culture (Argo, 1998; 

Nelson, 2003). The salinity (EC) of the substrates is generally 
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Table 4. Substrate chemical properties and dry weight of cucumber, green pepper and watermelon plants grown in 50-cell plug trays 

for 16, 31, 30 days from as influenced by substrates (S) and post-plant fertilizers concentrations (PPFC) during greenhouse acclimatization.
z

controlled to a range of 0.5 to 1.0 dS m
-1

 (Koranski, 1990; 

Nelson et al., 1996; Styer and Koranski, 1997). In addition, 

Koranski (1990) and Styer and Koranski (1997) also reported 

the appropriate EC levels and individual nutrient concen-

trations. Based on their claim, the EC values should be in 

the range between 0.75-1.2 dS m
-1
 during plug stage 1 (radicle 

emergence from seed coat) and stage 2 (root penetration into 

substrate and emergence of cotyledon). The desired EC 

levels in substrates are 1.0 to 1.5 dS m
-1

for the growth of 

stage 3 (true-leaves emerge and grow) and stage 4 (3-4 true 

leaves, ready for transplanting and shipping), or holding 

seedlings.

In comparing ECs of the four substrates used in this 

study, the formulations containing peatmoss (PP, PV) had 

lower ECs than those containing coir-dust (CP, CV). The 

substrate formulations containing vermiculite had also higher 

ECs than those containing perlite. The significant differences 

of ECs measured at 12, 31, and 12 days after sowing of 

rootstock and scion seeds of cucumber, green pepper, and 

watermelon appear to have occurred by the release of K
+
,

Na
+
 and Cl

-
 by coir-dust and K

+
 and Na

+
 from vermiculite as 

reported by Arena and Varina (2002), Choi et al. (2000), 

and Nelson (2003).

In considering the influences of substrates and pre-plant 

fertilizer levels on seedling growth before grafting in our 

research, the rootstock and scion plants of three crops grew 
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well when the ECs were lower than 3.0 dS m
-1

 in PP 

substrate. But the seedling growth based on the dry weight 

in PV, CP, and CV substrates is acceptable for culture 

seedling grafts even though their growths were slightly 

inferior to those in PP substrate. These results indicate that 

the acceptable ranges of ECs for seedling growths before 

grafting should be monitored especially when coir-dust is 

used as a substrate component. 

The seedlings of rootstock and scion are usually grafted 

10-15 days after sowing for cucumber and watermelon, and 

30-35 days after sowing for peppers in Korea. Even though 

seeds of scion cultivar are usually planted one or two days 

later than that of rootstocks, we sowed all seeds of the three 

crops on the same day in this study. But dry weights of the 

above-ground parts of cucumber and watermelon after 12 

days from sowing and those of pepper rootstocks 31 days 

after sowing were much heavier compared to their scion 

seedlings when measured after a certain period of time. This 

implies that rootstock plants have a much higher salt tolerance 

and grow faster than scion cultivars in cucumber, green 

pepper, and watermelon. Also, ‘Cham Bak’ rootstock plants 

had a much higher salt tolerance than ‘Heukjong Hobak’ 

scion plants in watermelon. The dry weight of pepper rootstock 

‘Conesian Hot’ plants grown in CP or CV substrates were 

significantly decreased compared to those of ‘Sweet Pepper’ 

scion seedlings. The rootstock cultivar appears to be more 

sensitive to high levels of K
+
, Na

+
, and Cl

-
 in coir-dust con-

taining substrates compared to the scion cultivar, although 

peppers in general lack tolerance to high concentrations of 

these ions. 

Substrate EC and pre-plant fertilizer levels influenced the 

performance of seedling grafts during graft union formation 

and adventitious root formation. The dry weight of pepper 

seedling grafts increased as pre-plant fertilizer levels were 

elevated in PP and PV substrates, but 1.0x in CP and 2.0x in 

CV provided the highest dry weights among different treat-

ments in each substrate. Trends in the influence of substrate 

formulations and pre-plant fertilizer levels on seedling growth 

were similar to those found for seedling growth prior to grafting 

(Tables 1 and 2). The cucumber has a low salt tolerance and 

green pepper grew poorly in CP and CV substrates. Therefore, 

it is necessary that cucumber should be grown in PP, PV, or 

CV substrates with the ECs lower than 1.85 dS m
-1

. In case 

of peppers, PP and PV substrates with the elevation of pre- 

plant fertilizer levels to 4.0x rather than CP and CV are better 

for growth of seedling grafts.

During greenhouse acclimatization of seedling graft, the 

ECs of the PP substrate that provided highest dry weights in 

all fertilizer levels for cucumber, pepper, and watermelon 

were 1.00, 0.63, and 1.68 dS m
-1

, respectively (Table 4). 

But the ECs of the treatments showing the heaviest dry weights 

of cucumber, pepper, and watermelon in each substrate were 

2.21, 2.17, and 3.10 dS m
-1

 in PV, 3.21, 3.84, and 3.10 dS

m
-1

 in CP, and 1.98, 3.32, and 2.07 dS m
-1 

in CV, respec-

tively. These results suggest that that desired EC levels during 

acclimatization are different by substrate and recommendations 

for salinity control should be varied by substrate for-

mulations. In this study, the best EC level for producing 

seedling grafts was the lowest in PP, followed by PV, CV, 

and CP substrates. Judging from plant response to elevated 

EC readings, ‘Cham Bak’ watermelon rootstock plants exhibited 

higher salt tolerance during seedling growth prior to grafting 

compared to rootstocks of cucumber and pepper (Table 1). 

‘Cham Bak’ rootstock plants also showed and highest level 

of salt tolerance during post-grafting growth, indicating that 

proper EC levels for seedling graft production must be varied 

by specific crops. 

In conclusion, the EC levels and fertilization recommended 

for producing quality grafted seedlings are similar to those 

reported for bedding plant plug production when PP sub-

strate is used. However, the salinity levels in PV, CP, and 

CV substrates could be elevated depending on the used 

substrate components. ‘Cham Bak’ watermelon rootstock 

plants were more salt tolerant than ‘Heukjong Hobak’ root-

stock plants used for cucumber, indicating that pre- or post- 

plant fertilizer levels need to be adjusted based on the crops 

grown. The grafted peppers grew better in PP and PV sub-

strates than in CP or CV substrates, suggesting that substrates 

composition should also be optimized based on specific crops. 
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