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Abstract

Nutrient uptake is one of the most important processes for plant growth and soil microbes regulate the processes of nutrient
cycling. We studied the influence of varied pH substrates on grafted melon (Cucumis melo L.) plants’ growth and root bacterial
communities. Six pH levels of substrates and two pumpkin rootstocks were selected to evaluate the impact of pH on the
grafted melon plants’ growth. Nutrient uptakes in nongrafted and grafted plant were measured, and Illumina MiSeq
sequencing was performed to analyze the microbial community structures. pH considerably influenced the nutrient uptake of
grafted melon plants. Using two rootstocks can significantly increase the nitrogen (N), phosphorus (P), and potassium (K)
absorption in the scion or rootstock section of the grafted seedling plant regardless of pH levels in substrates, and many
nutrients were absorbed at the pH range of 6.0 to 6.5. Few nutrients were taken up under low (5) or high pH (8). N, P, and K in
grafted plant increased by 3.87-, 4.42- and 3.60-fold higher than those in nongrafted melon plant. The phyla Proteobacteria,
Firmicutes, Bacteroidetes, Actinobacteria, and Gemmatimonadetes were the most predominant bacteria. The pH values and
available N and P were considerably linked to bacterial community compositions. Our data demonstrated that pH played a
vital role in the nutrient uptake of grafted melon plants and shifts bacterial structures in substrates when using pumpkin as
rootstocks. Our study provides an example illustrating the importance of nutrient uptake of grafted seedlings in varied pH

substrates. © 2020 Friends Science Publishers
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Introduction

The plant-soil system is one of the most important
components not only in agricultural but also in natural
ecosystems (Zhang et al. 2017a). At present, plant-soil
system is related to the inorganic nutrition of plants, such as
movement of nutrients to roots or leaves, which is vital for
plant growth (Okamoto et al. 2016). Many interactions exist
between nutrient supplies, and the transport of one nutrient
affects another’s absorption and utilization (Zhang et al.
2017a). Nutrients such as nitrogen (N), phosphorus (P), and
potassium (K) are the essential elements that limit plant
growth in various natural ecosystems, including soil and
water environments (Lambers et al. 2008). N and P are the
most important nutrients for plant growth and development
in soil (Dordas 2008; Glaesner et al. 2019) but also widely
considered to limit primary productivity in tropical plants
(Turner et al. 2018). Therefore, nutrient uptake in plants
under different conditions must be analyzed to improve plant
growth, especially facing varied pH substrates.

Melon plant (Cucumis melo L.) is widely known as an
economically important crop and has a growing acceptance

contributing to a huge potential need in markets
worldwide (Silberstein et al. 1999). Fresh-cut melon has
a good taste after several days of storage (Aguayo et al.
2008). However, bitter melon considerably improves
glucose metabolism and ameliorates obesity (Snee et al.
2011). Numerous commercial melon varieties and few wild-
types can be continuously cultivated under greenhouse or
field conditions (Pandey et al. 2018). Consequently,
considerable development has been made toward breeding
melon varieties not only in China but also in other countries,
such as Turkey, Iran, Egypt, Korea, and USA in the past
decades (Wang et al. 2018). Approximately half of the total
amount of melon is produced in China (Mendruscolo et al.
2017), and approximately 8 million t of melon are being
supplied annually since 2000 (Yang et al. 2007). Melon
cultivation has now become an important way to increase
income. At present, many research groups attempted to
establish new varieties of melon crops by improving fruit
quality and enhancing flavor (Zhang et al. 2010b;
Murakami et al. 2017). Along with the considerable demand
for melon consumption is melon seedling production and
planting also have considerable requirement.
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Melons are increasingly being produced under
greenhouse conditions, thereby contributing to improved
fruit quality, early harvest, and high yield (Huang et al.
2017; Murakami et al. 2017). However, the melon plant
cannot be cultivated in the greenhouse soil constantly
because of soil-borne pathogens, especially those caused by
Fusarium spp. (Gava and Pinto 2016; Seo and Kim 2017).
Thus, melon production has relied on the grafting of their
seedlings to rootstocks to produce high yield. At present,
grafting plays not only an essential but also has an
extremely important role in melon production and
becomes a necessary requirement (Kubota 2008; Lee et
al. 2010; Mohamed et al. 2014). Grafting is not only
used to control soil-borne diseases but also to enhance
plant vigor and prolong the harvesting period, thereby
increasing fruit yield and quality (Nawaz et al. 2017). For
instance, melon scions can be grafted onto rootstocks to
control root-knot nematode infection or improve abiotic
stress tolerance (Liu et al. 2015). However, although
grafting with squash rootstock from an interspecific hybrid
can accelerate fruit development, it diminishes the fruit
quality of melon (Wenjing et al. 2015). The N use efficiency
of watermelon scion can be improved using pumpkin
rootstock (Nawaz et al. 2017). Thus, rootstocks have a
considerable potential function in regulating melon grafting
plants. At present, improving nutrient uptake and use
efficiency in crop plants in various environmental
conditions still remains a challenging aim (Zhang et al.
2010a). A suitable rootstock must be selected to improve
nutrient acquisition for grafting melon plant growth. Here,
we attempted to use two rootstocks to explore nutrient
uptake in grafted melon plant.

Instead of soil condition, the properties of substrate
directly influence the grafted vegetable plants’ growth
(Martinez-Ballesta et al. 2008). Substrate can be composed
of peat, vermiculite, and pearlite or other suitable materials
(Tang et al. 2010; Zhang et al. 2017b). For instance, spent
mushroom substrates can be used as a component of growth
media for tomato, lettuce, or melon seedlings (Tam and
Wang 2015). These works have made valuable attempts in
substrate production. However, the substrate’s physical and
chemical characteristics will influence seedling growth
undoubtedly. The effect of substrate on the growth of
seedling plants have been evaluated (Tam and Wang 2015;
Marin-Guirao et al. 2016; Yang et al. 2018). Although high
or low pH is a vital criterion during substrate preparation for
seedling production (Ryan et al. 2016), the coping
mechanisms of grafted plants against varied pH substrates
still remains unclear. Thus, the properties of substrates must
be further determined, and research on the substrates may
provide valuable information on how to improve seedlings.
Nevertheless, the nutrient uptake of the grafted plants in
substrates with varied pH values has been rarely explored.
Hence, we attempted to analyze the impact of pH on grafted
melon plants and clarify further whether microbial
community structures would respond to pH in substrates.

We satisfied the requirements in the production of
grafted melon plants and increase yield to satisfy
market demand only by carefully selecting the suitable
properties of substrates and rootstocks. Additional
comprehensive studies on melon grafting plants must be
conducted to illustrate the role of nutrient uptake among
different rootstocks. Therefore, the main objectives of
this study were (1) to evaluate whether different pH
values in substrate improve nutrient uptake in grafted
melon plant by using two different rootstocks and (2)
confirm whether microbial structures respond to the
selected substrates and rootstocks in grafted melon
plants. Our study broadened our current perception in
the effect of pH in the production of grafted plants and
provided further insights into rootstock selection to
improve nutrient use efficiency.

Materials and Methods

Plant materials

Melon (Cucurbita melo L., cultivar “Cuimi”) was used in
this study under greenhouse condition from June 05, 2017,
to May 30, 2018, at the basement of Anhui Academy of
Agricultural Sciences. Two rootstocks, namely, “yellow
pumpkin” (India C. moschata, abbreviated as YF) and a
hybrid of “white pumpkin,” which was selected from hybrid
progenies between one variety of “Chinese pumpkin” and
another one “yellow pumpkin” (Chinese C. moschata
crossed with India C. moschata (WF), were used in this
study.

Substrate preparation

In this study, experimental seedling substrate was initially
composed of peat, vermiculite, and perlite (3:1:1, v/v). The
substrate pH was 5.0 and altered to six levels (5.0, 5.5, 6.0,
6.5, 7.0, and 8.0; abbreviated as Sul to Su6, respectively) by
using calcium oxide. Before the use of the substrate, its
moisture content was adjusted to 50%-55%. The mixed
substrate contained 0.58, 0.15, and 0.69 g kg * available N
(NH,5, AN), P (AP), and K (AK, respectively. Two
rootstocks, namely, WF and YF that grew in the six pH
substrates were abbreviated as W1F to W6F and Y1F to
YG6F, respectively.

Melon scion and rootstock preparation

A total of 23 g substrate was placed in a 6 cm diameter
plastic pots, and the seeds of the rootstock were sown in
pots under greenhouse conditions. The rootstock was
prepared 7 days earlier than melon. The melon seeds were
also sown in the same plastic pots with the same amount of
substrate. The greenhouse conditions were kept at the
temperature ranging from 24°C to 28°C. During the seed
sprouting time, the humidity was adjusted between 85 -
90% for germination.
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Grafting and greenhouse management

Tongue approach, which is common method that used in
grafting, was used for grafting. A stand of grafting was
processed as follow. When the first true leaf unfolded in the
scion and rootstock, grafting was performed. The
hypocotyls of the rootstock were first cut in the pots, and
then the melon scions were cut and clipped together with
rootstock by using a plastic clip. Then, the grafted plants
were kept in a chamber and covered with a plastic film at
the temperature ranging from 25°C to 30°C. Meanwhile,
humidity was maintained at > 90%, and the seedlings were
placed in the dark. After 7 days, the grafted plants were
exposed to sunlight 2 or 3 h per day. All grafted plants were
alive and then transferred to the greenhouse. To meet the
later growth, we added a nutrient solution (composed of N,
P, and K at a ratio of 1:3:3, 10 mL) in the substrate (8 days
per time). The grafted plants were under greenhouse
management, and water was sprinkled by surface irrigation.
The temperature ranges were 24°C to 28°C at daytime and
15°C to 20°C at night. More than 10 grafted plants were
sampled and used in 3 replicates for further analysis.

Melon seedling sampling

Ten nongrafted and grafted seedling plants were collected
from different treatments. The rootstock sections from the
grafted point were snipped, and the scion sections were also
kept. Then, the scions and the rootstocks were oven dried
for 3 days at 70°C until their weight remained constant.
Afterward, the shoots and roots were measured and stored
for further analysis. More than ten grafted melon plants in
three replicates were used for further analysis.

Determination of total N, P and K amount

Dried non-grafted and grafted plant samples were ground to
powder separately in a Wiley mill. In the grafted plant, scion
and rootstock sections were ground separately.
Subsequently, 0.5 g comminuted tissues was analyzed for N
and K contents following a previously reported method
(Rashid et al. 2016). The total K content was analyzed in the
filtrate by using flame atomic absorption spectrophotometry.
The total P content of the plants was determined according
to a previously reported method (Abbasi et al. 2011).
Approximately 5 mL of H,SO, was added into the digestive
tract. Then, 2 mL of H,0, was added. After intense reaction,
heating was continued for 5 min to remove excess H,0O,.
After cooling, the digested liquid was transferred into a 100
mL bottle.

Microbial DNA extraction
In each plastic pot, approximately 0.5 g fresh rhizosphere

substrate was used to extract total DNA. In this study, Fast
DNA kits (MP Biomedicals, U.S.A.) was used according to

the manufacturer’s instructions. Afterward, a Nano Drop™
2000 spectrophotometer (Nano Drop Technologies,
Wilmington, DE, USA) was used to determine DNA
quantity and quality. To improve our analysis, we stored the
DNA samples at -80°C.

Gene amplification and sequencing

To amplify the 16S rRNA V4-V5 genes from bacteria, we
used the primers F515 (5’ -GTGCCAGCMGCCGCGG-
3’ Yand R907 (5" -CCGTCAATTCMTTTRAGTTT-3' ).
The DNA samples that were previously stored at —80°C
were used as templates, and the polymerase chain reactions
(PCRs) were operated following a previously reported
method (Sun et al. 2015) under the following conditions (50
uL). In brief, the reaction was allowed to proceed at the
initial temperature of 94°C for 5 min, followed by 30 cycles
at 94°C for 30 s, 55°C for 30 s, and 72°C for 30 s; and
finally, at 4°C. To increase the quality of analysis further, we
purified the PCR products (Qiagen Gel Extraction Kit,
Germany) as the stand processes. Illumina MiSeq
sequencing was handled as previously described (Shen et al.
2013). Then, sequencing was accomplished (SRP234750)
using an using an Illumina MiSeq platform (Biozeron
Company, http://www.biozeron.com, Shanghai, China).

Sequence analysis

When pyrosequencing was finally accomplished, the
sequences were analyzed by the following processes, and
several standards were set to screen the sequences (Hu et al.
2012). On the basis of the sequencing results, we used the
following criteria: sequences with the length of < 200 bp
were initially filtered and excluded from further analysis, a
homopolymer longer than 6 bp were removed, and
substantial mismatching bases or barcodes or those with a
quality score of <25 as detected by Sino GenoMax were
excluded. The sequence of each operational taxonomic unit
(OTU) exhibiting high relative abundance was further
analyzed using the nucleotide database according to a
previously reported method (Sun et al. 2015). The Mothur
software was used to determine and analyze these OTUs
(http://Aww.mothur.org), and 97% identities were covered.
A typical OTU was considered according to its abundance
in sequences (Sun et al. 2015).

Statistical analysis

Chao 1 and Shannon indices were estimated to evaluate the
bacterial richness of the samples by using the software
QIIME according to a method that was described previously
(Zhou et al. 2018). To analyze the functions between
microbial communities of all substrate samples, we
performed principal component analysis (Pcoa) following a
previously reported method (Wanapaisan et al. 2018).
LEfSe analysis was performed to highlight biological
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relevance and uncover the important microbial groups in the
samples (Zhang et al. 2013). Main environmental factors,
including pH, AN, AP, and AK, were chosen to analyze their
effect on bacterial community by using canonical
correspondence analysis (CCA) (Zhou et al. 2018). The
sequence data have been deposited in the Read Archive
database under request for release. Data were collected, and
mean analysis was performed using EXCEL. The data were
also analyzed using one-way ANOVA (Fisher’s LSD test)
and Pearson correlation coefficient at P < 0.05 (*), P < 0.01
(**), and P < 0.001 (***) by using the SPSS software
version 19.0 (SPSS Inc., USA).

Results
Nutrient uptake in scion and rootstock

The growth performances between grafted melon plants
were insignificant when two rootstocks were used. However,
the grafted plants in WF rootstock were slightly stronger than
those of YF rootstock in six treatments (Fig. 1la and b).
Significantly differences were detected in terms of nutrient
adsorption. The highest N and P contents of the scions in the
WEF rootstock were 3.29 and 0.39 mg plant * at the pH of 6.5,
respectively (Table 1). Meanwhile, the highest K content was
2.42 mg plant * at pH 5.5 and 6.5. N content in scion was the
lowest at the pH of 5, which was 2.08 mg plant *, while the P
and K contents were the lowest at the pH of 6. The highest
N, P, and K contents in WF rootstock section were 2.77,
0.41, and 2.27 mg plant ™ at the pH of 6, respectively. The
lowest N content of rootstock was 1.98 mg plant * at the pH
of 5, and the lowest P and K contents were 2.06 and 1.44 mg
plant ™ at the pH of 8, respectively.

Among the grafted plants by using YF rootstocks, the
highest N, P, and K contents in scions were 3.19, 0.33, and
2.26 mg plant® at the pH values of 6.5, 5.0, and 6.5,
respectively. The lowest N, P, and K contents in scions were
2.39, 0.24, and 1.42 mg plant * at the pH of 8, respectively.
The highest N and P contents in YF rootstock sections were
2.26 and 0.36 mg plant® at the pH of 5.5, respectively.
Meanwhile, the highest K content was 1.45 mg plant * at the
pH of 6.5, and the lowest N, P, and K contents in rootstock
sections were 2.39, 0.24, and 1.42 mg plant ™, at the pH of 8,
respectively. The lowest N content was 1.43 mg plant™ at
the pH of 7. The lowest P and K contents were 0.15 and
0.84 mg plant™* at the pH of 8, respectively (Table 1).

The nutrient content ratio of scion to rootstock was
calculated in WF and YF rootstocks. The distribution ratio
of N in scions and rootstocks was > 1.0, except for WF
rootstocks at the pH of 6, which was 0.77. The P proportion
in the scions and rootstocks was < 1.0, and only that in the
YF rootstocks were >1 at the pH values of 5, 7, and 8. The
K distribution ratio in scions and rootstocks was >1.0,
except for WF rootstocks at the pH of 6, which was 0.62. In
the grafted seedlings of YF rootstocks, the K content in the
scions and rootstocks constantly increased (Table 1).

Nutrient uptake in non-grafted and grafted plants

Among the six pH substrates, the N content in non-grafted
plants was between 1.22 mg plant * to 1.67 mg plant *, and
the highest content was 1.67 mg plant* at the pH of 6.5.
Meanwhile, the total P content ranged from 0.12 and 0.23
mg plant %, and the highest content was observed at the pH
of 6. The lowest K content was observed between 0.94 and
1.90 mg plant*, and highest one was found at the pH of 6.5.
The lowest N and P contents were observed at the pH of 8.0
for non-grafted seedlings, while the lowest K content was
found at the pH of 5.0 (Table 2).

Among the grafted plants of WF rootstocks, the
highest total N and P contents were observed at the pH of
6.5, which were 5.73 and 0.79 mg plant®, respectively.
Meanwhile, the highest K content was observed at the pH of
5.5, which was 4.65 mg plant ™. In the grafted plants of YF
rootstocks, the highest N, P, and K contents were 5.41 mg
plant* at the pH of 6.5, 0.67 mg plant™* at the pH of 5.5,
and 3.72 mg plant™® at the pH of 6.5, respectively. The
lowest total N, P, and K contents in the grafted seedlings of
the two rootstocks were all observed at the pH of 8. The N,
P, and K contents in grafted seedlings were significantly
higher than those in non-grafted plant. Grafting with two
rootstocks (WF and YF) increased the N, P, and K uptake by
3.3-, 3.5-, and 2.4-fold, respectively. At the pH of 5, the
highest N, P, and K values were 3.87-, 4.42-, and 3.60-fold
when YF rootstocks were used to graft seedlings (Table 2).

Pearson correlation analysis showed that in the two
rootstocks (WF and YF), pH was negatively correlated with
root dry weight and N, P, and K contents (Table 3). P was
negatively and strongly correlated with pH in the scion of YF
rootstock (**P < 0.01). When WF was used as the rootstock,
the dry weight and N of scions was significantly correlated
with P and K (**P < 0.01). The P content was significantly
correlated with K in scions and rootstocks (**P < 0.01). The
N contents in the scions and rootstocks were significantly
correlated with P in rootstocks and K in the whole plant by
using YF as the rootstock. The P content in the rootstock was
significantly correlated with K in rootstock (**P < 0.01). The
P content in the scion was significantly correlated with that
of rootstock. Meanwhile, the P and K contents in the
rootstock were significantly correlated (**P < 0.01). The K
content in scion was significantly correlated (*P < 0.05) with
that in the rootstock (Table 3).

Bacterial community diversities

As shown in Fig. 2, the Chao index reflected the structure of
bacterial community in the substrate. The initial Chao index
of the substrate was significantly lower than that of the
substrate after seedling raising (Fig. 2a). Regardless of the
pH value, the abundance of bacterial community in the
substrate of the two rootstocks increased, especially in the
rhizosphere of the grafted seedlings of yellow-seeded
rootstocks. Compared with the Shannon index, the difference
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Table 1: Comparison of nutrient uptake in grafted scion and two rootstocks plants

Treatment Nitrogen (mg plant™) Ratio Phosphorus (mg plant™) Ratio Potassium (mg plant™) Ratio
Scion Rootstock Scion Rootstock Scion Rootstock
W1F (5.0) 2.08 +£0.09 1.98 +£0.05 1.05 0.26 +0.05 0.31+0.04 0.83 1.67 £0.09 1.67£0.08 1.00
W2F (5.5) 3.04+011 2.41+0.06 1.26 0.37+£0.03 0.40+0.03 091 2.42 +0.06 2.23+0.05 1.08
W3F (6.0) 2.12+0.08 2.77 £0.03* 0.77 0.23+0.02 0.41 +0.04* 0.56 1.40+0.03 2.27 +0.06* 0.62
WA4F (6.5) 3.29+0.07* 244 +0.09 135 0.39 +0.03* 0.39+0.03 0.97 2.42 +0.05* 2.14+0.07 113
WS5F (7.0) 3.16+0.04 2.42+0.08 1.30 0.33+0.02 0.34 +0.06 0.97 2.38+0.08 1.82+0.05 131
W6F (8.0) 2.26 £0.06 2.06 +0.06 1.10 0.24+£0.05 0.26 +0.02 0.93 152 +£0.05 144 +0.04 1.05
Y1F (5.0) 3.07 +£0.08 2.14+0.04 1.44 0.33 +0.06* 0.32+0.05 1.06 1.96 +0.06 1.41+0.06 1.40
Y2F (5.5) 2.86 +0.09 2.26+0.10 1.26 0.30+£0.07 0.36 +0.06 0.84 1.92 +0.05 1.43+0.05 1.34
Y3F (6.0) 2.75+0.08 2.08+0.10 1.32 0.30+0.08 0.31+0.03 0.99 1.81+0.02 127 +£0.06 143
Y4F (6.5) 3.19+0.10 2.21+0.09 145 0.26 +0.06 0.31+0.05 0.85 2.26 +0.06* 1.45 +0.09* 156
Y5F (7.0) 2.40 +£0.09 1.43+0.08 167 0.24 +0.07 0.19+0.02 1.26 1.65+0.03 0.95 +0.08 173
Y6F (8.0) 2.39+0.10* 1.53 +0.09* 157 0.24 +0.05 0.15+0.03* 154 1.42 +0.04* 0.84 +0.06* 1.70

Ratio = scion / rootstock. * Significant at the P < 0.05 level

Two rootstocks, namely, WF and YF that were grown in six pH substrates were abbreviated form as W1F to W6F and Y1F to Y6F, respectively

Table 2: Nutrient uptake in non-grafted and grafted seedlings

Treatment Nitrogen (mg plant™) Ratio Phosphorus (mg plant™) Ratio Potassium (mg plant™) Ratio

Non-grafted NG1 (5.0) 1.35+0.09 / 0.15+0.10 / 0.94+0.10 /
NG2 (5.5) 1.47 £0.08 / 0.20 £0.08 / 131+011 /
NG3 (6.0) 1.59 +0.06 / 0.23+0.09 / 1.67 £0.09 /
NG4 (6.5) 167+0.12 / 0.18+0.11 / 1.90 +£0.08 /
NG5 (7.0) 163+0.11 / 0.15+0.10 / 1.66 +0.10 /
NG6 (8.0) 1.22+0.07 / 0.12+0.10 / 1.39+0.09 /

Grafted WI1F (5.0) 4.06 +0.08 3.02 0.57 £0.09 3.90 3.34+0.12 3.57
W2F (5.5) 5.45+0.09 3.70 0.78 £0.07 3.88 4.65+0.11 3.54
W3F (6.0) 489+0.11 3.08 0.64£0.11 2.74 3.67+0.13 2.20
WA4F (6.5) 5.73+0.09 343 0.79+0.14 4.39 456+0.10 241
WH5F (7.0) 5.59+0.12 342 0.67+0.12 4.40 420+0.12 253
W6F (8.0) 432+0.13 351 0.50+0.10 411 2.96 +£0.08 2.13
Y1F (5.0) 520+0.10 3.87 0.65+0.08 442 3.37+0.15 3.60
Y2F (5.5) 5.13+0.07 348 0.67 £0.02 331 3.35+0.13 2.55
Y3F (6.0) 484+0.12 3.04 0.61+0.09 261 3.08+0.11 1.85
Y4F (6.5) 541+0.09 3.24 0.58 +0.05 321 3.72+0.13 1.96
Y5F (7.0) 3.83+0.08 234 044 +0.07 2.85 2.59+0.09 157
Y6F (8.0) 3.92+0.11 3.19 0.39+0.11 321 2.26 +£0.07 1.62

The two rootstocks, namely, WF and YF that were grown in six pH substrates were abbreviated as W1F to W6F and Y 1F to Y6F, respectively

of bacterial community abundance between initial pH
substrate and post-nursery was not as significant as that of
Chao index. However, after breeding the seedlings, the
abundance of bacterial community in substrate significantly
increased (Fig. 2b).

Among the six initial substrates, Rhodanobacter
increased significantly from 0.40% in Su6 to 14.26% in
W5F (Fig. 3). The number of Bacillus decreased from
14.61% in Sul to 2.56% in W2F. The proportion of
Lactococcus population in the initial substrate was low,
thereby increasing from 2.59% in Sul to 11.73% in W1F.
Rhizomicrobium population had a high number in the initial
substrate (Sul-Su6) and high number in the low-pH
substrate (6.64% in W2F and 5.24% in Y1F). The
Chloroplast population content in the initial substrate (Sul-
Su6) was extremely low, and the total distribution content
was between 0.01 and 0.60%. After the breeding of
seedling, the number of Chloroplast increased to 6.14% in
W1F and 6.27% in Y3F. The initial substrate content of
Devosia population was also relatively low, which was only
1.03% of Sul, and increased to 3.55% of Y2F and 3.44% of
W2F after seedling were produced (Fig. 3).

The Venn diagram showed that 191 common OTUs
were found in all substrates. Y3F showed the highest

number of OTUs, while the lowest was Su6. The pH value
was between 6 and 7, and the OTU of bacteria was at a high
level, especially for grafted seedlings of YF rootstocks (Fig.
4a). Through Pcoa analysis, with the increase in the pH
value, each treatment showed evident regional distribution.
pH was the main factor that regulated the OTU numbers in
the six substrates (Fig. 4b).

The heat map analysis showed that the community
abundance of the initial substrate was low, while the
structure abundance of bacterial community of yellow-
seeded grafted rootstocks increased most significantly
(Fig. 5). Regardless of whether the pH increased or not,
the main bacterial populations in the substrate were
Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria,
and Gemmatimonadetes. The abundances of the bacterial
community in the base of the pH value were significantly
lower than those in the base after seedling raising. The
rhizosphere bacterial communities of the two rootstocks
showed similar trends with the increase in pH.

CCA and LEfSe analyses

The CCA analysis showed that the structure of bacterial
community was significantly correlated with pH, N, and P
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Table 3: Pearson correlations of pH values and dry weights of scion, rootstock part, and root with nutrients

Variables WSD WSHD WRD WNS WNR WPS WPR WKS WKR

0.086 0.222 -0.253 0.136 -0.082 -0.127 -0.508 -0.075 0.473 pH

0.676 0.850* 0.986** 0.146 .949** 0.352 0.979** 0.291 WSD

YSD 0.180 0.817* 0.765 0.784 0.612 0.661 0.613 0.649 WSHD
YSHD 0.481 0.817* 0.874* 0.557 0.881* 0.772 0.870* 0.720 WRD
YRD 0.513 0.659 0.442 0.272 0.944** 0.432 0.962** 0.384 WNS
YNS 0.702 0.702 0.877* 0.523 0.179 0.820* 0.142 0.845* WNR
YNR 0.792 0.373 0.783 0.277 0.894* 0.516 0.970** 0.462 WPS
YPS 0.952** 0.020 0.327 0.446 0.634 0.766 0.423 0.995** WPR
YPR 0.884* 0.281 0.723 0.273 0.818* 0.961** 0.812* 0.361 WKS
YKS -0.631 0.729 0.907* 0.398 0.945** 0.824* 0.482 0.797
YKR -0.849* 0.497 0.834* 0.407 0.936** 0.966** 0.761 0.966** 0.913*

pH YSD YSHD YRD YNS YNR YPS YPR YKS

WSD, white rootstock scion dry weight; WSHD, white rootstock shoot dry weight; WRD, white rootstock root dry weight; WNS, N content in scion; WNR, N content in rootstock
section; WPS, P content in scion; WPR, P content in rootstock section; WKS, K content in scion; WKR, K content in rootstock section. The same abbreviations are defined for

yellow rootstock
Correlation is significant at the **P < 0.01 level and *P < 0.05 level

but showed weak correlation with K (Fig. 6a). pH was
significantly correlated with not only the increase but also
the decrease in most bacterial communities, followed by the
N and P contents, which were also significantly correlated
with the change in bacterial community structure. However,
the change in K was slightly weak, which can affect the
structure of bacterial communities (Fig. 6b).

The functional groups of bacterial communities in
different substrates varied in numbers and groups. Red color
represents the microbial groups that played an important
role in the initial substrates, but the total number in Su was
small. Meanwhile, green and blue colors represented the
important bacterial communities in WF rootstocks and YF
rootstocks after the end of seedling cultivation (Fig. 7). The
bacterial community that played an important role in the
substrate of YF rootstock was much higher than that of WF
rootstock.

Discussion

In vegetable production, grafting has become a standard and
useful practice to breed robust seedlings to overcome soil-
borne diseases (Kubota 2008; Lee et al. 2010; Mohamed et
al. 2014; Nawaz et al. 2017). The present study showed that
melon grafted to the two rootstocks (WF and YF) can
significantly increase N, P, and K uptake regardless of the pH
levels in the substrates. Nutrient uptake is a major factor
determining plant growth and affecting productivity (Pii et
al. 2015). Plants can acquire N, P, and K through their roots
from the soil under inorganic and organic forms to meet
plant growth (Kirk 2001; Owen et al. 2015; Raven et al.
2018), which is especially important in grafted plants. The
results of the present study showed that different pH
substrates significantly affect nutrient uptake not only in non-
grafted melon plants but also in grafted melon plants. Soil
pH shows remarkable impact on nutrient uptake by crop
plants (Bouain et al. 2019), and changing the pH in soil can
improve nutrient status (Agegnehu et al. 2016; Oladele et al.
2019). The data of the present study suggested that pH can
affect nutrient uptake in substrate ranging from 5 to 8.

Fig. 1: Grafted melon plants from white rootstock (a) and
yellow rootstocks (b) grown in six treatments (pH range of 5.0
t0 8.0)

Fig. 2: Chao (a) and Shannon (b) indices of bacteria in all
treatments

Sul to Su6, W1F to W6F, and Y1F to Y6F represented the pH values of 5.0, 5.5,
6.0, 6.5, 7.0, and 8.0 in the initial substrate, white rootstock, and yellow rootstock,
respectively

Additional nutrients were absorbed at the pH ranging 6.0 to
6.5 but decreased amount were taken under low (5.0) or high
pH (8.0) regardless in scion or rootstock sections (Table 1).
On the other hand, our finding showed that pH of substrate
should be properly regulated to a fine range to breed
seedlings. pH affects plant nutrient uptake, and a suitable pH
range should be considered (Smith et al. 2004; Tu et al.
2018). This finding will be helpful in seedling substrate
production.

Plant root and leaf traits explain approximately 50% of
the variability in nutrient concentration (Wendling et al.
2016). In the present work, we also analyzed the nutrient
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Fig. 3: Bacterial community compositions in all substrates at
genus level
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Fig. 4: OTU Venn analysis (a) and Pcoa analysis (b) of bacteria in
different treatments

Fig. 5: Heatmap analysis of bacterial communities at phylum level

distribution in the whole grafted plants. The N and K ratios
in the scion and rootstock was maintained at >1. The P ratio
was <1 in the white rootstock but >1 in the YF rootstock at
high pH setting. Although P and K uptake in plants are
similar to N assimilation (Wu et al. 2005; Goémez et al.
2019), the N content in the scions and rootstocks in the
present study was significantly correlated with P in
rootstocks and K in whole plant by using YF as the
rootstock. N availability in soil can positively affect P
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Fig. 6: Canonical correspondence analysis of bacterial

communities in different substrate samples and environmental
nutrient factors. (a) Heatmap of correlations (b). *, **, and ***
indicated significant correlations at P < 0.05, P < 0.01, and P <
0.001, respectively. Available N (AN), available P (AP), available
K (AK), and pH were used

Cladogram

Fig. 7: Diagrammatic presentation of LEfSe analysis in three
substrates. Three groups were illustrated with red (Su), green
(WF), and blue (YF) colors. Each marked color group exhibited
the important bacterial phyla in three treatments

resorption in plant leaves (Yan et al. 2018). Our data
indicated that N affected P and K uptake in the scions and
rootstocks in varied pH substrates.

The N and K concentrations were maintained high in
the scion section instead of in the root (Table 1). By contrast,
the P content was low in the scion. Soper et al. (2019) found
no evidence confirming that N status is strongly linked to P
acquisition. Alternatively, P is critical for plant growth but
also is one of the most difficult nutrients for plants to acquire
(Vance et al. 2003; Rose et al. 2016). P deficiency affects the
accumulation and partitioning of other nutrients, such as rice
plant grown in soil without P, exhibiting decreased
accumulation of N and K in above-ground part (Guerriero
and Cai 2018). In the present study, P content in rootstock
section was not only significantly correlated with K content
(**P < 0.01) but also with P content in the scion in the YF
rootstock (Table 3). As long as the plants can adapt their root
system according to nutrient conditions (Wendling et al.
2016; Borden et al. 2019), proper pH value of substrate will
be helpful to produce grafted plants. The P content was low
in the scion, whereas those of N and K were high in the scion
than in the rootstock, thereby suggesting that additional N
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and K were absorbed and transported to the scion section in
grafted plants. Scion leaf size is the main factor contributing
to biomass, and leaf dry weight is increased by N uptake
(Terrer et al. 2018). Our data also indicated that additional N
and K were required by the growth of scions; otherwise,
grafted plant growth will be restricted by low N availability.

Grafting is a tool that can increase the low nutrient
stress tolerance of crops (Pradeep et al. 2015; Martinez-
Anddjar et al. 2017). Similar to the results of these reports, in
the present study, compared with non-grafted melon plants,
those grafted with two rootstocks showed significantly
increased N, P, and K absorption in the scion or the rootstock
section of the grafted seedling plant. Our data showed that
the N, P, and K contents in grafted plant can be increased by
3.87-, 4.42-, and 3.60-fold higher than those in non-grafted
melon plant, especially in terms of increased P uptake (Table
2). Our data suggested that using pumpkin rootstock will be
a useful practice to increase nutrient status in grafted plants.
The genome sequences of pumpkin species (Cucurbita spp.)
have provided evidence supporting an allotetraploid of
Cucurbita from two progenitors. Upregulated genes involved
in defense and heat responses are also present in hybrid root
(Sun et al. 2017). These findings may explain the strong
ability of pumpkin to absorb nutrients in the substrates. Few
rootstocks can increase scion growth and yield but do not
differentially respond to decreased N rates (Suchoff et al.
2019). On the contrary, other study has pointed out that the
influence of grafting on nutrient uptake in pepper depends
not on the rootstock genotype but on the combination of
rootstock/scion (Ropokis et al. 2019). However, in the
present study, the two rootstocks showed remarkable
improvement in nutrient uptake (Table 2). Hence, pumpkin
rootstocks have strong ability to absorb nutrients from the
substrate, thereby providing additional elements to the scion.
Ren et al. (2018b) reported that the grafted cucumber grew
better than non-grafted treatment, and compatible pumpkin
rootstocks promotes plant growth, which may due to strong
ability for cell proliferation and increased efficiency in
carbohydrate metabolism. In summary, these findings can be
continuously applied in exploring nutrient traits in other
rootstock plant species.

Microbes play key roles in plant nutrient acquisition, N
and C cycling, and soil formation (Heijden et al. 2015). The
present results on the Chao and Shannon indices indicated
that the substrate at the pH of 5 showed decreased richness of
bacteria. After the breeding of grafted plant, Shannon and
Chao indices in the two rootstocks increased in six pH
substrates (Fig. 2). Soil bacterial diversity (Shannon index)
and richness (Chao index) are important criteria for
microbial community analysis (Lupwayi et al. 2018; Fu et al.
2019). As shown in Fig. 3, using two rootstocks showed the
similar microbial structures among six pH substrates.
However, the structures of these two rootstocks was
considerably different from the initial structure of microbial
communities, thereby indicating that breeding seedlings
changed the structures of microbial communities in the

substrates by the same pumpkin rootstock. In the three
substrates (i.e., Su, WF, and YF), the most predominant
bacteria phyla included Proteobacteria, Firmicutes,
Bacteroidetes, Actinobacteria, and Gemmatimonadetes (Fig.
5), thereby indicating that these phyla were the basic groups
in the treatment. However, these phyla are the most abundant
ones not only in soil but also in water and sediment (Cheng
et al. 2016; Hou et al. 2018). Actinobacteria is recognized as
a dominant bacterial population in soils, and Proteobacteria
is also the predominant phylum in agricultural soils
(Lupwayi et al. 2018). However, in the present study, the
phyla Chloroflexi and Acidobacteria were not abundant in
the substrates as previously reported (Hou et al. 2018). In
contrast to previous results, Verrucomicrobia and Chlorobi
only showed varied abundance in WF and YF substrates but
not in Sul to Su6. However, in other studies, the two phyla
were identified as the main groups in the reactors in
biological nutrient removal or in shrimp cultural enclosure
ecosystems (Hou et al. 2017; Liu et al. 2019). This result
may be attributed to the different conditions of substrates,
and rootstock root system play functions in shaping
microbial structures in substrates. These findings will be
helpful in discriminating healthy seedlings when using
different rootstocks.

According to CCA analysis, pH is the most important
factor that determines the bacterial structures. The majority
of bacterial groups increasing or decreasing were affected by
the substrate pH (Fig. 6b). pH plays an important role not
only in the shift of microbial community structures in sludge
fermentation (Maspolim et al. 2015) but also in shaping soil
bacterial structures in the soil active layer. pH also has a
strong effect on the structure of soil microbial communities
at all scales (Ren et al. 2018a). Similar to these reports, our
data also suggested that pH was the first priority in selection
of substrates for breeding seedlings, thereby indicating that
in the substrates, most microbial communities will be
affected and are easily regulated by setting proper pH values.
AN and AP also remained strongly correlated with bacterial
community compositions, whereas AK was weakly linked
with the bacterial structures. N availability affects the
microbial community that is involved in N cycling (Li et al.
2019). P is another principal factor in shaping microbial
community composition (Liu et al., 2018; Samaddar et al.
2019). The findings of the present study suggested that AN
and AP still played important roles in shaping microbial
diversity in the breeding substrates when producing grafted
seedling by using two selected rootstocks. Our study
provides an example illustrating the importance of nutrient
uptake in grafted seedlings.

Conclusion
The different pH levels of substrate played important roles in
nutrient uptake and accumulation in the grafted melon plants.

Significant nutrient uptake was observed in grafted melon
plants in all six pH levels of the substrates. The most
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predominant  bacterial phyla were Proteobacteria,

Firmicutes, Bacteroidetes, Actinobacteria, and
Gemmatimonadetes. On the contrary, phyla such as
Chloroflexi and Acidobacteria decreased in the substrates.
The pH, AN, and AP were significantly correlated with the
bacterial community structures in the varied pH substrates.
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