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Effects of Nutrient Elements on Paddy Rice Yield, Nitrogen Use Efficiency and Grain
Quality under Long-term Experiment
Phan Thi Thuy
Faculty of Agronomy, Vietnam National University of Agriculture, Trau Quy, Gia Lam, Ha
Noi, Vietnam
Email: thuynh@vnua.edu.vn

ABSTRACT

Exploiting a long-term fertilization study in Andosol, the effects of N, P, K, Si and
compost (Co) on rice yield, nitrogen use efficiency (NUE) and grain quality were investigated
using two cultivars, Nipponbare and Koshihikari. The application rate for each element in a
standard (NPK) plot was 7.5 g m™. Plots with no fertilizer, with a deficiency or double dose
of N, P, and/or K, with Co, and with NPK plus calcium silicate or Co were investigated. Three
NUE parameters (NUEs) were measured: N use efficiency for grain yield (NUEg), recovery
efficiency of N (REN) and partial factor productivity of N (PFPN). P fertilizer had the most
important role in rice growth in the Andosol paddy field. Grain yield increased in 2NPK,
N2PK and NPKSi plots compared to the NPK plot. NK, 2NPK, NPKCo and 2N2P2K plots
showed reduced NUEs. The N2PK plot had increased REN and PFPN, while the NPKSi plot
showed increased NUEs in 2018. The NP plot had reduced grain yield and NUEg in
Koshihikari. Taste value did not correlate to K level, while it had negative correlation with N
level and positive correlation with P level. The results indicate that grain yield, NUEs and
grain quality can be maintained by a decrease in fertilizer N combined with adequate P
application. K fertilizer may not be required for Nipponbare but should be applied to
Koshihikari. Si could improve grain yield and NUEs whilst Co was not effective.

Keywords: calcium silicate, nitrogen, phosphorus, potassium, rice straw compost.

1. INTRODUCTION

Increasing fertilizer nutrient input, especially N fertilizer, has contributed considerably
to improve crop yields globally (Xue ef al., 2013). However, overuse of fertilizer and
unbalanced NPK application rates to increase rice production have resulted in soil-related
problems, such as acidification, structure degradation and organic matter loss (Zhong & Cai,
2007). This leads to a yield decrease in rice production systems. The increase in the rate of
rice yield decreased gradually from 3.0 % in 1981 - 1985 to 1.8 % in 1986 - 1990 and less
than 1 % in recent years (FAOSTAT). Appropriate nutrient management is one of the most
important factors for improving rice yield and maintaining sustainability.

Nitrogen use efficiency (NUE) is the main index used to evaluate crop production
systems and it is related both to production quantity and environmental safety (Cassman et al.,
2002). NUE reflects the relative balance between the amount of fertilizer supplied and the
amount absorbed or used by a crop to produce grain, biomass or other end-products (Dawson
et al., 2008). Trends in reduction of NUE have been reported (Ladha et al., 2005) due to the
unbalance between N application and crop demand, leading to N loss through denitrification,
surface runoff, volatilization and leaching (Raun & Johnson, 1999). Low NUE thus not only
increases production costs but also causes environmental pollution.

Nowadays, with the rapid economic growth and improved living conditions,
consumers pay more attention to rice quality, requiring researchers should focus not only on
increasing grain yield but also enhancing grain quality according to market requirements.
Grain quality is not only controlled by genotype but also affected by agronomic treatments
and environmental conditions (Dong et al., 2007; Hakata ef al., 2012; Sugiura et al., 2013).
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Numerous studies to estimate NUE and grain quality in rice have been conducted but
they were almost all based on short-term experiments (Xie et al., 2007; Xie et al., 2011; Kumar
et al., 2015; Huang et al., 2016; Zhou et al., 2018). Long-term experiments are important in
order to gain an understanding of how yield trends, soil dynamics and nutrient cycling are
affected by year (Miao et al., 2011). There are only a few studies which focused on NUE under
long-term fertilization (Yadvinder et al., 2009; Duan ef al., 2014) and they were conducted in
rice-wheat systems. There is also a need to evaluate the effects of P and K on NUE and grain
quality in rice production systems using long-term experiments.

The long-term fertilization experiment described here has been carried out at a paddy
field in University of Tsukuba, Japan since 1978 using the variety Nipponbare in Andosol
(Yonekawa et al., 2001). The objective of this experiment is to evaluate the effect of different
fertilizers, include N, P, K, Si and compost on rice yield but not to look at NUE. Nipponbare
was one of the most popular cultivars in Japan, but nowadays, Koshihikari is the most widely
cultivated in the country, accounting for 36.2 % of the total paddy rice area in Japan (Kobayahi
et al., 2018). We therefore conducted research based on this long-term fertilization experiment
to evaluate the role of N, P, K, Si and compost on rice yield, NUE and grain quality in two
rice cultivars, Nipponbare and Koshihikari. Direct data from this long-term fertilization
experiment in the paddy field will contribute to improving the efficiency of fertilizer
management.

2. MATERIALS AND METHODS
2.1. Study site

The experiment was conducted at the long-term fertilization experiment site in
Tsukuba-Plant Innovation Research Center, University of Tsukuba, Ibaraki, Japan (36°12'N,
140°09'E, 25 m above sea level). The site has been in operation since 1978. The soil was
classified as Andosol (IUSS Working Group WRB, 2015). Andosol is the typical soil
developed from volcaniclastic material with high aluminum, organic matter, and available Si
contents (Shoji & Takahashi, 2002; Yanai et al., 2016).

2.2. Experimental design and field management

The long-term experimental site was divided into 12 fertilization plots with different
combinations of inorganic N, P, K, Si and compost (Co), or with no supplement (Zero) (Table
1). For N application, two-thirds was applied seven days before transplanting as a basal
dressing, and one-third was divided into two equal parts, which were applied at 35 and 20
days before heading (DBH). All inputs of P, K, Si and Co were applied as a basal dressing,
except in NP2K and 2N2P2K plots. In the latter plots, two-thirds of the K was applied as a
basal dressing and one-third of it was applied as two equal treatments at 35 and 20 DBH.
Ammonium sulfate (21 % N), superphosphate (34 % P,0s), potassium sulfate (50 % K-0),
and calcium silicate were used as, respectively, N, P>Os, K»O, and Si fertilizer. Co was
prepared from rice straw two years before use. Moisture content, N content (% dry weight),
and C-N ratio of Co were, respectively, 84.3 %, 1.7 %, and 17.1 in 2018 and 80.5 %, 1.7 %,
and 17.7 in 2019.

The experiment has no replication. Each fertilization treatment plot was divided into
two areas for two rice cultivars, Nipponbare and Koshihikari. Each area for one cultivar was
25 m? (10 m x 2.5 m). The 21-day-old seedlings were transplanted by hand on May 28, 2018
and May 31, 2019. Transplanting density was 22.2 hills m? (30 cm x 15 cm) with four
seedlings per hill.

Table 1. Fertilizer application rates in the long-term experiment (g m)

No. Plot nam N P,0s K>0 Col Sit
1 Zero 0 0 0 0 0
2 PK 0 7.5 7.5 0 0

4



3 NK 7.5 0 7.5 0 0
4 NP 7.5 7.5 0 0 0
5 NPK 7.5 7.5 7.5 0 0
6 NPKCo 7.5 7.5 7.5 1000 0
7 Co 0 0 0 1000 0
8 2NPK 15 7.5 7.5 0 0
9 N2PK 7.5 15 7.5 0 0
10 NP2K 7.5 7.5 15 0 0
11 2N2P2K 15 15 15 0 0
12 NPKSi 7.5 7.5 7.5 0 100

Note: ! Co and Si mean the amount of rice straw compost and calcium silicate respectively.
2.3. Sampling and measurements
Koshihikari and Nipponbare were harvested at the maturity stage. Above-ground
parts of rice plants were sampled with 3 replications and dried at 80 °C for 72 h for measuring
dry weight. Dried samples were then crushed to a fine powder (< 1 mm) with a cutting mill
(SM-100, Retsch GmbH, Germany) and N content was determined by the dry-combustion
method using an automatic NC analyzer (NC-220F, Sumika Chemical Analysis Service, Ltd.,
Japan). Nitrogen uptake was calculated by multiplying dry weight by the N content of the dry
matter. Fifty hills in each plot were harvested to evaluate grain yield and yield components
based on a standard procedure. Grain weight was expressed at 15 % moisture content
(Yonekawa et al., 2001).
Three NUE parameters were calculated as follows (Yu ef al., 2015):
NUEg (g gN')=GY/TN
REN (%) = [(TN¢ - TNo) / N¢] x 100
PFPN (g gN')=GY¢/ N¢
where: NUEg is nitrogen use efficiency for grain yield, REN is recovery efficiency
of nitrogen, PFPN is partial factor productivity of nitrogen, GY is grain yield, GYr is grain
yield with N application, TN is total plant N uptake, TN is total plant N uptake with N
application, TNj is total plant N uptake without N application, Ny is N fertilizer application
rate. REN was calculated using the Zero treatment plot as being without N application.
Taste value was evaluated using Rice Taste Analyzer (RCTA11A1, Satake Co., Ltd.,
Japan) using brown rice after sifting with 1.7-mm mesh sieves.
The contribution ratio (CR) of N, P and K for the traits was calculated as follow:
CR (%) = (NPK - X) / (NPK - Zero) x 100
where: NPK is value of traits in the NPK plot; X is value of traits in the PK, NK or NP
plot; Zero is value of traits in the Zero plot.
The contribution ratio of Si and compost was calculated as follow:
CR (%) = (Y - NPK) / (Y - Zero) x 100
where: Y is value of traits in the NPKSi or NPKCo plot; NPK is value of traits in the
NPK plot; Zero is value of traits in the Zero plot.
2.4. Statistical analysis
Data processing and statistical analysis were performed using Microsoft Excel and
JMP 8 software (SAS Institute Japan Inc., Japan). Analysis of variance (ANOVA) was used
for analyzing the effects of factors. Differences between plots were identified by Tukey’s
honest significant difference (HSD) test with p = 0.05.
3. RESULTS AND DISCUSSIONS
3.1. Dry weight and nitrogen uptake by rice plants
In 2018, the 2N2P2K plot had significantly more dry weight of Nipponbare (1351 g
m) compared to the NPK plot (1122 g m™?), while 2N2P2K and N2PK plots increased dry
weight of Koshihikari to, respectively, 1376 g m™ and 1350 g m™ compared to 1084 g m™ in
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the NPK plot (Fig.1a). In 2019, the highest biomass was 1326 g m™ for Nipponbare in the
N2PK plot and 1146 g m™ for Koshihikari in the 2N2P2K plot, both 21 % higher than in the
NPK plot (Fig.1b). Among the nutrient deficiency (Zero, PK, NK, NP and Co) plots, dry
weights of the two cultivars in the NP plot were similar to those in the NPK plot, while dry
weight in the PK plot was significantly less than that in the NPK plot but much greater than
that in the Zero, NK and Co plots. NP2K, NPKCo and NPKSi plots did not show any increase
in dry weight of Nipponbare and Koshihikari compared to the NPK plot. The biomasses of
the two cultivars in the NPK plot in 2019 were lower than those in 2018. The other plots were
similar except for the Co plot (Fig.1).
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Figure 1. Dry weight at maturity stage of the two rice cultivars as affected by fertilization
conditions in 2018 (a) and 2019 (b). Vertical bars indicate standard error (SE).
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Figure 2. Nitrogen uptake at maturity stage of the two rice cultivars as affected by fertilization
conditions in 2018 (a) and 2019 (b). Vertical bars indicate SE.

Nipponbare in the 2N2P2K plot had the highest N uptake (12.5 g m™ in 2018 and
13.6 gm? in 2019, values which were respectively 53 % and 51 % higher than that from the
NPK plot). The application of 2NPK in 2018, and 2NPK and N2PK in 2019, also enhanced N
uptake by Nipponbare compared to the NPK plot. In the case of Koshihikari, only the 2N2P2K
plot increased N uptake significantly, to 12.0 g m™, 46 % higher than the NPK plot in 2018,
and 14.3 g m, which was 58 % higher than the NPK plot, in 2019 (Fig.2). Among the nutrient
deficiency plots, N uptake in the NP plot was not significantly different from that in the NPK
plot, while N uptake values in the PK plot were significantly lower than those in the NPK plot
and much higher than those in the Zero, NK and Co plots. N uptake values by the two cultivars
in 2019 were higher than those in 2018, except for Nipponbare in the NPKSi plot and
Koshihikari in the 2NPK plot (Fig.2)
3.2. Grain yield and yield components

The grain yield of Nipponbare differed little between 2018 and 2019 and was almost
same as the average grain yield during the period 1978 to 1999. Meanwhile, the grain yield of
Koshihikari was less in 2019 than in 2018 under all fertilization conditions (Table 2). This
reduction was caused mainly by a reduction in filled grain percentage. The heading stage for
Koshihikari occurred 7-10 days earlier than that for Nipponbare, so the panicle development
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period in Koshihikari was affected by low temperature from late June to the middle of July
(21.1-22.5 °C in 2019 compared to 24.2-28.8 °C in 2018). However, the effect of fertilization
conditions on grain yield was similar in the two years. Grain yield of the two cultivars was
lowest in the Zero or NK plot, ranging from 92-106 g m™ for Nipponbare and 63-93 g m™ for
Koshihikari, due to a marked decrease in panicle number and spikelet number per panicle.
Andosol, known as volcanic ash soil, has a high aluminum content, and its reaction with
inorganic phosphate renders the phosphate essentially insoluble and unavailable for plant
uptake (Shoji & Takahashi, 2002). P fertilization therefore is important for rice growth and
development in Andosol.

A deficiency of N fertilizer did not affect rice yield as seriously as P deficiency. In
the PK plot, the grain yield of Nipponbare was 219-280 g m™, representing 68-89 % of that
in the NPK plot, while the grain yield of Koshihikari was 263-330 g m, 78-86 % of the value
for the NPK plot, resulting from a reduction in panicle number (Table 2). N can be supplied
from natural N sources such as rainfall, irrigation and biological N fixation (BNF) (Ghosh &
Saha, 1997). Moreover, BNF is generally dependent on the available P content in soil (Ishii et
al., 2011), so the N-deficient but P-sufficient conditions in the PK plot might increase BNF.
Thus, since application of P not only improves rice yield but also promotes BNF activity, it
can lead to a decrease in fertilizer N requirement. Compared to Nipponbare, Koshihikari had
a higher grain yield in the PK plot but a lower grain yield in the NK plot, indicating that
Koshihikari was more sensitive to P deficiency than N deficiency. Grain yield increased in the
2NPK and N2PK plots compared to the NPK plot, with the increase being greater in
Nipponbare (16-35 %) than in Koshihikari (4-12 %).

Unlike N and P, K fertilizer had a negligible effect on rice yield in Andosol, although
the grain yield of Koshihikari declined slightly (5-7 %) in the NP plot compared to the NPK
plot (Table 2). Total K content in fresh volcanic ashes ranges from 0.5 to 4.0 % as K20, so
only a small number of Andosols supply insufficient K for crops (Shoji & Takahashi, 2002).
Similarly, a long-term experiment conducted on a Pyeongtaeg series soil type in Korea
indicated that grain yield in an NP plot was 96 % of that in an NPK plot due to the adequate
amount of extractable K in the soil (Lee et al., 2008).

In the 2N2P2K plot, the grain yield of Nipponbare was 393-435 gm™, 22-38 % higher
than in the NPK plot, while the grain yield of Koshihikari was 136-269 g m?, 36-56 % lower
than in the NPK plot, because of lodging at the ripening stage. One of the disadvantages of
Koshihikari is its low resistance to lodging (Kobayashi et al., 2018), therefore, the application
of too much chemical fertilizer, for example in the 2N2P2K plot, was not beneficial for grain
yield in Koshihikari.

Grain yield of Nipponbare in the NPKSi plot was 92-125 % of that in the NPK plot
whilst that of Koshihikari was 103-109 % of the NPK plot value (Table 2). Si has a synergistic
effect with N uptake, increasing leaf erectness and thus light interception in rice plants, thereby
improving photosynthesis and grain yield (Pati et al., 2016; Savant et al., 1997). The co-
application of Si with standard fertilization positively affected grain yield and N uptake in the
BC15 cultivar grown in the city of Thanh Hoa, Vietnam (Cuong et al., 2017). The presence of
silicate promotes the release of native inorganic phosphorus in Andosol (Hartono & Bilhaqg,
2014). In the present study, the combination of Si with NPK increased grain yield slightly in
Koshihikari, but to a much greater extent in Nipponbare in 2018, suggesting that the
effectiveness of Si fertilizer on grain yield depends on genotype.

Table 2. Grain yield and yield components affected by fertilization conditions for the
two cultivars



2018 2019

Cultivar  Plot Panicle Spikelet Fi'::: ::2::: vielg Panicle Spikelet Fi‘l:;‘: ;E:ﬂ; Yi(elld

Bl (panide?) g(%) w:igg}ht @) GG (panicie’) g(%) wl:;g}ht m)

Zero 48 530 797 208 94 50 444 856 222 04

PK 92 740 812 228 280 84 841 649 215 219

NK s4 528 773 216 106 52 444 795 225 92

NP 122 757 669 236 324 11.1 866 718 221 339

NPK 124 682 741 226 314 112 831 692 225 322

_ NPKCo 125 689 767 234 343 119 815 635 224 306
Nipponbare

Co 66 60.1 706 218 136 80 564 764 237 181

2NPK 133 834 678 226 377 134 876 767 217 434

N2PK 149 714 785 222 412 141 842 629 226 375

NP2K 130 703 67.6 227 311 112 909 644 226 329

IN2P2K 172 714 732 218 435 168 859 568 216 393

NPKSi 133 749 773 229 392 126 763 628 222 208

Zero 45 570 808 199 93 55 381 691 195 63

PK 96 867 826 21.6 330 86 951 67.1 216 263

NK 43 543 835 202 88 54 410 693 195 66

NP 119 915 735 222 395 110 950 567 222 292

NPK 132 960 67.7 222 423 108 1058 541 224 308

~  NPKCo 135 929 71.1 223 441 116 1005 609 223 352

Koshihikari . | 59 597 785 207 127 72 650 586 204 124

2NPK 122 1022 746 213 440 121 106.6 466 225 300

N2PK 158  81.1 695 223 441 136 986 527 220 345

NP2K 13.0 887 740 220 417 112 921 636 222 323

2N2P2ZK 175  79.0 416 21.1 269 149 1056 184 212 136

NPKSi 121 986 78.1 222 459 123 873 608 219 318

For both cultivars, grain yield in the Co plot was higher than that in the Zero plot but
grain yield in the NPKCo plot was similar to that in the NPK plot (Table 2). Recycling of rice
straw can significantly reduce total N fertilizer requirements (Cassman et al., 1998) and
maintain soil K and Si status in intensive rice systems (Dobermann & Fairhurst, 2000).
However, due to the low N content and high C-N ratio, the combination of rice straw compost
with NPK did not lead to any considerable improvement in rice yield in our study. Similarly,
rice straw had an insignificant effect on grain yield in long-term experiments in Asia (Dawe
et al., 2003). A long-term field trial conducted on alluvial soil in the Mekong Delta showed
that continuous application of rice straw compost did not significantly affect grain yield but
had some positive impacts on soil physical properties (Watanabe et al., 2009).

3.3. Contribution ratio of each nutrient element for dry weight, N uptake and grain yield

With Nipponbare, the contribution ratio to dry weight was 34 % for N and 92-94 %
for P. The contribution ratio to N uptake was 41-45 % for N and 92-94 % for P. N and P
contributed 16-45 % and 95-101 % to grain yield, respectively (Table 3). N contributed to
panicle number while P contributed to panicle number and spikelet number in both years and
thousand-grain weight in 2018 (data not shown here). Unlike N and P, K did not contribute to
the dry weight, N uptake and grain yield in Nipponbare. The contribution ratio of Si and Co
for dry weight, N uptake and grain yield was various by year (Table 3).

Table 3. Contribution ratio of each nutrient element for dry weight, N uptake and
grain yield of two rice cultivars
P N K Si Co
201, 201" 201 201' 201: 201" 201: 201' 201 201¢
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DW 92 94 34 34 -5 -7 15 -11 7 9
N N uptake 94 92 45 41 -10 -22 15 -5 12 10

Yield 95 101 16 45 -4 -7 26 -12 12 -7
DW 96 98 35 24 -12 21 -5 8 15 6
K N uptake 94 98 52 44 -6 -29  -18 19 14 11
Yield 102 99 28 18 9 6 10 4 5 15

Note: NB, Nipponbare; KH, Koshihikari; DW, dry weight.

Similarly, with Koshihikari, the contribution ratio to dry weight was 24-35 % for N
and 96-98 % for P. The contribution ratio to N uptake was 44-52 % for N and 94-98 % for P.
N and P contributed to grain yield 18-28 % and 99-102 % respectively through contributing
to all yield components, except for filled grain percentage. K did not contribute to the dry
weight and N uptake of Koshihikari but it contributed to grain yield 6 - 9 % (Table 3) through
contributing to panicle number and spikelet number in 2018 and spikelet number and
thousand-grain weight in 2019 (data not shown here). The contribution ratios of Si and Co for
rice growth and yield was varied by year.

3.4. Nitrogen use efficiency

In 2018, the NUEg of Nipponbare in the PK plot (48.7 g gN'!), N2PK plot (46.1 g
gN") and NPKS:i plot (43.1 g gN!) were much higher than that in the NPK plot (38.5 g gN°
1. For Koshihikari, NUEg values in the PK plot (65.2 g gN'!) and NPKSi plot (62.9 g gN!)
were greater than that in the NPK plot (51.6 g gN'"). In 2019, only the NUEg of Koshihikari
in the PK plot (42.3 g gN'!) was markedly higher than that in the NPK plot (34.0 g gN!) (Table
4). The optimal NUEg for irrigated rice has been reported to be 68 g gN™! (Witt et al., 1999).
In both years, Zero, NK and 2N2P2K plots decreased NUEg in Nipponbare, while Zero, NK,
NP, Co, 2NPK, N2PK and 2N2P2K plots decreased NUEg in Koshihikari, compared to the
NPK plot. The REN and PFPN for the two cultivars were lowest in the NK plot, ranging from
1.9-6.0 % and 8.9-14.1 g gN! respectively. NPKCo, 2NPK and 2N2P2K plots also decreased
these parameters compared to the NPK plot. Low REN but high PFPN was observed in the
Co plot. In particular, the PFPN of Nipponbare was highest in the Co plot (56.5 g gN"! in 2018
and 69.8 g gN! in 2019). Compared to the NPK plot, the N2PK plot increased REN and PFPN
for both cultivars, while the NPKSi plot increased the REN and PFPN of Nipponbare and
PFPN of Koshihikari in 2018, and the REN of Koshihikari in 2019 (Table 4).

Increasing N application rate in NPKCo, 2NPK and 2N2P2K plots decreased all NUE
parameters (NUEs) regardless of cultivar, a finding consistent with those of previous studies
(Kumar et al., 2015; Xie et al., 2007; Ye et al., 2007). The application of P improved NUE:s is
consistent with a study by Duan et al. (2014). Increasing P application rate up to 15 g m™
(N2PK) improved N uptake and grain yield, as a result of higher REN and PFPN values
compared to standard fertilization (NPK). However, NUEg in the N2PK plot was usually less
than that in the NPK plot, showing that N absorbed by plants was not always converted to
grain efficiently. When increased N uptake by a crop



Table 4. Nitrogen use efficiency parameters as affected by fertilization conditions.

Cultivar Plot 2018 2019
NUEg (g gN'h REN (%) PFPN (g gN) NUEg (g gN'") REN (%) PFPN (g gN'

Zero 3 (87) 2 (83)

PK 4 (126) 3 (92)
NK 3 (87) (6) 1 (34) 2 (71) (8) 1 (29)
NP 3 (96) 7 (110) 4 (103) 3 (92) 9 (122) 4 (105)
NPK 3 (100) 7 (100) 4 (100) 3 (100) 7 (100) 4 (100)
. NPKCo 3 (100) 6 (86) 3 (83) 3 (89) 6 (83) 3 (71)
Nipponbare | 3 (99) 3 (43) 5 (135) 3 (108) 5 (75) 6 (163)
2NPK 3 (90) 5 (75) 2 (60) 3 (102) 5 (75) 2 (67)
N2PK 4 (119) 8 (115) 5 (131) 3 (86) 12 (155) 4 (116)
NP2K 3 (103) 6 (94) 4 (99) 3 (106) 7 (94) 4 (102)
2N2P2K 3 (90) 6 (91) 2 (69) 2 (81) 6 (89) 2 (61)
NPKSi 4 (112) 8 (117) 5 (125) 3 (95) 7 (95) 3 (92)

Zero 4 (81) 2 (69)

PK 6 (126) 4 (124)
NK 3 (67) (6) 1 (21) 2 (69) ) (22)
NP 4 (89) 8 (106) 5 (93) 2 (79) 10 (129) 3 (95)
NPK 5 (100) 7 (100) 5 (100) 3 (100) 8 (100) 4 (100)
... NPKCo 4 (94) 7 (88) 4 (79) 3 (105) 7 (84) 3 (85)
Koshihikari 4 (82) 3 (42) 5 (94) 2 (87) 5 (70) 4 (117)
2NPK 4 (85) 5 (65) 2 (52) 3 (89) 4 (57) 2 (49)
N2PK 4 (86) 10 (129) 5 (104) 3 (97) 10 (121) 4 (112)
NP2K 5 (99) 7 (99) 5 (99) 3 (101) 8 (105) 4 (105)
2N2P2K 2 (44) 6 (82) 1 (32) (28) 7 (91) (22)
NPKSi 6 (122) 6 (85) 6 (109) 3 (89) 10 (123) 4 (103)

Note: NUEg, Nitrogen use efficiency for grain yield;, REN, Recovery efficiency of nitrogen; PFPN, Partial factor productivity of nitrogen; Numerical
values in parentheses are percentages of the value from the NPK plot for each cultivar;, REN and PFPN were not calculated for Zero and PK plots
because nitrogen fertilizer was not applied to these plots.
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is greater than the increase in grain yield, the phenomenon is often termed luxury absorption
(Cui et al., 2009). The weaker effect of K fertilizer, compared with N and P fertilizers, on
NUE:s in rice may well be soil type dependent because of the relatively high level of available
K in Andosol, as in the research of Duan et al. (2014). Nevertheless, K deficiency reduced
NUEg in Koshihikari compared to the NPK plot, suggesting that K fertilizer should be applied
to Koshihikari to enhance N utilization efficiency. The role of calcium silicate in the
improvement of NUEs observed in 2018 was consistent with previous reports (Ku et al., 2017;
Yogendra et al., 2013). A high PFPN was found in the Co plot because N supply was low
relative to grain production. However, the low grain yield in the Co plot is not likely to benefit
farmers. Increasing the amount of Co in order to enhance crop-available nutrients and yield
might present difficulties in storing and transporting the compost as well as increasing labor
costs (Gao et al., 2006).

The finding that Koshihikari had a higher REN than Nipponbare under all
fertilization conditions, excepting NK and 2NPK plots (Table 4), may be related to root
architecture traits such as root length density and absorption area (Garnett et al. 2009). The
lower REN of Koshihikari in the 2NPK plot may be due to greater losses from the system
rather than a reduction in plant absorption. The unfavorable temperature adversely affected
the panicle developing period in Koshihikari, hence inhibiting the translocation and
mobilization of absorbed N for grain production. As a result, the NUEg of Koshihikari
decreased considerably in 2019 and was lower than that of Nipponbare, although a higher
value was observed in 2018 (Table 4). Thus, N utilization efficiency can be enhanced through
genetic improvement but is also dependent on the constantly changing environment during
the rice growing season, especially with respect to air temperature.

3.5. Grain quality

In 2018, taste value of Nipponbare and Koshihikari was the highest in the PK plot
(70.0 and 71.7, respectively) and the lowest in the 2N2P2K plot (56.3 and 60.3, respectively)
(Fig.3). In 2019, the highest value was found in the Co plot for Nipponbare (66.0) and the PK
plot for Koshihikari (69.3); and the lowest value was found in the NK plot (57.3 for
Nipponbare and 53.7 for Koshihikari) (Fig.3). The Zero, NK and 2N2P2K plots significantly
declined taste value of two cultivars compared to the NPK plot. Meanwhile, N2PK, NP2K
and NPKSi plots increased taste value of Koshihikari in 2018.

O (@) 1 ()

0 F n 70

60 60 fm [T 1 1
» 50 50
=
S 40 40
Q
& 30 30
20 20
10 10
0 0
X X ¥ X
P4 b4 n.&
&2

Nipponbare Koshihikari Nipponbare Koshihikari

Figure 3. Taste value of two rice cultivars as affected by fertilization conditions in 2018 (a)
and 2019 (b). Vertical bars indicate SE.

Taste value of Nipponbare and Koshihikari in present study were relatively low (53.7
- 71.7) due to high amylose content and protein content (data not shown here). At above 22 °C,
increasing temperature during grain ripening was responsible for an increase in grain protein
(Resurreccion et al., 1977). The air temperature during ripening stage in August in 2018
(27.0 °C) and 2019 (27.4 °C) was higher than that in the 30-year average (25.5 “C).
Unfavorable temperature therefore adversely impacted not only rice yield but also grain
quality. The taste value of the two rice cultivars had negative correlation with N level and
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positive correlation with P level. Meanwhile K fertilizer did not correlate to taste value of both
rice cultivars (Fig.4). It means P fertilizer was very important not only for rice yield but also
for grain palatability.
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Figure 4. Relationships between taste value and nitrogen level (a), phosphorus level (b), and
potassium level (c) of two rice cultivars. Data in two years was combined to analyze.
ns, **and *** mean not significant, and significant at the 0.01 and 0.001 level respectively;
ynB and ykn mean taste value of Nipponbare and Koshihikari respectively; solid and dotted
lines are regression for Nipponbare and Koshihikari respectively.
4. CONCLUSIONS

Understanding the various effects of long-term application N, P, K, Si, and compost
on rice yield, NUEs and grain quality is necessary to contribute the development of optimal
fertilizer management. On Andosol, P fertilizer had the most important role for improving rice
yield, NUEs and taste value. N fertilizer is essential for rice growth and yield but increasing
N level decreased NUEs and taste value. To maintain grain yield and improve NUEs and grain
quality, we can reduce N application rate combinate with adequate P application. Koshihikari
was more sensitive to P deficiency than N deficiency. K fertilizer had negligible effect on
yield, NUEs and grain quality of Nipponbare but it should be applied to Koshihikari to
enhance grain yield and NUEs. The effectiveness of Si fertilizer on grain yield, NUEs and
grain quality depends on genotype and environment. Nevertheless, as a Si accumulator, rice
may need Si as a component of balance nutrition. Rice straw compost combined with standard
fertilization did not lead to any considerable improvement in rice yield and NUEs.
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Tém tit

Bénh tuyén tring nét sung ré lta 1a bénh it dugc cht ¥ nghién ctu tai Viét Nam. Muc tiéu ctia
nghién ctru ndy 1a dinh danh va dénh gia dic diém sinh hoc loai tuyén tring gay bénh thu thap
duogc tai mot s6 dia diém mién Bac gom Hai Duong va Ha Noi. Két qua phén tich phan tir va
hinh thai cho thay cac miu tuyén trung thu thap thudc loai Meloidogyne graminicola. Banh
gia tinh gdy bénh cua cac mau tuyén trung thu thép cho thdy chung c6 tinh gdy bénh cao trén
laa va c6 thé nhiém va gy bénh trén nhiéu cay trong va co dai.

Rice root knot nematode, Meloidogyne graminicola, a serious pathogen on rice in
Northern Vietnam

Abstract

Root knot disease of rice has not been adequately studied in Vietnam. Our study focused on
the identification of the causative nematode and evaluation of the pathogenicity of the
identified nematodes collected from rice fields in Haiduong and Hanoi, Vietnam. The
molecular and morphological analyses showed the collected Meloidogyne samples belonged
to the Meloidogyne graminicola species. The evaluation of the pathogenicity of the collected
M. graminicola samples showed they are high virulent to rice and pathogenic to multiple
cultivated plants and weeds.

Keywords : Meloidogyne graminicola, rice, North Vietnam

bat Vén dé

Meloidogyne graminicola gy bénh tuyen trung nét sung ré laa duge liét vao danh
sach 10 tac nhan gay bénh nguy hiém trén cay trong do chiing c6 phan b va phd ki chii rong,
kha nang thich nghi tot voi cac diéu kién sinh thai khac nhau. O Viét Nam viéc khao sat mirc
d6 nguy hiém cua M. graminicola d6i véi san xuit lua - mot cay ki chu chinh cta loai nay
cling nhu nhan thic cia ndong dan vé bénh van con han ché. Do d6, muc tiéu cua nghién ctru
nay la gop phan cung cép thong tin vé sy ¢6 mit va mic dd nguy hai cia loai tic nhan giy
bénh nay.
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Vit lleu va phuong phap nghién ciru

Cac mau lua bj bénh tuyen trung not sung duoc thu thap tai Nam Sach (Hai Duong)
va Phuc Tho (Ha N¢i). Cac ndt sung o 1& laa thu thap dugc rira sach va tuyén tring dugc
phan 1ap. Timg c4 thé tuyén tring non tudi 2 (juvenile 2, J2) duoc lay nhiém trén cdy laa gidng
IR64 ¢ giai doan 10 ngay sau nay mam. Dinh danh phan tr dugc thyc hién dya trén doan gen
ma hoa vung Internal Transcribed Spacer (ITS) cua gen ma hoa RNA ribosome va gen ma hoa
tiéu phan 1 ctia enzyme Cytochrome oxidase trén ty thé (COI). Xéc dinh céc loai gan giii trén
Genbank dugc thyc hi¢n béng phan mém tim kiém truc tuyén BLAST. Cin trinh tu da chu6i
dugc thyc hién bang phan mém ClustalX va phén tich pha h¢ dugc thuc hién bang phan mém
MEGAX. Hinh thai cac cé thé tuyen trung tudi 2 duoc quan sat, danh gia va chup bang kinh
h1en vi. Tinh gay bénh cta tuyen trung dugc xac dinh bang iy nhiém nhén tao tuyén trung
tudi 2 trén lua va cac cay trong phd blen 0 Viét Nam. Mirc d6 gay bénh duoc danh gia bang
dém so nbt sung sau lay nhiém va tuyén tring trong ré duoc quan sat bang nhudém Fuchsin.
Cac mau tuyén trung thu tai Phiic Tho (Ha Noi) dugc danh gia doc tinh trén gidng lua
Zhonghuall mang gen khang M. graminicola. Chi s6 sinh san (Reproduction factor, Rf) duoc
xéc dinh bang cong thirc Pi/Pf, trong do Pi (initial population) 1a s6 lugng tuyén trung tudi 2
lac dau duogc sir dung dé lay nhiém va Pf (final population) 13 tong sb trimg va tuyén trung
tudi 2 thu duoc sau lay nhidm 30 ngay.

Két qua va thao luan

Tuyén tring dugc phan 1ap tir & [ta bénh c6 hinh thai dién hinh dbi véi cac loai tuyén
trung ky sinh thyc vat do c6 mat cua kim hut dac trung. Hinh thai J2 trén miu lua & Hai Du(mg
va Ha Noi cho thiy chung thudc chi Meloidogyne véi phan dudi dién ‘hinh. Ket qua giai trinh
tw va phan tich trinh tu gen ITS va gen COI d4 x4c nhan tat ca cac miu tuyén trung nét sung
Meloidogyne thu thap duoc tai cac ruong diéu tra déu thudc loai M. . graminicola. Ket qua can
trinh ty da chudi cac mau M. graminicola thu dugc va céc mau tham khao san c6 trén
GenBank cho thiy khong c6 su da dang trong loai. Ving ITS ctiia mau & Hai Duong trong
nghién ctru nay trung khép 100% voi quan thé VN13, dugc thu thap trude d6 tir cting mot dia
dlem Tinh gay bénh cua M. graminicola dugc danh gia bang nhuoém Fuchsin va danh gia s6
nét sung trén cac cdy mot 1a mam va hai la mam 1ay nhiém cho thay tuyén trung co thé xam
nhiém vao mét sb cay mot 14 mam va hai 14 mam nhu ca chua, thudc 14, mot s6 c6 dai mot 14
mam, hanh, toi, ngo va dau. Pac bi¢t, mot mau M. graminicola thu tai Phuc Tho (Ha No61)
¢6 doc luc cao vi nd c6 thé xAm nhap va sinh san trén gidng lta khang Zhonghuall.

Két qua nghién ctru cho thdy muc d6 nguy hai ctia M. graminicola trong san xuét lta.
Viéc nang cao nhan thirc cuia nguoi dan trong quan li bénh nay dong vai tro quan trong vi loai
nay c6 thé xam nhiém va gy hai trén cac cay trong duge str dung luan canh ting vy & Viét
Nam. Céc khao sat quy mé rong hon trén khap Viét Nam nham danh gia mirc do da dang quan
thé vé di truyén va tinh gay bénh cua loai M. graminicola 14 can thiét.
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Age-dependent chemical signalling in gumleaf skeletonizer moths, Uraba lugens
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ABSTRACT

Theoretical models predict that female moths should strategically adjust their signalling
investment as they age, with older, virgin females increasing their pheromone output to attract
males. I explored how adult age influences the ‘calling” (pheromone-releasing) behaviour of
virgin female gum leaf skeletonizer moths, Uraba lugens, over four continuous ten-hour
scotophases (dark periods). Females commence calling shortly after eclosion, and for several
hours into the scotophase. | found that female U. lugens alter their calling behaviour with age:
but in contrast with theoretical predictions and empirical observations in other species, older
females were less likely to call and spent less time calling than younger females. Older
females, however, commenced calling earlier in the scotophase, suggesting a strategic shift,
potentially to avoid competition from younger females. | also examined male olfactory
preferences for pheromones from females of different ages. Y-maze assays showed that males
prefer the pheromones produced by younger females, and that pheromone quality likely plays
a role in this choice. The results of my experiments support the view that females can adjust
their calling behaviour to attract particular males and provides insights into the response of
males toward these different signallers.

INTRODUCTION

A significant, but often overlooked, challenge for dioecious species is for members of the
opposite sex to find each other. It is often assumed that while many males may never mate,
this is an unlikely fate for females, and yet reproductive failure is not uncommon in natural
populations of insects (Rhainds, 2010, 2019). Female insects utilize a range of signal
modalities to advertise their location, including the visual signals of fireflies (Stanger-Hall &
Lloyd, 2015) and the auditory signals of crickets (Leonard & Hedrick, 2010). However,
pheromones in the form of volatile chemicals are arguably the oldest and most widespread
means by which females communicate their location (Wyatt, 2003). While a diversity of
insects utilise sex pheromones (Baker, 1989; Harari & Steinitz, 2013; Steiger & Stokl, 2014),
arguably the most widely studied are those of moths (Harari et al., 2011; Symonds & Elgar,
2008; Umbers et al., 2015). Chemical communication is especially important among moths,
as their nocturnal lifestyle places less reliance on visual cues, unlike butterflies (Svensson,
1996). Female moths typically release sex pheromones from specialised glands, in minute
quantities that can nonetheless travel long distances before being detected by potential mates
and eliciting copulation (Wyatt, 2003). While the biochemical costs of producing these
pheromones is considered to be low (Alberts, 1992; Cardé & Baker, 1984; Fromhage et al.,
2016; Kokko & Wong, 2007), there are costs associated with calling behaviour that may have
a negative impact on survival and fecundity (Harari et al., 2011), including energetic costs
(Foster & Johnson, 2011), and the risk of attracting eavesdropping predators (Branco et al.,
2006; Hendrichs & Hendrichs, 1998; Millar et al., 2001; Tinzaara et al., 2005).

Sex pheromones convey more than simply the location of the signaller. They can
provide a reliable means of advertising the condition or quality of the signaller to the receiver
(Harari et al., 2011; Johansson & Jones, 2007; Svensson, 1996; Symonds et al., 2012) and
hence have a role in sexual selection through mate choice (Davie et al., 2010; Steiger & Stokl,
2014). Johansson and Jones (2007) suggest that pheromones can be efficient signals for mate
assessment, but compared with visual and acoustic modalities, surprisingly few studies have
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demonstrated a link between chemical signalling and sexual selection (Davie et al., 2010;
Steiger & Stokl, 2014).

Female reproductive failure (Rhainds, 2010, 2019) may select for virgin females to
adopt strategic behaviour that maximises the quality of mate she attracts, while reducing the
risk of remaining unmated as she ages. Theoretical and empirical studies demonstrate that
females vary their investment into calling behaviour according to both biotic factors
(including age, mating status and competitive signalling (Bjostad et al., 1980; Fiaboe et al.,
2003; Gemeno & Haynes, 2002; Jacas & Pefia, 2002; Lu etal., 2017; Ming et al., 2007; Noldus
& Potting, 1990; Rehermann et al., 2016; Swier et al., 1977; Valles et al., 1992) and abiotic
factors (including temperature, host plant quality, and photoperiod (Delisle, 1992; Delisle &
McNeil, 1986, 1987a, 1987b; Jacas & Pefia, 2002; Kamimura & Tatsuki, 1993; McNeil, 1991,
Noldus & Potting, 1990).

The effect of female age on lepidopteran signalling has been examined in a range of
species, primarily in the context of virgin-female signalling investment and the risk of
reproductive failure (Delisle, 1995; Mazor & Dunkelblum, 2005; Turgeon & McNeil, 1982;
Webster & Cardré, 1982). An understanding of how age affects female signalling is important,
given that all females age, regardless of differences in demography, mating system and
behaviour. Umbers et al. (2015) demonstrated theoretically that virgin female moths should
increase their signalling effort as they age in order to influence the arrival rates of males. Even
with the costs associated with pheromone production considered low, their mathematical
model demonstrated the potential for virgin females to adjust facultatively their pheromone
investment. They proposed that this would allow females to select initially for high-quality
males capable of detecting small amount of pheromones (Greenfield, 1981; Johnson et al.,
2017b), and also to minimise the risk of failing to mate. Their review of the literature revealed
that in the vast majority of studies of moth calling behaviour (23 of 32), females increased the
time spent calling with age.

Umbers et al. (2015) further highlighted the lack of studies that provide a
comprehensive link between female calling behaviour, realised pheromone titre and the
functional male preferences for these traits. While the effect of female age on calling and
pheromone titre has been established in a variety of moth species (Fiaboe et al., 2003; Jacas
& Pefia, 2002; Kanno, 1979; Lu etal., 2017; Mason & Johnson, 1989; Nascimento et al., 2016;
Noldus & Potting, 1990; Webster & Cardré, 1982), the effect of these traits on functional male
mating preferences and behavioural responses is rarely considered (Gemeno & Haynes, 2002;
Johansson & Jones, 2007; Umbers et al., 2015). Previous studies have typically assumed that
the quantity of pheromone in the female’s gland reflects the quantity released into the
environment and thus detectable by the male. However, studies investigating both pheromone
gland titer and pheromone output showed that this is not always the case for moths.

| used the gumleaf skeletonizer Uraba lugens (Lepidoptera: Nolidae) to quantify the
effect of age on signalling and chemical communication. In this species, adults eclose during
late scotophase (dark period) or early in the morning (Campbell, 1962), and females
commence calling a few hours after the onset of scotophase, with calling frequency peaking
at seven hours after the onset of scotophase (Gibb et al., 2008). Adults typically live for five
to eight days, during which time females mate and oviposit, although the mating frequency of
this species has yet to be quantified. Most recently, several studies have explored the impact
of demographic cues on male investment in mate location (Johnson et al., 2017a, 2017b).
However, the factors affecting female investment into mate attraction are not known, despite
their obvious importance in shaping the mating biology of this species.

Here, | explored the impact of age on the variation in female calling behaviour and
male mating preferences. First, | quantified natural variation in female calling behaviour over
the major component of the female’s fertile period. I then examined the functional impact of
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this variation on male mating or mate-attraction preferences, by testing male olfactory
preferences for females of different ages.

MATERIALS AND METHODS

Insect Culturing

A stock laboratory population of U. lugens from eggs or first- to second-instar larvae collected
from Eucalyptus spp. trees in Royal Park, Melbourne, Victoria was established. This
population was cultured in an incubator under reverse-phase photoperiod 14L:10D light
conditions at 25°C and approximately 70% humidity. The juvenile stages were maintained
with 20 — 30 individuals in plastic containers (1 L) and fed with fresh, mature leaves of
Eucalyptus spp., which were replaced every two days. Pupae were sexed by size (male pupae
are smaller than female pupae), transferred to individual vials (40 x 60 mm, 120 ml) and
maintained under the same environmental conditions as larvae.

Mean female mating frequency

The mating frequency of female U. lugens is not known in the wild. In order to quantify the
mating frequency of this species under laboratory condition, 3-5 pairs of recently-eclosed
male and female moths were placed in a large mating container (9 L) and allowed to mate ad
libitum. I repeated this for a total of 30 containers. Each container held several small cuttings
of Eucalyptus spp. branches, which acted as a mating and oviposition substrate. Females were
removed from the container after several days, and then dissected in order to count the number
of spermatophores within the female’s bursa copulatrix. The female’s spermatheca (sperm
storage organ) was ruptured under the microscope to confirm that viable sperm had been
transferred. In total, 109 females, haphazardly selected from across the 30 mating containers,
were dissected to obtain an estimate of mean population mating frequency.

Age-dependent calling strategies of virgin females

| examined whether females adjust their investment in sex pheromone signalling by varying
the time of onset and/or duration of calling behaviour. Female U. lugens typically eclose
several hours before scotophase, and then commence calling shortly after their wings have
expanded and continue for several hours into scotophase. Calling is unambiguous in U. lugens
as the female adopts a posture that exposes her pheromone gland. Virgin females (n = 52),
eclosed from isolated pupae, were placed individually in clear plastic containers (40 x 60 mm,
120 ml) and were recorded for their calling behaviour for 10-hour of scotophase on four
consecutive days. | recorded on the hour, every hour over the 10-hour trial period, whether or
not females adopted a calling posture. The observations were made under a red-filtered light
to mimic the scotophase. | recorded, for each female, the time of each calling event, the
number of calling bouts (consecutive one-hour blocks of calling), and the total number of one-
hour blocks in which females were calling.

Male preference for pheromones from young or old females

The response of males of U. lugens to pheromones emitted by females of different ages was
assessed using a glass y-tube olfactometer (Fig. 1). Here, a standardized, continuous air flow
was introduced at the end of each arm of the y-maze, passing over the females and on to the
receiving male. A single ‘young’ (< 36 hrs post eclosion) female was placed in one arm and a
single ‘old’ female (3 - 4 days post eclosion) was placed in the other arm and left to acclimate
for one hour. After both females commenced calling, a “young’ (< 36 hrs post eclosion) virgin
male was introduced into the central arm of the y-maze, and was deemed to have responded
when he either walked or flew toward the airflow, travelling at least 5 cm into one of the arms
of the y-maze and remaining there for more than 1 min. If males did not make any movement
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after 30 mins or moved into an arm of the y-maze in less than 10 seconds (indicative of random
male movement due to being placed in the olfactometer, rather than an active choice) they
were excluded from further analysis and replaced with another male. Males were given 60 min
to make a choice, and males that did not make a choice during this period were excluded from
the analysis. Each of the male moths was used once only, and pairs of females were used for
two trials only (with females never occupying the same arm of the olfactometer). Pairs of
females were re-used on the same day, and then discarded. The olfactometer apparatus was
washed with water and dried after each trial, and the position of the young and old females
was rotated each trial to remove positional effects. The trials were conducted during the
middle of the scotophase, when moths are most active (personal observation).

Air input Air input

Point of
choice

Point of
release

Figure 1. Schematic of the y-maze apparatus used to as
male preferences for sex pheromones from young and
females.

| conducted a second experiment to determine if male preference for young or old females is
driven by quantitative or qualitative differences in female sex-pheromones production. Here,
| followed the same methodology as above, but subjected males to four treatments that varied
both the number and age of females that were placed in each of the arms of the y-maze
olfactometer: one young vs two young females (n = 24); one old vs two old females (n = 21);
one young vs two old females (n = 23); and two young vs one old female (n = 17). Each male
moth was used once only, and pairs of treatment females were used for two trials only (again,
females never occupied the same arm of the olfactometer). Male preference behaviours were
recorded, as in the previous experiment.

Statistical Analysis

All the statistical analyses were conducted in R studio, version 3.5.2 (R_Core_Team, 2018).
For my analyses of virgin female calling behaviour, I excluded from the data set females who
did not survive the four consecutive scotophase observation periods (n = 12). I also excluded
females that eclosed > 5 hours after the onset of the first scotophase (n = 4), to ensure females
were of comparable age. In total, 39 females were used in the analysis.

RESULTS
Mean female mating frequency
The mating frequency of U. lugens moths in the laboratory condition was low, only 20 females
of the 109 dissected having mated (18.34%). Of the 20 females that mated, the mean number
+ standard error of spermatophores present was 1.15 + 0.08.
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Age-dependent calling strategies of virgin females

Investment in calling behaviour varied with both period of scotophase and female age. The
proportion of calling females of any age increased during the scotophase, peaked at around 6
hours and declined sharply, with no females calling after 10 hours (Fig. 2).
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Figure 2. The mean proportion of virgin females calling (n = 3¢
different ages (days) over the 10 hours scotophase

The likelihood of a female calling on any given day was affected by her age ([12 = 43.56, p <
0.001; Fig. 3). The percentage of one-day-old calling females was significantly higher than
two and three-day-old calling females (2 = 7.69, p = 0.005) and significantly higher than
four-day-old calling females (0J? = 34.67, p < 0.001). The percentage of two and three-day-
old calling females was significantly higher than four-day-old calling females (12 = 15.47, p
< 0.001).

1.0+

+

(o))

£ 0 ot

8

[%]

< 06+

£

s T

S 0.4+

§ L

S 0.2

o

a

0.0 T T T T
1 2 3 4
Age (days)
Figure 3. The proportion of female calling (+SE) (n = 39) at diffe

ages (days).

The latency until calling within each scotophase (raised to the exponent 1.8) was affected by
female age ([J2=62.32, p < 0.001). Post-hoc tests revealed that two and three-day-old females
commenced calling significantly earlier in the scotophase than one-day-old females (p <
0.001). However, four-day-old females commenced calling later than three-day-old females
(p =0.015) (Fig. 4).
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Figure 4. The median (and interquartile range) of latency to calling
females (n = 39) of different ages (days).

The proportion of the scotophase spent calling (raised to the exponent 0 .92) by females was
significantly affected by female age ([J? = 50.14, p < 0.001). Post-hoc tests reveal that the
proportion of time spent calling by three-day-old females was shorter than one-day-old
females (p = 0.02) and four-day-old females was significantly shorter than younger females
(p <0.001) (Fig. 5).
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Figure 5. The median (and interquartile range) proportion of time
calling by females (n = 39) at different ages (day).

Finally, female adult longevity was not affected by the total proportion of time she spent
calling (Fy25 = 0.00, p = 0.96) or her body size (F125 = 0.49, p = 0.49). A non-significant
interaction between time spent calling and body size was removed from the final model.

Male preferences for pheromones from young or old females

Male preferences for females of different ages and in different numbers are given in Fig. 6.
Twenty-seven males (from 32 trials) made a successful choice between one young and one
old female and showed a strong preference for pheromones emitted from young rather than
old females (young = 23; old = 4; (11 = 13.37, p = 0.0003; Fig. 6). Seventeen males (from 22
trials) made a successful choice between two young females and one old female, and showed
a strong preference for pheromones emitted from two young rather than one old female (two
young = 15; one old = 2; [191=9.94, p = 0.002; Fig. 6). Of the 27 trials involving a choice
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between one young and two young females, 24 males made a successful choice but showed
no preference for either set of females (one young = 12; two young = 12; (1% =0.00, p = 1.00;
Fig. 6). Similarly, 21 males a successful choice (out of 25 trials) between one old female or
two old females but showed no preference for either set of females (one old = 7; two old = 14;
[12, = 2.33, p = 0.13; Fig. 6). Finally, 23 males made a successful choice (out of 30 trials)
between one young or two old females but showed no preference for either set of females (one
young = 14; two old = 9, (1?1 = 1.09, p = 0.30; Fig. 6).
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Figure 6. The proportion of males choosing between young (Y) or old (O) females, when fem
were present in different numbers (1 or 2). Asterisks indicate significant differences in n
preferences (* =< 0.05; ** < 0.001).

| analysed the above male preference data to examine whether males exhibited a preference
for female number per se, by comparing the data from trials where males chose between one
young vs two young females and one old vs two old females. | also analysed whether males
exhibited a preference for young females, per se, by comparing the data from trials where
males chose between one young vs two old females and one old vs two young females. Males
significantly prefer young females, regardless of the number of females of either treatment
present (young females, n = 53; old females, n = 15; (1% = 20.43, p < 0.001). Males did not
prefer the pheromone from multiple females compared with single females, regardless of their
age (one female, n = 50; two females, n = 35; %= 2.65, p = 0.10).

DISCUSSION
My data revealed that the calling behaviour of females of U. lugens varies with their age. The
likelihood of calling was highest in one-day-old females and significantly reduced as females
aged. | also found that older females called earlier in the scotophase, but for a shorter duration
than younger females. Male olfactory preferences were also shaped by female age; with males
exhibiting a strong preference for the pheromone from young females compared with older
females. Together, these data reveal that females of U. lugens can adjust their behavioural
investment into mate attraction, and that the qualitative and/or quantitative changes in female

pheromone titer has implications for male mate choice.
Investment into pheromone production is multi-faceted, and can be reflected in 1) the
likelihood of a female commencing calling, 2) the duration of calling, 3) the timing of the
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onset of calling, and 4) the quantity and/or concentration of the pheromone plume. These
patterns appear to be species-specific, and investment into these relative components of
pheromone output may trade-off against each other (Umbers et al., 2015). The inter-specific
patterns of when females commence calling are shaped by female life-history. For long-lived
species, females typically commence calling several days after eclosion (as they reach
reproductive maturity (Kanno, 1979), and the likelihood of females calling gradually
increases, peaking in the middle of their adult lifespan, and reducing sharply with old age
(Nascimento et al., 2016; Noldus & Potting, 1990; Turgeon & McNeil, 1982). However,
signalling investment for short-lived species may be different, especially those species in
which adults do not feed. These moths tend to start calling on the first day of emergence, with
the proportion of females calling initially very high, and then reducing with age (Fiaboe et al.,
2003; Webster & Cardre, 1982). The low calling frequency of old females, such as in U.
lugens, might reflect biochemical limitations of pheromone synthesis within her gland, the
physiological limitations of old females to commence calling behaviour (Delisle & Royer,
1994; Mazor & Dunkelblum, 2005; Webster & Cardré, 1982) or simply physiological
senescence (Foster & Johnson, 2011). Adult female U. lugens do not feed as adults so the
available nutrients are fixed following eclosion, and must support a short adult lifespan (6-8
days). The fecundity of U. lugens is high (Farr, 2002), suggesting that most resources are
directed to investment in eggs, perhaps at the expense of signalling.

Contrary to theoretical models and empirical studies (Umbers et al 2015), the calling
investment of female U. lugens decreased significantly with age, and was lower even in three-
day-old females. Umbers et al (2015) documented that most studies (23 of 32) of moth calling
behaviour report that female calling increased with age. For example, female rice stem borer
moths, Chilo suppressalis, increased their calling duration and length of calling bouts as they
aged (Kanno, 1979). Why do females of U. lugens not conform to this pattern? Reduced
calling with age is not uncommon in moths: a comparable reduction in time spent calling has
been recorded in the cabbage looper moth, Trichoplusia ni, (Bjostad et al., 1980), and the pink
stem borer, Sesamia calamistis (Fiaboe et al., 2003), while in other species the time spent
calling did not covary with female age (Jacas & Pefia, 2002; Nascimento et al., 2016). Clearly,
caution must be used when making generalisations about signal investment and age. Indeed,
most of the studies reported by Umbers et al. (2005) did not observe female calling behaviour
over her entire adult life span, but rather was confined to several days post eclosion. It is
therefore possible that the observed increase in signalling effort with female age relates to a
specific stage in her lifespan. It is possible that there are limited resources available for
pheromone production in U. lugens, perhaps reflected in the cessation of pheromone
production and release following mating. The cost of signalling is predicted to be greater for
individuals in poorer condition (Johansson & Jones, 2007; Kotiaho, 2001a) or older females
in species in which adults do not feed, such as U. lugens. Small females of the European
grapevine moth, Lobesia botrana, that call more frequently lay fewer eggs than small females
that call less frequently (Harari et al., 2011), and a reduction in calling with age in U. lugens
may reflect a similar trade-off with fecundity.

Many studies show that older females tend to commence releasing pheromone earlier
in the scotophase than younger females, regardless of their mating system (Nascimento et al.,
2016; Noldus & Potting, 1990). This change in the latency to call in each scotophase might
allow older females to avoid competition with younger females, whose pheromone may be
more attractive to males. Fromhage et al. (2016) suggested that selection may favour earlier
female receptivity in order to extend the “mating window” and thereby increase their
encounter rates with males, who are able to commence searching for a mate earlier in the
scotophase. It can take several hours for newly-eclosed female U. lugens to be physiologically
mature for calling. There are likely to be more searching males at the commencement of the
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scotophase because copulation can take up to four hours (personal observation) and thus males
can typically mate only once per day. Furthermore, male U. lugens are likely to be polygynous,
given that females can mate multiply and live from 8-13 days (personal observation), and so
males that mate early in the scotophase have more time to replenish their sperm supply for the
next copulation (Fromhage et al., 2016). Thus, older, virgin females that call earlier may
decrease the likelihood of reproductive failure (Delisle, 1995; Mazor & Dunkelblum, 2005;
Turgeon & McNeil, 1982; Webster & Cardré, 1982).

The changes in female calling behaviour are reflected in male olfactory preferences
for odours from females of different ages. Males prefer the odour of younger females,
suggesting that the quality or quantity of the pheromones emitted by different-aged females
can be distinguished by the receiver. The benefits to males of detecting and preferring younger
females is clear: young females have a greater residual reproductive value (Xu & Wang,
2009), given the correlation between female age and female fecundity and fertility rates
(Foster & Howard, 1999). Furthermore, younger females are more likely to be virgin (Delisle,
1995) and so males can avoid a lower fertilisation rate through sperm competition by avoiding
mating with older females.

What do male preferences for pheromones of females of different age and quantity tell
us about age-dependent pheromone composition in this species? Theory predicts that younger
virgin females should release a lower pheromone concentration compared with older females
(Umbers et al., 2015; Webster & Cardré, 1982). This can reduce nutrient expenditure
associated with behavioural and chemical components of pheromone production, but may also
be an example of indirect female choice for males with the most sensitive antennae (Elgar et
al., 2018; Johnson et al., 2017b). Indeed, males did not prefer the pheromones produced from
multiple females over that of individual females (irrespective of female age), suggesting that
pheromone concentration is not necessarily important for mate choice, although it appears to
be for mate detection (Johnson et al. 2017b). Rather, females clearly preferred the pheromones
produced by young over old females. This suggests that the pheromones emitted by young
and old females are qualitatively different, perhaps comprising different ratios of their
chemical components. This could occur if females cease producing some pheromone
components that are important for mate attraction as they age. Clearly, a quantitative analysis
of the main pheromone components of female U. lugens as they age is required to elucidate
the precise mechanism for the changes in female pheromonal attractiveness. Unfortunately,
this is beyond the scope of this current investigation.

Taken together, the decline in female calling investment with age, and the clear male
preference for younger females, suggest that the earlier onset of calling for older females may
be a strategy to increase the likelihood of virgin females attracting a mate, especially if there
is local female: female competition for arriving males. The outcome of the male olfactory
preference trials revealed that older females are likely losers in the game of signalling
competition. Earlier calling of older females may be an adaptive strategy to reduce the risk of
reproductive failure (Rhainds, 2010, 2019), without altering the quality of their pheromone
output, which typically declines with age in female moths. These results are consistent with
the view that female pheromones are honest signals of female quality (Harari et al., 2011;
Johansson & Jones, 2007), and further emphasize the role of sex pheromones in mate
assessment.
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TOM TAT

Nghién cu nham danh gia hiéu wng chiéu xa tia gamma ngudn ddi véi mot sé mau
gidng lta dia phuong va nhap noi. Thi nghiém dugc b tri véi 3 liéu lugng (200 Gy, 300
Gy, 400 Gy) dé xir Iy cho 3 mau giong lda (46 am 12%). Két qua danh gia cho thiy & thé he
My, ti I& nay mam va ti 1é séng sot ciia cac mau gidng lta déu giam khi tang lidu luong chiéu
xa. Thoi gian sinh truong ngan, thap cay, 1a dong dung, dé nhanh khé, xuat hién véi tan suit
dot bién cao & liéu luong chiéu xa 200Gy, 300Gy trén mau giéng IGa nhap noi NN1, NN3 &
thé hé Mo. Dot bién xuat hién véi tan suét rat thap khi chiéu xa giéng lta dia phuong Khau
Mang. Chon loc tai thé hé M3 & liéu luong 200Gy va 300Gy trén mau giéng lda nhap noi
NN1 va NN3 thu dugc mot sé dong trién vong cé thoi gian sinh trudng ngan, thap cay, 14
dong dung va dé nhanh kha. Nhu vay, khi chiéu tia gamma Co® vai liéu lugng chiéu xa 200-
300Gy trén hat IGa kho c6 thé cai tao mot s6 dic diém ndng hoc nhu thoi gian sinh truong,
chiéu cao cay, kiéu 1a dong, kha ning dé nhanh cua hai giéng lia nhap noi NN1, NN3.

Tir khda: Mau giéng Ga nhap noi, mau giéng lta dia phuong, dot bién, hiéu ung chiéu
Xa, tia gamma Co®,

Effects of Gamma Co® Irradiation for Some Local and Imported Rice Varieties

ABSTRACT

This study was carried out to effects of gamma ray irradiation of irradiation Co®’ source
for some local and imported rice accessions. This experiment was designed  with 3 dose (200
Gy, 300 Gy and 400 Gy) on the mutagenesis of three rice (12% seed humidity). At generation
M1, the results showed that the seed germination and survival percentage of all rice accessions
decreased with the increase of the irradiation doses. Mutated plants with shorter growth
duration, lower plant height, more upright flat leaves appeared, greater tillering capacity with
high mutation frequency at irradiation dose of 200 Gy, 300 Gy for imported rice varieties
NN1, NN3 in the M2 generation. The mutation appeared with very low frequency when
irradiating the local rice variety Khau Mang. Selection on M3 generation of 200 Gy and 300
Gy irradiation treated varieties NN1 and NN3 picked up some promising rice lines with short
growth duration, short plant height, more upright flat leaves appeared and high tillering
capacity. To sum up, gamma Co® irradiation at 200 Gy and 300 Gy dose on dried seeds could
renovated some agronomic traits such as growth duration, plant height, flag leaf morphology
and tillering capacity on two imported rice varieties NN1 and NN3.
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Keywords: imported rice varieties, local rice varieties, mutation, irradiation effects,
gamma rays Co®°.

1. PAT VAN PE

Théng ké ctia FAO/IAEA, dén nam 2015, trén thé giéi gidng cdy trong dugc chon tao
thong qua dot bién 1a 3281 gidng trong do co 1600 gidng duoc chon tao nhd chiéu xa tia
gamma (Nakagawa & Kato, 2017). Gibng lua méi tao ra bang phuong phap dot bién duoc
mg dung & nhiéu nudc trén thé giéi nhu: Viét Nam, Thai Lan, Trung Qudc va Hoa Ky
(Yusuff & cs., 2016). Hién nay, ap luc chon loc cao ing dung trong chon tao gidng lua da
lam giam sy da dang di truyén. Tuy nhién, dé dat duoc murc d6 thanh cong cao trong chon
tao gidng lta méi doi hoi cac nha tao gidng ting mirc d6 da dang di truyén ctia ngudn vat
liéu. Nhu vay, viéc gia tang bién di théng qua dot bién 13 cong cu quan trong trong cai tién
gidng lua (Viana & cs., 2019).

Tran Duy Quy & cs. (2009) cho ring hiéu qua gay dot bién khong chi phu thudc vao
thoi diém va lidu luong xt 1y ma con phu thude vao ban chét cua vat liéu mang xu ly. Co
nhirng vat liéu bén viing kho xay ra dot bién nhu glong hoang dai, gidng cb truyén, nguoc
lai co nhu'ng vat liéu kém 6n dinh, dé xay ra dot blen (gidng cai tién, dang lai,...). Hon nira,
chon giéng dot bién tao ra sy da dang vé di truyén cua vat lidu khoi dau nhanh va hiéu qua,
chi 1am thay d6i mot hodc mot vai tinh trang ma khong 1am anh hudng toi nhiing tinh trang
khac cua cay trong. Pong quan diém, Shua & cs. (2012), dot bién thuc nghiém c6 thé lam
xuat hién mot dic tinh hoan toan mo1 mét cach tire thot tur glong da c6 ma khong lam anh
huéng dén cac dic tinh khéac cua gidng. Chinh vi vay, dot bién thuc nghiém dang duoc ap
dung rong rai trong chon tao glong cay trong bang xtr Iy tac nhan vat 1y va héa hoc.

Theo Rani & cs. (2016), dé bat dau mot chuong trinh chon giong dot bién, viéc dau
tién phai xac dinh liéu luong chiéu xa hiéu qua. Két qua nghién ctru cta tac gia cho thiy
lidu luong gay chét (LD50) ddi v6i gidng lua dia phuong (Ashfal) 1a 241 Gy va giéng lha
cai tién (Binadhan-14) la 353Gy. Boceng & cs. (2016), su dung phuong phap dot bién phéng
xa dé cai tao giong lua dia phuong (Ase Banda) theo hudng rat ngan thoi gian sinh truong,
nang suit cao véi hai liéu lrgng 200Gy va 300Gy. Két qua cua nghién ctru cho thay gibng
moi tao ra ¢6 chiéu cao ciy thap hon, thoi gian sinh truéng ngin hon gidng ddi chung.

Niam 2017 chiing toi da tién hanh xur 1y d6t bién phong xa tia gamma (ngudén Co®) Ién
hat kho ctia ba mau giéng lua, trong d6 c6 01 mau giong dia phwong (Khau Mang) va 02
mau gidng nhép n6i (NN1, NN3) v6i muyc dich danh gia dugc tac dong gay dot bién ciia tia
gamma (ngudn Co60) xac dinh liéu luong chiéu xa phu hop dé tao ra nhimng bién doi di
truyén va chon loc duoc cac dong lua cé thoi gian sinh trudng ngin, thip ciy, ning suit
cao, chit lugng tot.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciru

St dung 3 méu giong lua & trang thai hat kho (d6 am 12%) dé xt ly dot bién bang
chiéu xa tia gamma (nguon Co60)

Gibng lta Khau Mang (gidng lua dia phuong thu thap tai tinh Ha Giang) c6 thoi gian
sinh truong dai (165 - 170 ngay trong vu Xuén; 140 - 145 ngay trong vu Mua). Nang suét
khodng 52,0 ta/ha (vu Xuan) va 48,0 ta’ha (vu Mua). Gibng cting cay, chéng chiu kha véi
cac loai sau bénh hai. Giéng co hat gao to, dai, com mém, déo, ddm, thom.

- MAu gidng lta NN1 (nhap noi tir Trung Qudc) c6 thoi gian sinh truong trung ngay
(145 - 150 ngay trong vu Xuén, 120 - 125 ngay trong vu Mua). Nang suét 'khoang 58,0 ta/ha
(vu Xuan) va 51,0 ta/ha (vu Mua). Mau gidng ¢ ban 14 to, dai, mém, yéu cdy. Mau gidng
c6 hat gao dai, trong, com mém, déo, ddm, thom.

- Miu giéng laa NN3 (nhdp ndi tir Mo-dam-bich) co c6 thoi gian sinh trudng ngin
(130 - 135 ngay trong vu Xuan, 105 - 110 ngay trong vu Mtuia). Ning suat khoang 50,0 ta/ha
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(vu Xuan) va 45,0 ta/ha (vu Mua). Mau giéng c6 ban 14 to, dai, rnem yéu cay, cay cao trung
binh khoang 155,0 cm. Mau gidng c6 hat gao to, dai, trong, com mém, déo, dam, thom.
2.2. Phuong phap nghién ciru

- Str dyng 1000 hat/mau giéng c6 d6 thuan cao (diém 1) va d6 4m 12% dé xir 1y dot
bién. T4c nhan giy dot bién la tia gamma (ngudn Co®) véi lidu lwong chiéu xa lan luot 13
200, 300 va 400Gy. Dia diém chiéu xa tai Trung tm chiéu xa Ha Nai.

- Céc thi nghiém duoc trién khai tai Vién Cay luong thuc va Cay thuc pham, x& Lién
Hong, thanh phé Hai Duong, tinh Hai Duong trong vu Xuan 2017, Miia 2017 va Xuén 2018.
Thé hé M dugc gieo Cay trong nha lu¢i; M2 va M3 gieo cay tai khu thi nghiém dong ruong
cta Vién. O mdi thé hé déu gieo cidy mau gidng goc khong xtr 1y dot blen de lam d6i chung.

- Thé hé M, (6 vu Xuén 2017) dugc gieo cdy riéng ré theo mau gidng va lidu lugng
xtr ly dot bién. Ma gieo ngay 05/01/2017 (sau xtr Iy 03 ngay), cdy khi ma dat 5,5 - 6,0 14,
mat d6 cdy 25 khom/m?, cdy 1 danh/khom, bon phan véi lugng 12 gam N + 90 gam P,0s+
100 gam K0/1 m*. Theo ddi ty 1¢ sdng sot qua cac giai doan: ma, dé nhanh va trd - chin. Khi
thu hoach, chon ngau nhién 200 ca thé, mdi ca thé thu 25 - 30 hat/bong chinh, hdn lai dé
gieo cay ¢ thé hé Ma.

- Thé hé M2 (vu Mua 2017): gieo cdy toan bd lugng hat hdn thu & thé hé M; (gieo
ngay 25/6/2017), céy khi ma dat 16 ngay tudi, mat d6 25 khom/m?2, 1 danh/khém, bon phan
vé6i lugng 120 kg N + 90 kg P20s+100 kg K20/ha. Theo ddi tan xuat xuat hién dot bién diép
Iyc va hinh thai, néng hoc c6 ¥ nghia trong chon gidng. Khi thu hoach, chon cd thé c6 thoi
gian sinh truong ngan (100-110 ngay), thap cay (90-110 cm), bong dai (> 25,0 cm), hat xép
sit.

- Thé hé M3 (¢ vu Xuan 2018): mdi cé thé thu dugc & thé hé My gieo ciy thanh ting
dong riéng biét tai thé hé Ms. Gieo ngay 05/1/2018, cay khi ma dat 5,5 - 6,0 14, mat do 25
khom/m?, 1 danh/khém, bon phan véi lugng 120 kg N + 90 kg P20s+100 kg Kz0/ha. Xac
dinh pham vi bién dong cia cac dang dot bién. Khi thu hoach, chon cé thé ¢ thoi gian sinh
truong ngan (100-110 ngay), thap cay (90-110 cm), dac diém hinh khéc so vai gidng gdc,
bong dai (> 25,0 cm), hat xép sit.

- Cac thi nghiém duogc b tri theo phuong phap cua Gomez K.A & A.A. Gomez (1984).
Panh gia dic diém nong sinh hoc va c4c yéu td ciu thanh ning suat theo hé thng tiéu chuan
danh gia ngudn gen cay lta (IRRI, 2002). Chon loc c4 thé tir quan thé My theo phuong phap
chon loc pha hé (George Acquaah, 2007).

-Tan suét dot bién dugc xac dinh bang ty 1é giita s6 ca thé mang dot bién véi tong sb ca thé
trong 16 con sdng dén giai doan do (tinh theo %).

% = i 100
n

f %(100 — f %)

n

Trong d6: f- S6 thé dot bién trong 16; n- Tong sb ca thé trong 16

- S6 lidu thi nghiém dugc tinh toan bang chuong trinh Excel va xir Iy thong ké ANOVA
bang phan mém IRRISTAT 5.0.
3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Két qua danh gia anh huwong cia liéu lwong chiéu xa tia gamma (ngudn Co®) 1én céc
miu glong lua & thé hé My

O giai doan ma, ty 1€ nay mam cua cac miu giéng lta giam dan khi tang liéu luong
chiéu xa. L1eu luong chiéu xa 200Gy, 300Gy va 400Gy, ty 1€ nay mam giam dan lan lugt:
d6i véi giong Khau Mang 13 90,8%, 90,1%, 87,6% va mau giéng goc 1a 92,3%; d6i véi mau
gidng NN 13 90,5%, 90,1%, 86,8% va m3u giéng gbc 1 94,4%; dbi vai mAu giéng NN3 14
89,8%, 89,1%, 85,6% va mau giong gbc 1a 93,6%. Két qua nay pht hop véi cac cong bd cia
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Wijesena & cs. (2019), Rajarajan & cs. (2016) va Gowthami &cs. (2016) do 1a khi tang liéu
luong chiéu xa lam giam ty 18 > ndy mam cua hat.
Bang 1. T I¢ nay mam, ty 1¢ song sot va ty 1€ lep & thé h¢ M khi chiéu xa
tia gamma (Co®) 1én cac miu gidng laa trong vu Xuin nim 2017
Pon vi tinh: %

Tén Licu Giai doan ma Giai doan | Giai doan tr0 - chin
mau giéng | luong nhanh
(Gray) | Ty 16 nay maj Ty 18 song so| Ty 1é song s6| Ty 1é song so| Ty 1¢ hat 1ép

0 (gbc) 92,3+0,02 |90,2+0,05 |89,5+0,06 |88,1+0,05 |12,2+0,11

Khéu Mang 200Gy ]90,8+1,32 |89,7+1,03 |882+1,01 |87,0+0,71 |304+1,27
300Gy [90,1+144 |885+1,15 |87,8+1,32 |853+1,11 |41,5+1,61
400Gy |87,6+1,52 |83,8+1,06 |82,1+0,51 |81,4+0,37 |60,8+1,73
0 (g6¢) 94,4+0,03 |93,5+0,02 |[929+0,04 | 91,1 +0,03 |10,5+0,12

NN 200Gy 190,5+1,12 | 88,6+0,87 |87,6+091 |86,9+0,58 |355+1,46
300Gy 90,1152 |873+1,01 |865=+1,12 |851+0,34 |46,8+1,82
400Gy |86,8+1,31 |82,6+1,32 |80,7+1,48 |79,8+0,13 | 66,7+ 1,63
0 (g6¢) 93,6 0,07 |91,3+0,09 |90,5+0,01 |89,5+0,05 | 11,2+0,13

NN3 200Gy | 89,8+1,55 |852+1,16 |84,1+0,82 |83,5+0,23 | 38,6+ 1,41
300Gy [89,1+1,34 |850+1,07 |84,0+091 |834+0,24 |52,7+1,39
400Gy |85,6+1,62 |80,3+092 |79,1+1,01 |78,6+£0,38 |63,5+145

Ty 18 sdng sot cua cac mau gidng lua giam dan theo cac giai doan sinh trudng (giai
doan ma, giai doan d¢ nhanh va giai doan trd - chin) va khi tang liéu lugng chiéu xa. Tuy
nhién, mirc d6 giam ty 1¢ séng sot khong 10n, bién dong tir 3 - 5%. Diéu nay cho thiy hiéu
qua tac dong cua phong xa tia gamma ngu(‘)n Co60 keo dai trong sudt qua trinh sinh truéng
ctia cay laa. Cung liéu chiéu xa, ty 1€ song sot cua cac mau giéng khac nhau, diéu nay cho
thdy anh hudng cta liéu luong chiéu xa 1én cac mau gidng khac nhau 1a khac nhau. Két qua
nay phu hop véi nghién ciru cua Rani & cs. (2016) khi tac gia da su dung 1 giéng lua dia
phuong (Ashfal) va mot gidng cai tién (Binadhan-14) dé chiéu xa. Két qua cho thay ty 18
nay mam, ty ¢ song sot cua ca 2 giéng déu giam dan khi tang liéu luong chiéu xa tia gamma.

Refaee & cs. (2017) tién hanh xtr 1y d6t bién tia gamma trén giong lua Ai cap SakhalOl
v6i 4 lidu luong 1an luot 13 100, 200, 300 va 400 Gy cho thay ¢ tat ca cac lidu lugng xir 1y
déu lam tang ty 1€ hat lep ¢ thé hé M. Két qua theo ddi MI tai bang 1 cho thay ty 1¢ 1ép ciia
cic mau giong lua khac nhau, déu cao hon so vdi cac mau giéng gbc va ty 18 thudn vai lidu
lugng chiéu xa. Ty 1¢ 1ép cua cic mau giéng lha 1an lugt theo cac lidu lugng chiéu xa 200
Gy, 300 Gy, 400 Gy nhu sau: Khau Mang: 30,4; 41,5; 60,8% (mau giong gbc: 12,2%); NN1
35,5; 46,8; 66,7% (mau gidng goc 10 ,5%); NN3 38,6; 52,7; 63,5 % (mau giong goc 11,2%).
Theo Cheema & Atta (2003) khi chiéu xa tia gamma lam ting s6 luong hat bat duc nhiéu
hon so v&i tdc dong cua moi truong. Phan 16n hat bi bat duc 1a do khi chiéu xa tia gamma
anh huong dén sinh 1y cta hat nén khong di truyén cho thé hé M,.

3.2. Két qua danh gia hiéu ing chiéu tia gamma (ngudn Co%) 1én cac miu gidng lia &
thé h¢ M2

Theo Rajarajan & cs. (2014) viéc tang lidu luong chat gay dot bién khong lam tang | tan
suat cua dot bién di¢p luc. Qua bang 2 cho thiy tan suat dot blen diép luc cua cac mau glong
lia khac nhau va bién dong theo cac lidu 1 luong chiéu xa. O mau giéng Khau Mang co tan suat
dot bién diép luc thap nhét so v6i hai miu gidng con lai, 1an luot theo cac liéu luong chiéu xa
200 Gy, 300 Gy va 400 Gy la 0,04; 0,04 va 0,08; mau giéng NN1 12 0,81; 0,65 va 1,16; mau
gidong NN3 13 0,55; 1,05 va 1,46.

Bang 2. Tan suit dgt bién ¢ thé hé¢ M2 ciia cac miu giong lua
trong vu Mua nam 2017
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n 2 2 | er Z Trong d6 phan ra
Ten iy Tongsocaj Tansuat e rormy = Dot bidn inh thi
mau lugng (Gray) nghién cty dot bien dot bién diép | ., ; ;
giong ; M chung (%) (% ) " | Tan suat (%) | SO loai
0 (gbc) 992 |0,00+0,00 | 0,00+0,00 0,00 £+ 0,00 0
Khéu 200 Gy 4892 | 0,16 £0,02 | 0,04 +0,01 0,12+0,03 5
Mang 300 Gy 4886 | 0,18+0,03 | 0,04+0,03 0,14 £ 0,02 5
400 Gy 4876 | 0,26 £0,02 | 0,08 £0,02 0,18 £ 0,04 6
0 (gbc) 985 | 0,00+0,00 | 0,00+0,00 0,00 + 0,00 0
NN 200 Gy 4937 | 5,18+ 0,26 | 0,81 +0,41 4,37+ 0,42 22
300 Gy 4893 | 7,23 £ 0,51 1,65+ 0,55 5,58 £0,51 18
400 Gy 4851 | 6,15+ 0,42 1,16 £ 0,62 4,99+ 0,30 14
0 (goc) 988 | 0,00 +0,00 | 0,00+0,00 0,00 £+ 0,00 0
NN3 200 Gy 4895 (437+034 |0,55+0,38 3,82+ 0,29 15
300 Gy 4927 | 5,88 £ 0,47 1,05+0,43 4,83 + 0,46 18
400 Gy 4863 | 6,95+ 0,58 1,46 £ 0,49 5,49 + 0,56 14

Két qua trinh bay & bang 2 cho thay tan suat dot bién hinh thai cao hon tan suat dot bien
diép lyc & tat ca cac mau giong. Mau giong Khau Mang co tan suat dot blen hinh thai, s6 loai
dot bién hinh thai thu dugc déu thap hon 2 mau giong NN1, NN3. Tan suit dot bién hinh thai
clia cac mau gioéng lan luot theo cac lidu lugng chiéu xa 200 Gy, 300 Gy, 400 Gy la: Khau
Mang 13 0,12; 0,14 va 0,18; mau gidong NN1 1a 4,37; 4,99 va 5,58; mau giong NN3 3,82; 4,83
va 5,49.

Céc loai hinh thai nhu dang cao ciy, thip cdy, thoi gian sinh truong ngan ngay, dai ngay,
la dong dung, la dong ngang, kha nidng d¢é nhanh... da dugc thu hoach, phan lap, chon loc
nhimg ca thé phu hop v6i muc tiéu nghién ciru, nhiing ca thé mang nhitng dic tinh quy lam
ngudn vat liéu khoi dau phuc vu cho cong tac chon tao gidng m01

Bang 3. Tén suiat dot bién thoi gian sinh truéng ngin ngay, thip ciy
6 thé hé M2 ciia cic miu giong lia trong vu Muia nim 2017

Tén A Thoi g1an sinh truorng ngan ngay Thap cay
mau %éelilugng Tong s6| SO thé | Tan sudt Tong s0| SO thé Tan suat
gibng | Y thé bién f%£m%o| thé bién %=m%%
Khéu 200 Gy 4892 1 0,02 £ 0,02 4892 0 |0,00£0,00
Mang 300 Gy 4886 1 0,02 £0,01 4886 0 |0,00=£0,00
400 Gy 4876 0 |0,00=£0,00 4876 0 |0,00=+0,00
200 Gy 4937 35 10,71+£0,13 4937 21 10,42 £0,07
NNI1 300 Gy 4893 26 | 0,53 +0,09 4893 15 10,31 £0,06
400 Gy 4851 11 |0,22+0,05 4851 12 | 0,25 +£0,09
200 Gy 4895 60 | 1,23+0,03 4895 3510,72+0,15
NN3 300 Gy 4927 67 |1,36£0,07 4927 30 | 0,61 £0,11
400 Gy 4863 43 |0, 88 +0, 05 4863 16 | 0,33 £0,05

Két qua trinh bay tai bang 3 cho thay tan suat xuat hién dot bién thoi gian sinh trudng
ngin ctia 3 mau giong la khac nhau va déu co tan suat cao O heu lugng 200 Gy va 300 Gy.
Khi liéu luong chleu xa tang thi tan suit xuat hién dot bién ngan ngay giam. Mau glong lua
Khau Mang xuat hién véi tan s6 dot bién thap nhat, lan luot theo cac heu luong chiéu xa
200 Gy, 300 Gy va 400 Gy 1a 0,02; 0,02 va 0,00. Mau glong loa NN1 xuét hién nhiéu ca thé
c6 thoi gian sinh trudong ngan hon so vOi mau giéng gbc, tan suat xuat hién cao & lidu lugng
200 Gy (0,71), 300 Gy (0,53). Mau gidng lua NN3 trude khi xir Iy ¢6 thoi gian sinh truong
ngan ngay, do do s6 lugng ca thé thu duoc c6 thoi gian sinh truéng ngan ngiy cao nhat, tan
sudt 1an luot theo cac liéu luong chiéu xa 200 Gy, 300 Gy va 400 Gy 1a 1,23; 1,36 va 0,88.
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Dot bién thap ciy co ¥ nghia trong chon gidng, thap ciy s& c6 kha nang chong d6 tét
hon. Céc gléng lba lun ¢6 kha nang tiép nhan phan bon cao hon, dé¢ nhanh khoe hon, chdng
chiu bénh t6t hon va chi s6 thu hoach cao hon so véi glong lba cao cdy (Liu Fang & cs.,
2018). bot blen thap cay khong xuét hién tai mau glong Khau Mang nhung ¢ hai mau gidng
NN1, NN3 xuat hién véi tan suat dot bién cao. Mau gidng NN1 ¢6 tan suét 1an lugt theo cac
lidu luong chiéu xa 200 Gy, 300 Gy va 400 Gy 1a 0,42; 0,31 va 0,25. Mau giébng NN3 1a
0,72; 0,61 va 0,33. Mau giéng NN3 tan suit dot bién thép ciy & lidu lugng 200 Gy cao nhét
dat 0,7.

Bang 4. Tan suit dot blen la dong ding, tang kha nang dé nhanh ¢ thé hé M ciia céc
mau giong lia trong vu Mua niam 2017

‘ La dong dung Tang kha nang d¢ nhanh

ks gid Twom Gy TONE 89| 86 thé | (o8 Téng s6| 6 thé | Tén ;
thé bién (%t m%,) thé bién (f%+m%,)
Khu 200 Gy 4892 2 10,04 +0,02 4892 0 |0,00+0,00
Mang 300 Gy 4886 0 {0,00£0,00 4886 0 1]0,00+0,00
400 Gy 4876 0 {0,00+0,00 4876 1 0,02 £0,02
200 Gy 4937 30 | 0,60=+0,11 4937 10 | 0,20+ 0,07
NNI1 300 Gy 4893 25 10,51+0,08 4893 9 0,18 +£0,09
400 Gy 4851 10 | 0,21 + 0,06 4851 0 |0,00=+0,00
200 Gy 4895 25 10,52+0,07 4895 36 [0,73+£0,14
NN3 300 Gy 4927 20 { 0,41 +0,02 4927 32 10,64+0,12
400 Gy 4863 15 10,31 +0,05 4863 9 10,18+0,09

Tan sudt dot bién 14 dong dung hau nhu khong xuét hién & mau gidng Khau Mang, chi
xudt hién tai liéu lugng 200 Gy véi tan xuat thap 0,04. Mau gidéng NN1, NN3 trudc khi xir Iy
c6 14 dong dai, ban 14 to, mém, 14 dong dang trung gian nira dimg va ngang (diém 3-5), sau
khi chiéu xa tia gamma xuat hién nhiéu c4 thé co 14 dong dung, ban 14 nho, tan suat dot bién
cao l1an luot theo cac lidu lwgng chiéu xa 200 Gy, 300 Gy va 400 Gy o NN1 13 0,6; 0,51 va
0,21; 6 NN3 1a 0,52; 0,41 va 0,31. Theo Kamaza (2015) kich thudc va hinh dang 1a dong duge
klem soat boi 5 gen OsHI1, OsH6, OsHI15, OsHI, OsH43 va OsH71. Su biéu hién qua mirc
ctia mot trong sb cac gen trén s¢ lam bién d6i kich thudc va hinh dang 14. Do d6 khi chiéu xa
tia gamma vao cac mau gidng da co sy anh huong dén hoat dong cuia 1 hodc vai gen noi trén
da lam thay do6i hinh dang 1a dong.

Tan suét ting kha niang dé nhanh cao nhat & mau gidng NN3 lan luot theo cac lidu
luong chiéu xa 200 Gy, 300 Gy va 400 Gy 13 0,73; 0,64 va 0,18. Mau gidéng NN1 khong xuat
hién & liéu lugng 400 Gy, tan suét ¢ liéu luong 200 Gy va 300 Gy 13 0,2 va 0,18. Mau giéng
Khau Mang chi xuat hién ¢ liéu luong 400 Gy véi tan xuét thap 0,02. Chiéu xa tia gamma vao
cac mau giong lha da tac dong va gdy ra nhimg bién ddi & gen MOC1 theo hudng ting cuong
chuc nang, lam tang kha nang dé nhanh o cac dot bién (Guo & cs., 2013).

Bang 5. Tan suit dot blen tang s0 hat/bong, ting s6 bong/khém & thé h¢ M

ciia cac miu giong lia trong vu Mua niim 2017

A Tang s6 hat/bong Tang s6 bong/khom
Te~n Lléu lu 5 . . 5 Té‘in 5 . . . \
m@u (Gray) Tong so S.(A)’ the Sudt Tong s6 Sf)’ thé | Tan
giong thé bién (tm¥%o) thé bién suat (f%+m%
Khid 200 Gy 4892 1 ]0,02+0,01 4892 0 |0,00+0,00
Mang 300 Gy 4886 2 10,04+0,02 4886 0 |0,00+0,00
400 Gy 4876 0 |0,00+0,00 4876 1 ]0,02+0,02

32




200 Gy 4937 5 10,10+0,06 4937 4 10,08 +0,06
NNI1 300 Gy 4893 6 |0,12+0,09 4893 4 10,08+0,09
400 Gy 4851 2 10,04 +0,07 4851 0 |[0,00=+0,00
200 Gy 4895 7 10,14+0,10 4895 35 10,72+0,10
NN3 | 300 Gy 4927 6 |0,12+0,09 4927 30 | 0,61 £0,09
400 Gy 4863 3 10,06+0,03 4863 8 10,16 +0,03

S6 liéu tai bang 5 cho théy khi chiéu xa tia gamma 1¢n cac mau giéng lGa, tan suat dot
blen ting sb hat/bong ¢ mirc thip, & mau gidng Khau mang tai lidu lugng 400 Gy khoéng
xuat hién c4 thé c6 sb hat/bong ting, & 2 heu luong 200 Gy va 300 Gy xuat hién voi tan suat
thap 0,02 va 0,04. Tuy nhién, ¢ hai mau glong NN1 va NN3 ¢6 tan suat xuat hién dot bién
vé ting sb hat/bong cao 1an luot theo cac lidu luong chiéu xa 200 Gy, 300 Gy, 400 Gy la
0,1;0,12va 0,04 6 NN1;0,14; 0,12 va 0,06 & NN3.

Chiéu xa tia gamma da lam tén suét xudt hién dot bién vé tinh trang sb bong/khom
bién dong kha 16n & cac mau giong khac nhau. P6i véi miu giéng laa NN3, tan suat dot
bién s6 bong/khém cao nhét 1an lugt theo cac liéu lugng chiéu xa 200 Gy, 300 Gy va 400
Gy 12 0,72; 0,61 va 0,16. Mau gidong Khau Mang chi xuat hién ¢ liéu lugng chiéu xa 400 Gy
v6i tan xudt thap 0,02. MAu giong NN1 chi xuét hién ¢ lidu luong chiéu xa 200 Gy va 300
Gy véi tan xuat 0,08.

Bang 6. Tan suit dot bién ting chiéu dai bong, chiéu dai hat & thé hé Mz ciia cac miu
gidng lua trong vu Mua nim 2017

Tang chiéu dai bong Tang chiéu dai hat
Tén | Licu Tan
mau | lugng Tong s6|S6 thé | sudt Tong sb| SO thé | Tan
gidng | (Gy) thé bién (f%+m%,) | thé bién sudt (f%+m%
200 Gy 4892 1 ]0,02+0,01 4892 0 |0,00=+0,00
Khau | 300 Gy 4886 2 10,04+0,03 4886 1 ]0,02+0,02
Mang | 400 Gy 4876 0 |0,00+0,00 4876 2 10,04+0,03
200 Gy 4937 4 10,12+0,11 4937 3 10,06+0,04
300 Gy 4893 4 10,08+0,06 4893 5 10,10+0,06
NNI | 400 Gy 4851 1 ]0,02+0,02 4851 2 10,04 +0,03
200 Gy 4895 5 10,10+0,09 4895 4 10,08+0,05
300 Gy 4927 4 10,08+0,07 4927 5 10,10+0,07
NN3 | 400 Gy 4863 1 ]0,02+0,02 4863 3 10,06+0,04

Chiéu dai bong phy thudc vao ban chat giong laa, anh hudng dén s6 hat/bong (Kumar
& cs., 2015). Theo Rachmawati & cs. (2019) khi chiéu xa tia gamma lén giong lua dia
phuong Mentik Susu thu dugc dong trién vong c6 chiéu dai bong dai hon giong goc Két
qua ¢ bang 6 cho thay tan suat xuét hién ting chleu dai bong ¢ cac mau gidng lta déu thap,
thap nhit tai mau gidng laa Khau Mang, chi xuat hién ¢ liéu lugng chiéu xa 200 Gy va 300
Gy lan luot 14 0,02 va 0,04. Hai miu gidng NN1 va NN3 ciing ¢ tan suat dot bién ting
chiéu dai bong thap lan luot 14 0,02 - 0,12 va 0,02 - 0,1.

Kich thudc hat quyét dinh khoi lugng hat, 1a mdt trong ba yéu t6 cAu thanh nén nang
suit (s6 bong/m?, sb hat chic/bong va khoi lugng hat). Kich thudce hat bao gf)m chléu dai,
chiéu rong va d¢ day hat (Fan & cs., 2000). Két qua ¢ bang 6 cho thay tan sudt xuat hién
tang chiéu dai hat & céac mau glong laa déu thap, thap nhat tai mau giong lua Khéu Mang
tang chiéu dai hat chi xuat hién & liéu lugng chiéu xa 300 Gy va 400 Gy lan luot 14 0,02 va
0,04. Hai mau giéng NN1, NN3 ciing c6 tan suat dot bién tang chiéu dai hat thap 1an luot 1a
0,04 - 0,1 va 0,06 —0,1.

Tir két qua danh gia hiu ung chiéu tia gamma (nguon C060) 1én cac mau giéng lua &
thé hé Ma cho thdy: Khi xtr 1y chiéu xa tia gamma ngudn Co® liéu luong 200 Gy, 300 Gy va
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400 Gy lén cac mau giéng lua & trang thai mau kho déu mang lai hi¢u tng dot bién cao.
Tinh trang vé thoi gian sinh truong ngan ngay, chiéu cao cay xuat hién véi tan suat dot bién
cao. Dot bién hinh thai & quan thé hai mau giong nhép ndi NN1, NN3 ¢ tan suit xuét hién
cao. O liéu lugng chiéu xa 200 Gy, 300 Gy xuat hién nhiéu bién di hinh thai c6 loi phu hop
v6i muc tiéu nghién ciru. Két qua danh gia quan thé dot bién & thé hé Mz véi su xuat hién
bién dij 16n tao thuén 1gi cho viéc chon loc & quan thé M3 cia cac mau glong NNI1 va NN3.
3.3. Két qua danh gia hiéu wng chiéu xa tia gamma (ngudn Co®) 1én ciac miu gidng lua
& thé hé M3

Két qua ¢ bang 7 cho théy khi xtr 1y dot bién mau gléng NN1, NN3 véi lidu luong
chiéu xa 200 Gy, 300 Gy ¢ thé hé M3 déu thu duoc cac ca thé c6 thoi gian sinh truong ngan;
d6i voi mau gidong NN1 tir 120 - 140 ngay (miu gidng gdc 1a 147 ngay); di v6i mau gidng
NN3 tir 125 - 142 ngay (mau gidng gbc 1a 125 ngay)

Bang 7. Pham vi bién dong cac dang dot bién vé thoi gian sinh trudéng va chiéu
cao ciy & thé h¢ M3 cilia cac miu giong laa trong vu Xuén nim 2018

Tén A Thoi gian tir gieo dén... (ngay Chiéu cao ciy (cm)
mau Licu Tén dong X ono Pham vi Gia tri trung
gibng | 1798 (€ 116 80% | Thuhoach 11 46n | binh (XtbSx)
0 Gy| NNI1 118 147 116 - 117 116,5 + 0,50
NN1-5 92 -97 120 - 125 | 92 -96 94,0 + 2,00
200 Gy NN1-6 98 - 103 125-130 | 95-100 97,5+2,5
NN1-36 103 - 108 130 - 135 | 103 -107 | 105,0 +£2,00
NNI NN1-68 109 - 113 136 - 140 | 100 - 108 | 104,0 +=4,00
NN1-56 107 - 112 135-140 | 98-103 100,5 + 2,50
300 Gy | NN1-62 96 - 100 124 -128 | 100- 105 | 102,5+2,50
NN1-68 106 - 111 135-140 | 105-110 | 107,5+2,50
400 Gy NN1-78 112 - 117 138 -143 | 108 - 115 111,5 + 3,50
NN1-83 113-118 140 - 145 | 107 - 113 110,0 + 3,0
0Gy |NN3 100 125 158 -159 | 158,5+0,50
NN3-223 102 - 107 130- 135 | 96 - 100 98,0 + 2,00
200 Gy NN3-284 108 - 113 135-140 | 93-98 95,5+2,50
NN3-287 104 - 109 130 - 135 | 103 -108 | 105,5+2,50
NN3 NN3-294 98 - 103 125-130 | 105-109 | 107,0+2,00
NN3-318 104 - 109 132 -137 | 103-107 | 105,0 £2,00
300 Gy | NN3-362 111-116 137-142 | 105- 111 108,0 + 3,00
NN3-368 108 - 112 136 - 140 | 135-140 | 137,5+2,50
400 Gy NN3-395 112-116 140 - 144 | 110 - 115 112,5+2,50
NN3-397 111-116 138-143 | 140-145 | 142,5+2,50

Theo Peng & cs. (2008) chiéu cao cdy 1y tudng cua cdy laa tir 90 - 100 cm. O thé hé
M3, chiéu cao cdy cua cac dong & cac liéu luong xur ly déu thép hon so v6i mau giéng goc.
Chiéu _cao cdy trung binh cua cac dong ¢ cac heu luong bién dong tir 94,0 - 107.5 cm, so
voi mau giong goc la 116,5 cm ((101 Vo1 mau glong NN1); bién dong tr 95,5 - 137,5 cm, so
véi mau giong goc 1a 158,5 cm (d01 v6i miu gidng NN3). O lidu lugng chiéu xa 200 Gy,
chiéu cao cdy cua dong NN1-5 thap nhit bién dong tir 92 - 96 cm va dong NN3-284 dat tir
93 - 98 cm. Két qua phu hop véi nghién ctru ciia Rachmawati & cs. (2019) khi s dung
phuong phap xur Iy phong xa dé cai tién chiéu cao cay glong lta dia phuong Mentik Susu.
Liéu luong chiéu xa téi wu dé thu duoc cac bién di ¢ thé hé Ms 1a 200 Gy. Két qua, dong
duoc cai tién co chiéu cao cay 92,1 cm, thoi gian sinh truong 88 ngay. Sobrizal (2020) st
dung dot bién phong xa voi lleu luong 200 Gy da thu dugc dong co thoi gian sinh truong
ngin hon dang ké so véi mau gidng gbe. Két qua nghién ctru tai bang 7 phu hop véi nghién
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clru cua Boceng & cs. (2016) khi s dung phuong phap dét bién phong xa dé cai tao gidng
lta dia phuong voi hai lidu luong 200, 300 Gy tao ra gidng mai c6 thoi gian sinh truong
ngin ngay va chiéu cao cay thap hon giéng gdc.
Bang 8. Pham vi bién dong cac dang dot bién chiéu dai 14 dong va sé nhanh
tdi da & thé hé M; ciia cac mau gidng lua trong vu Xuin nim 2018

Tén | Liéu Chiéu dai 14 dong (cm) Sb nhanh toi da
mau | luong | Tén dong Pham vi Gia tri Pham vi Gia tri
gidng | (Gy) bién dong trung binh bién dong trung binh
0 Gy NNI1 37,5 38,0 37,8 +£0,3 7,0-7,217,1+0,1
NNI1-5 28,4 -32,6 30,5+2,1 73-81]77+04
200 Gy NN1-6 29,8 - 33,8 31,8+ 2,0 6,5-75(7,0+0,5
NN1-36 27,6 -35,4 31,5+3,9 55-6,5|60+0,5
NN1-68 28,5-32,9 30,7+2,2 52-62|57+0,5
NNI1 NNI1-56 30,1 - 36,3 33,2+3,1 4,6-58(52+0,6
300 Gy | NN1-62 27,8 - 34,6 31,2+ 3,4 6,8-78(73+0,5
NN1-68 30,6 - 35,2 329+23 5,1-6,31]5,7£0,6
400 Gy NN1-78 31,5-36,5 34,0+2,5 54-6,6|6,0=x0,6
NN1-83 28,9 -33,5 31,2+23 4,7-59153+0,6
0 Gy NN3 39,3 - 40,0 39,7+ 0,4 54-5,6]55+0,1
NN3-223 30,4 - 35,6 33,0+£2,6 6,3-75(169+0,6
200 Gy NN3-284 32,1-36,7 344+23 5,7-6,9]63=+0,6
NN3-287 | 29,7-355 32,6+2.9 53-65]59+0,7
NN3 NN3-294 28,3 -33,7 31,0+ 2,7 6,4-70(67+03
NN3-318 32,8-36,4 34,6 + 1,8 5,1-6,5]58+ 0,7
300 Gy | NN3-362 28,5 -34,5 31,5+3,0 58-7,0|64+0,6
NN3-368 29,4 - 34,6 32,0+£2.6 5,5-6,3159+04
400 Gy NN3-395 30,2 - 36,0 33,1£29 53-6,5]59+0,6
NN3-397 33,9 -38,7 36,3+2,4 53-6,7|6,0=+0,7

Két qua & bang 8 cho thiy chiéu dai 14 dong cua cic dong déu ngan hon so voi mau
gidng gbc. Chiéu dai 14 dong trung binh cua cac > dong O héu luong chiéu xa 200 Gy, 300 Gy,
400 Gy bién dong tir 30,5 - 34,0 cm so voi mau gidng gbc NN1 1a 37,8 cm; bién dong tir
31,0 - 36,3 cm so voi mau giéng goc NN3 1a 39,7 cm.

S6 nhanh t6i da ctia cac dong c6 ngudn goc tur xur 1y dot bién miu giéng NN3 & tat ca
cac lidu luong chiéu xa deu cao hon so v6i mau glong gbc, bién dong tir 5, 8 - 6,9 nhanh.
Déi voi cac dong ¢ ngudn goc tur mau glong NN1 ¢ liéu lugng 200 Gy co6 s6 nhanh t6i da
dat 7,7 nhanh, cao hon so vi mau gidng gbc (7,1 nhanh). Két qua phu hop véi nghién ctru
ctia Barrid & cs. (2013) khi xir 1y dot bién phong xa gidng IR72 da chon duoc cac dong lta
c¢6 kha niang dé nhanh khoe hon giéng gdc.

Bang 9. Pham vi bién dong cac dang dot bién vé s6 bong/khém va so hat/bong & thé
hé M3 ciia cAc miu gidng lia trong vu Xuén nam 2018

Tén | Liéu S6 bong/khom S6 hat/bong

mau | luong Tén dong | Pham vi Gia tri Pham vi Gia tri
gidng | (Gy) bién dong | trung binh bién dong trung binh
0 Gy NNI 6,5-6,7 6,6 +0,1 169 - 170 169,5+ 0,5
NNI-5 6,8-7,6 7,2+0,4 145 — 165 155,0 = 10,(
NNI1 200 Gy NNI1-6 6,0-7,2 6.6 +0,6 162 - 170 166,0 = 4,0
NNI1-36 5,1-59 55+04 155-162 158,5+3,5
NNI1-68 4,6 -5,6 5,1£0,5 148 - 158 153,0+5,0
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NN1-56 4,0-5,2 4,6 £0,6 153 - 163 158,0 £5,0

300 Gy | NNI-62 5,8-7,0 6,4+0,6 166 - 174 170,0 £4,0
NNI1-68 4,7-5,7 52+0,5 152 - 163 157,5+5,5

400 Gy NNI-78 4,8 -6,0 54+0,6 163 - 172 167.5+4.5
NNI1-83 4,2-5,2 4,7+0,5 154 - 165 159,5+5.,5

0 Gy NN3 4,4 -4,6 4,5+0,1 185 - 187 186,0 £ 1,0
NN3-223 5,5-6,7 6,1 +£0,6 187 - 201 194,0 £ 7,0

200 Gy NN3-284 5,0-6,2 5,6 + 0,6 198 - 210 204,0 £ 6,0
NN3-287 4,5-5,9 52+0,7 201 - 215 208,0 £ 7,0

NN3 NN3-294 5,8-6,8 6,3+0,5 156 - 169 162,5 £ 6,5
NN3-318 4,0-5,8 4,9+0,9 157 - 171 164,0 £ 7,0

300 Gy | NN3-362 5,0-6,2 5,6 +0,6 162 -190 176,0 + 14.(
NN3-368 4,9 -5,7 53+04 155-162 158,5+3,5

400 Gy NN3-395 4,7-5,5 5,1+04 169 — 192 180,5 £ 11,5
NN3-397 4,5-5,7 51£0,6 157 - 165 161,0 £4,0

Céc dong lua nguon goc tur xur ly dot blen mau glong laa NN3 c6 s6 bong/khém & tat
ca cac liéu lugng chiéu xa déu cao hon mau gidng goc, blen dong tir 4,9 - 6,3 bong (glong
gbc 12 4,5 bong). Pdi v6i cac dong nguon goc tir mau gidng NN1 ¢ liéu lwong 200 Gy c6 s6
bong/khom 7,2 bong, cao hon so voi mau gidng gde (6,6 bong). SO hat/bong cua cac dong
lta ¢ cac lidu lugng chiéu Xa co sy bién dong 16m. Cac dong lua nguf)n gbc tir xir 1y dot bién
mau gidng lua NNI co s6 hat/béng trung binh 16n nhat & lidu luong 300 Gy dat 170,0
hat/bong (glong gbc 169,5 hat). Cac dong lua ngudn gdc tir xir 1y dot bién mau glong lba
NN3 ¢6 s0 hat/bong trung binh 16n nhat ¢ liéu lugng 200 Gy dat 208,0 hat/bong (glong gbe
186,0 hat). Ket qua phu hop voi nghién ctru cua Rachmawati & cs. (2019) khi chiéu xa tia
gamma lén g1ong laa dia phuong Mentik Susu thu duoc nhiéu dong cé sd hat/bong cao hon
gidng gdc & lidu luong 100 Gy, 200Gy va 300Gy.

Bing 10. Pham vi bién dong cic dang dot bién vé chiéu dai bong va chiéu dai hat théc

6 thé h¢ M3 clia cac miu gidng lua trong vu Xuén nim 2018

Tén | Liéu Chiéu dai bong (cm) Chiéu dai hat thoc (mm)
mau lugng Tén dong | Pham vi Gia tri Pham vi Gia tri
gibng | (Gy) bién dong trung binh bién dong trung binh
0 Gy NNI 28,8 -29,0 289+0,1 7,2-74 7,3+0,1
NNI-5 27,3 - 28,7 28,0+ 0,7 7,2-84 7,8+0,6
200 Gy NNI1-6 28,3293 28,8 £0,5 6,7-72 7,0+0,2
NN1-36 21,7-23,5 22,6 £0,9 6,8-7,6 7,2+0,4
NN1 NN1-68 21,3-25,5 234+2,1 6,6 -7,1 6,9+0,3
NNI1-56 27,1-29,5 28,3 +1,2 7,0 - 7,4 72+0,2
300 Gy | NN1-62 27,0 - 29,8 28,4+ 1,4 6,5-7,1 6,8+0,3
NN1-68 24,9 - 25,7 25,3+ 0,4 6,4-6,8 6,6 0,2
400 Gy NNI1-78 25,3-26,3 25,8+ 0,5 7,0 -7,5 7,3+0,3
NNI1-83 25,0-29,4 272 +22 6,5-6,9 6,7+0,2
0 Gy NN3 32,3-325 32,4+0,1 7,4-7,6 7,5+0,1
NN3-223 30,5-32,7 31,6 £ 1,1 6,8-7,6 7,2+0,4
200 Gy NN3-284 29,6 - 31,6 30,6 + 1,0 6,7-73 7,0+0,3
NN3 NN3-287 29,5-31,8 30,7+ 1,2 7,1-7,5 7,3+0,2
NN3-294 27,3 - 30,1 28,7+ 1,4 6,6 - 7,4 7,0+0,4
300 Gy NN3-318 27,8 -29,2 28,5+ 0,7 6,8 -7,6 7,2+0,4
NN3-362 29,1 - 32,7 30,9+ 1,8 6,5-79 72+0,7
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NN3-368 26,3-279 27,1+0,8 7,1-79 7,5+0,4
400 G NN3-395 29,8 - 33,6 31,7+ 1,9 7,6 - 8,4 8,0+04
Y [NN3-397 33,2-35,8 345+1,3 8,2-8,6 8,4+0,2

Két qua & bang 10 cho thay chiéu dai bong cua hau hét cac dong & cac lidu luong xur
ly twong dwong hodc ngin hon so voi miu giéng gbe. Riéng cac dong ngudn gbe tir mau
giong NN3 ¢ lidu luong 400 Gy c6 chiéu dai bong trung binh dat 34,5 cm, dai hon chiéu dai
bong ciia mau giong goc (32,4 cm). Ket qua phu hop véi nghién ctru cua Barrida & cs.
(2013) khi  xur ly dot bién phong xa gidng IR72 da chon dugc cac dong lta c6 bong dai
hon gibng gbc. Rachmawati & cs. (2019) chiéu xa tia gamma 1én gidng lua dia phuong
Mentik Susu & lidu luong chiéu xa 200 Gy thu dugc dong duoc cai tién c6 chiéu dai bong
26,8 cm dai hon giong goc (25,4 cm). Chleu dai hat thoc cua cac dong tuong duong hoac
ngin hon 50 VOl chiéu dai hat thoc cua cac mau giéng goc. Két qua cho thay khi chiéu xa tia
gamma ngudn Co® 1én hai miu giéng NN1 va NN3 it ¢6 hiéu qua trong viéc ting chiéu dai
hat thoc.

4. KET LUAN

Hiéu ung chiéu Xa tia gamma ngudn Co® 1én hat kho cta 01 mau gidng lta dia phuong
(Khau mang) va 02 mau giéng lta nhap ndi (NN1, NN3) biéu hién rat khac nhau & cac licu
luong va thé hé khac nhau.

O thé hé M, ty 1€ nay mam va ty 1é song sot clia cac mau glong laa déu giam khi tang
lidu lugng chiéu xa & ca giai doan ma, giai doan deé nhanh va giai doan tro den chin. Muc
d6 giam tir 4,7 - 8,0% so v6i mau gidng khong xir 1y. Ty 1¢ I¢ép cua cac mau giéng lta déu
tang khi ting liéu luong chiéu xa tir 18,2 — 56,2 % so voi mau glong khong xur ly.

O thé hé My, cac tinh trang nhu thoi gian sinh trudng ngan, thap cay, la dong ding c6
tan suat xuat hién dot bién cao & lidu lugng chleu xa 200 Gy, 300 Gy d6i v6i mau giong
nhép ndi NN1. Bt bién thap cdy, d¢ nhanh tdt, sb bong/khom cao, la dong dimg xuat hién
v6i tan suét cao khi chiéu Xa mau gidng nhép ndi NN3 voi lidu lugng 200 Gy va 300 Gy.
Dot bién hau nhu khong xuat hién hodc voi tan suat thap khi chiéu xa gidng dia phuong
Khau mang.

O thé hé M; thu duoc mot sé dong 1aa cai tién ¢ thoi gian sinh truong ngan, thap cay,
dé nhanh kha tir viéc chiéu xa tia gamma véi lidu lugng 200 Gy va 300 Gy trén hai mau
gidng 1ua nhap ndi NN1 va NN3.
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Anh hwéng ciia nhi¢t do va s thiéu hut ap suit 4m do khong khi 1én phin tng cia
kiéu gen cay lia déi véi dinh dudng dam va canh tranh cé dai
Effects of temperature and vapor pressure deficit on genotypic responses to nitrogen
nutrition and weed competition in lowland rice

Vii Duy Hoang
B¢ mon Canh tac hoc, khoa Nong hoc, Hoc Vién Nong nghiép Viét Nam
Email: vdhoang@vnua.edu.vn

TOM TAT KET QUA

Lua gao 1a ngudn lwong thyc chinh cho hon mét nira dén s toan cau, d6 d6 san xuat lta
gao c¢6 anh hudng 16n dén an ninh lwong thuc. Dé thich Gmg vi tinh hinh thiéu hut nudc ngay
cang nghiém trong ciing nhu giam thiéu phat tan khi gy hiéu Gng nha kinh, cac k¥ thuat tuéi
nude tiét kiém (nhu tudi ngap am luan phién) di duoc ap dung ¢ nhiéu ving san xuit lua.
Nhiéu nghién ctru trude ddy di chimg minh rang tudi ngap am ludn phién gitip nang cao hiéu
qua str dung nudc va giam phat tan khi mé-tan (CHa), trong khi ning suit laa c6 thé ngang
bang hoidc cao hon hé thong tudi ngap lién tuc. Tuy nhién, do khong co 16p nude duy tri lién
tuc trén bé mait rudng, mat s6 van dé méi da ndy sinh trong h¢ théng nay nhu: thay ddi nhiét
d6 ré; 1am tang qua trinh nitrat hoa din dén ting ndng dd dam nitrate (NO5") trong dat; va kich
thich hat c6 nay mam, din dén thay doi hé sinh théi co dai trén rudng. Nhiing sy thay doi nay
c6 thé anh huong dén kha nang hut va ddng hoa dinh dudng va sinh truéng cia cay laa. Hon
nira, sy thiéu hut ap suit 4m do khong khi (VPD) 1a yéu té quan trong anh huong dén qua
trinh thoat hoi nudc va van chuyén nudc trong cdy, do vdy cdy co thé c6 nhing diéu chinh
trong viéc hap thu va dong héa dinh dudng & cac VPD khac nhau. C6 su da dang vé VPD gitta
cac mua vy va giita cac ving sinh thai trong la, trong khi VPD ciing dugc du béo s& tiép tuc
tang 1én & nhiéu noi cing voi hién tuong 4m 1én toan cau, do d6 né ciing 1a mot yéu t6 thi
nghiém trong nghién ctru nay.

Muc tiéu chinh ctia nghién ctru ndy 1a nham danh gia phan tng cua cay laa d6i voi mot
s6 van dé nay sinh trong hé thng canh tac lua tudi tiét kiém nudc. Cac thi nghiém dugc tién
hanh trong budng diéu khién VPD va trong nha ludi ¢ trudng dai hoc Hohenheim (DPc) va
cay duoc trong trong dung dich dinh dudng.

Tbc do hut dinh dudng cua cay lua tang tuyén tinh v&i sy tang nhi¢t do ré dén 29°C ca
ngay 1an dém, chi ra rang ngudng nhiét tdi uu cho qua trinh hiit dinh dudng cta cay laa 1a trén
29°C. Tuy nhién, tbc d¢ hut ctia cac nguyén td dinh dudng trong phan tmg vai nhiét do 1a khac

nhau, theo do, téc do hut dam tang manh hon 1a hat 1an va kali, diéu nay co thé dan dén su
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mat can bﬁng dinh dudng trong cay. Do viy, su ting nhiét do ré, do bién d6i khi hau hodc do
hé thdng tudi, dit ra yéu cau can phai diéu chinh bién phap quan 1y phan bén. Nhin chung,
tang nhiét d6 r& ¢ ban ngay lam ting toc do hut dinh dudng manh hon & ban dém, trong khi
ndng do axit amin trong 14 twong quan chit voi tbe d6 hut dam ban ngay, diéu do cho thiy cay

s& ¢6 loi nhidu hon khi nhiét do ting 1én vao ban ngay.

Khi dam duoc cung cip & ca hai dang amon (NH4") va NO3’, cay hiit NHs™ nhiéu hon.
Tuy nhién, khi néng d6 NH4" giam, cdy ting cudng hat NO;™ nhiéu hon, do d6 khong lam
giam téng luong dam hut. Trong diéu kién VPD thip, dang dam hut khong anh hudng dén
hoat dong trao ddi khi 14 cua cay lua, nguoc lai, trong diéu kién VPD cao, NO3™ 1am tang do
dan khi khong, dan dén ting qua trinh trao d6i khi 14 & mot s6 gidng lua. Mic du vay, sy ting
cuong do quang hop nay khong phai luc nao ciing dan dén tang chat kho tich liy, diéu nay co
thé 1a do nhu cdu ning luong cho qua trinh déng hda NOs™ cao hon NH4". Anh huong cia
dang dam dén qua trinh trao d6i khi 14 cua cac giéng lta chi quan sat thiy trong diéu kién
VPD cao, cho thiy rang co sy thich nghi dic trung cua cac kiéu gen trong diéu kién VPD cao.
Tuy nhién, viéc duy tri d6 dan khi khong & diéu kién VPD cao chi ¢6 loi khi cdy dugc cung
cap du nude. Do @6, chiing t6i dua ra gia thuyét rang v6i VPD tiang 1én, qué trinh nitrat hoa
tang cuong trong diéu kién tudi ngap am luan phién c6 thé cai thién su trao d6i khi cia ciy

ltia, tuy nhién can c6 sy lya chon vé gidng va bién phap quan 1y nuéc phu hop.

Hon nira, dang dam c6 anh huong dén su canh tranh gitra [ua va cd dai. Trong canh tranh
voi laa, ty 1€ dinh dudng NOs™ cao 1am tang sy sinh trudng va kha nang canh tranh cua co dai
wa am nhung lai 1am giam sinh truong va kha nang canh tranh ciia ¢ dai chiu ngap. Khac voéi
cdy laa, sinh truéng ciia ¢o dai wva am khong bi giam trong diéu kién VPD cao, trong khi tdc
d6 hut dinh dudng cua né co trong quan véi tbe do hit nude, cho thiy ring co dai wa am s&
canh tranh tot hon véi cdy lua vé dinh dudng khi VPD ting 1én. Viéc lya chon cac giéng lta
c6 kha nang thich tng tdt hon voi su hép thu NOs3™ s€ cai thién khd néng sinh trudng va canh

tranh cda lta doi véi cd dai trong di€u kién tudi ngdp am ludn phién.

Céc tac dong cong gop cua nhi¢t do ré va qua trinh nitrat héa trong dat doi vdi sinh
truong cua cay can dugc xem xét khi danh gia tac dong cua bién doi khi hau doi vaoi su sinh

trudng cua cay laa.
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SUMMARY

Since rice is the major food for more than half of the world’s population, rice production
and productivity have significant implications for food security. In adaptation to increasing
water scarcity, as well as to reduce greenhouse gas emissions, water-saving irrigation
measures (e.g., alternate wetting and drying — AWD) have been introduced in many rice
growing regions. Previous studies have shown that AWD increases water use efficiency and
reduces methane (CH4) emissions, while grain yield remains equal or is slightly increased
compared to continuous flooding. However, the absence of a ponded water layer in formerly
flooded rice fields creates new challenges, such as altered root zone temperature (RZT),
enhanced nitrification leading to higher nitrate (NO3") concentrations in the soil, or stimulated
weed germination leading to changes in weed flora. All these factors may affect nutrient
uptake and assimilation of rice plants and thus plant growth. Further, vapor pressure deficit
(VPD) drives transpiration and water flux through plants, so nutrient uptake and assimilation
by plants may be subject to adjustment under varying VPD conditions. As VPD varies largely
between rice growing regions and seasons, and is also predicted to continuously increase
under global warming, it was included as a factor in this study.

The overall objective of the study was to evaluate the response of different rice varieties
to arising challenges under water-saving irrigation. Experiments were conducted in the
greenhouse and VPD chambers at the University of Hohenheim, where plants were grown in
hydroponics.

Both during day and night, nutrient uptake rates of rice increased linearly with RZT in
the observed temperature range up to 29°C, implying that the optimum temperature for
nutrient uptake of rice must be above 29°C. However, the uptake rates of different nutrient
elements responded differently to RZT, with the increase in nitrogen (N) uptake per °C being
greater than that of phosphorus (PO4*") and potassium (K*), which can potentially lead to an
imbalance in plant nutrition. Therefore, the increase in RZT either due to climate change or
water management may call for an adjusted fertilizer management. In general, the increase in
nutrient uptake per °C was more pronounced during the day than during the night, while the
amino acid concentration in the leaves both during the day and night was positively correlated
with N uptake during the day, suggesting that plants may benefit more from increased
temperature during the day.

When both ammonium (NH4") and NO3™ were supplied, rice plants took up a higher

share of NH4". However, after depletion of NH4" in the nutrient solution, plants took up NOs’
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without decreasing the total N uptake. The N form taken up by the rice plant had no effect on
leaf gas exchange at low VPD, whereas NO3™ uptake and assimilation increased stomatal
conductance in some rice varieties at high VPD, resulting in a significantly higher
photosynthetic rate. However, the increase in photosynthesis did not always result in an
increase in dry matter, probably due to a higher energy requirement for NO3™ assimilation than
for NH4". The effect of N form on leaf gas exchange of some rice varieties was only found at
high VPD, indicating genotype-specific adaptation strategies to high VPD. However,
maintenance of high stomatal conductance at high VPD will only be beneficial at sufficient
levels of water supply. Therefore, we hypothesize that with increasing VPD, intensified
nitrification under water-saving irrigation may improve leaf gas exchange of rice plants,
provided a careful choice of variety and good water management.

Furthermore, N form had an effect on the competition between rice and weeds. In mixed
culture with rice, a large share of NO3™ increased the growth and competitiveness of upland
weeds but reduced the growth and competitiveness of lowland weeds. Consequently, enhanced
nitrification under AWD may reduce the competitive pressure of lowland weeds, but increase
the competition of upland weeds. In contrast to rice, growth of the upland weed was not
reduced by high VPD, while its nutrient uptake was correlated with water uptake, suggesting
that upland weeds will more successfully compete with rice for nutrients as VPD increases.
Selection of rice varieties better adapted to NO3™ uptake will improve rice growth and its
competitiveness against weeds under AWD.

The cumulative effects of RZT and soil nitrification on rice growth should be considered

when evaluating the effects of climate change on rice growth.
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THU'C TRANG KHAI THAC CAY XANH CANH QUAN TAI MQT SO DIA PIEM
TREN DPIA BAN THANH PHO HA NOI

Pham Thi Bich Phuwong

Khoa Nong hoc, Hoc viégn Nong nghiép Viét Nam
Email lién hé: ptbichphuong@vnua.edu.vn

TOM TAT

Cay xanh c6 vai tro quan trong trong viéc cai thién méi trudng song va kién tao canh
quan thanh phd Ha Noi. Theo dinh hudng phat trién khong gian trong Quy hoach chung xay
dung thu d6 Ha Noi dén nam 2030 va tim nhin dén ndm 2050, Ha Noi can nghién ctru phat
trién hé théng cay xanh d6 thi khong chi ting vé b lugng, ma cAn dam bao lya chon loai cay
trong pht hop v6i diéu kién tu nhién va phit hop véi cac nhém chire ning do thi khac nhau.
Nghién ctru nay da tién hanh diéu tra thyc trang khai thac cdy xanh canh quan tai 40 dia diém
trén dia ban thanh phé Ha Noi; théng ké dugc 88 loai cay xanh, thudc 81 chi, 54 ho, 28 bo
thuc vat; 31 loai ciy bong mat, 33 loai cay bui, 20 loai cay trong tham, 3 loai cdy day leo va
1 loai cay thuy sinh; danh gid dugc thuc trang cdy xanh canh quan tai khu vuc nghién ctru; dé
xuat mot sb giai phap Iwa chon loai cdy va mo hinh phdi két cdy xanh phu hop véi timng chirc
ning cong trinh d6 thi, gop phan ning cao chét lugng cay xanh canh quan tai khu vuc nghién
clru.
Tuw khoa: Canh quan cdy xanh, cdy xanh do thi, canh quan do thi

EXPLOITATION STATUS OF URBAN PLANTS IN A NUMBER OF LOCATIONS
IN HANOI

ABSTRACT

Plant plays a crucial role in improving the living environment and creating landscape
in Hanoi. According to the spatial development orientation in the Hanoi Capital Construction
General Plan to 2030 and a vision to 2050, Hanoi needs to study and develop the urban green
system not only in quantity, but also in ensure the selection of plants suitable for natural
conditions and right for different urban functional groups. This research has investigated the
status of exploitation of landscape trees at 40 locations in Hanoi city; statistics of 88 species
of trees, belonging to 81 genera, 54 families, 28 orders of plants; 31 species of shade trees, 33
species of shrubs, 20 species of carpet plants, 3 species of vines and 1 species of aquatic plants;
assessing the current status of landscape trees in the study area; proposing some solutions to
select tree species and model of tree combination suitable for each urban work function, in
order to contribute to improving the quality of landscape trees in the study area.
Keywords: plant landscape, urban plants, urban landscape
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1. PAT VAN PE

Cay xanh 12 mot yéu t6 dong vai trd quan trong trong thiét ké canh quan. Sy da dang
trong thanh phan loai lam phong pht hinh thirc phdi két cdy xanh canh quan, gop phan khong
nho trong viéc nang cao gia tri tham my, cai thién méi truong canh quan va gin lién voi cac
gia tri dic trung cia moi khu vuc (Yang & cs., 2021). Cung véi qua trinh d6 thi hoa, hang loat
cong trinh kién trac duoc xdy dung mai trong khong gian d6 thi Ha Noi, dan dén hién tuong
mAt can bang gitra hé thdng ha tang canh quan vé6i ha tang k§ thuat d6 thi. Dé cai thién moi
truong, nang cao chat luong cudc séng cla nguoi dan, thanh pho Ha noi da dua ra ndi dung
Quy hoach chung x4y dung Thu d6 Ha N6i dén nim 2030 va tam nhin dén nam 2050 véi muc
tiéu tang dién tich cay xanh canh quan, dam bao lya chon loai cay xanh phu hop voi sinh thai,
diéu kién ty nhién va phul hop v6i cac nhom chire ning d6 thi khac nhau, dé tao ban sic cho
thanh phé Ha Noi.

Céc nha khoa hoc Viét Nam da cong bd mot sé két qua nghién ctru vé ciy xanh do thi
Ha Noi, nghién ctru phan tich quan dlem va giai phap quan ly cay xanh cho d6 thi (Pham Anh
Tuén & cs, 2017), danh gia nhiing ton tai va dé xuat giai phap kién tao dia diém cay xanh &
Ha Noi (Vi Hiép, 2014), nghién ctru thuc trang cay xanh dudong pho tai Ha No1 (Pham Anh
Tuén, 2017), nghién ciru hé thong ciy xanh trong khudn vién trudng hoc (Bui Ngoc Tan, 2019;
Bui Ngoc Tén & cs., 201 3), nghién ctru hé théng cay hoa thoi vu trang tri cadnh quan tai thanh
phd Ha Noi (Pang Van Ha & cs., 2019). Mic du vy, hién nay thyc trang cdy xanh canh quan
tai d6 thi Ha Noi van ¢ nhiéu bat cap, can tién hanh nghién ctru dﬁy du hon & nhiéu cac khu
chtrc nang do thi trén dia ban thanh phd Ha Noi.

Muc ti€u cua nghién clru nay la danh gia thuc trang khai thac céc loai cay xanh canh
quan tai mot sd dia diém trén dia dia ban thanh phd Ha Noi. Tir d6, dé xuat nhimg giai phap
lwa chon loai cdy xanh canh quan phu hop, timg budc nang cao chat luong canh quan va moi
truong cho thanh ph Ha Noi.

2. DPOI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Pbi twong va pham vi nghién ciru

Déi twong nghién ciru: cay xanh tmg dung trong canh quan cho mét s6 chtic nang cong
trinh khac nhau.

Pham vi nghién ctu: 40 dia diém tai mot sd quén, huyén trén dia ban thanh phé Ha
Noi (quan Long Bién, quan Hoan Kiém, quan Hai Ba Trung, quan Ba Dinh, quan Béng Da,
huyén Gia Lam).

2.2. Phuong phap nghién ciru

2.2.1. Phwong phdp diéu tra thuc dia

- Thoi gian diéu tra: tir thang 11 nam 2020 dén thang 5 ndm 2021.

- biéu tra thyc dia thu thap thong tin thuc vat hoc va hinh anh hién trang cay xanh canh quan
tai cac khu vuc diéu tra.

2.2.2. Phwong phdp ké thira

Thong qua viéc thu thap tai lidu thir cap, ké thira két qua nghién ctru cua cac du an
trong va ngoai nudc trong pham vi nghién ctru ctia dé tai.
2.2.3. Phwong phap xdc dinh tén loai thwc vt

Xac dinh tén loai (tén phé thong, tén khoa hoc), tén ho, tén bd cho mdi loai cay dugc
diéu tra duoc cin clr vao cac tai liéu chinh nhu sau: Cay c6 Viét Nam (3 tap) (Pham Hoang
Hd, 1999-2000); 500 loai cay thuong dung trong thiét ké canh quan (Pinh Quang Diép, 2020);
Danbh luc céc loai thye vat Viét Nam (tép 2) (Nguyén Tién Ban, 2003) va website tra ctru thuc
vat: http://theplantlist.org/

3. KET QUA VA THAO LUAN
3.1. Pa dang thanh phan loai 1am phong phi hinh thirc phdi két cAy xanh canh quan

Két qua danh gia da dang thanh phan loai cAy xanh st dung trang tri canh quan tai mot

s dia diém trén dja ban thanh phd Ha Noi da x4c dinh dugc 88 loai cay xanh, thudc 81 chi,
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54 ho, 28 bg. ba dang nhét 1 bd Maing Tay v6i 4 ho, 9 chi, 10 loai cay xanh. Chiém vi tri thi
2 la cac bg co 7 loai cay xanh nhu bd Cau, Hoa héng va Long dom. Mot s6 bo khac c6 su xuat
hién tir 5 dén 6 loai cay xanh nhu bd B6 hon, Pau, Hoa mdi, So ri. Cac bd con lai chiém tur 1-
4 loai cay xanh chiém da sd (20/28 b9) trong téng s6 bd thuc vat diéu tra duoc (Hinh 1).
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Hinh 1: S lugng b, ho, chi, loai thyc vat tai khu vuc nghién ciru
88 loai cdy xanh trong khu vue nghién ctru thugce 5 nhém cay xanh, bao gbm ciy bong
mat, cdy bui, cay trong tham, cay day veo va cay thuy sinh. Trong do, nhom cay bui co6 s6
lwong loai nhidu nht (33 loai), nhém cay thuy sinh ¢ s6 luong loai han ché nhét (1 loai), cac
nhom cay con lai c6 s6 lwong dao dong tir 3 dén 31 loai (Hinh 2).

40 31 33
30 20
20
0 —

Cay béng mat Cay bui Cay trong tham Cay day leo Cay thuy sinh

Hinh 2: S6 luong loai cdy xanh theo cac nhom cay tai mot sé dja diém trén dia ban thanh
phd Ha Noi

Su da dang vé chung loai, hinh théi va dang séng cta 88 loai cay xanh di lam phong
phu canh quan céy xanh tai cac khu vue diéu tra, dép mg yéu cau vé phoi két cay xanh d6 thi
theo Tiéu chuan TCVN 9257:2012 va TCVN 8270:2005. Cay xanh dugc phéi két nhiéu tang
cao thip theo chidu cao khong gian, cay than gd 16n c6 vai tro cung cip bong ram va kién tao
canh quan tang cao, cdy bui va cay day leo o vai tro két n01 khéng gian va kién tao canh quan
tang trung, cay trong tham va cod c6 vai tro 13 canh quan nén, cy thuy sinh c6 vai trd két ndi
cac ting canh quan phia trén véi canh quan nudc.
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a, Khu d6 thi Bang X4 b, Hoc vién Nong nghi€ép HA N ¢, Dai tuong ni¢m thi tran Tré
Quy
Hinh 1: Hinh thirc phdi két ciy xanh tai mot sé dia diém nghién ctru
3.2. Thuc trang khai thac cac nhom cay xanh dé thi tai khu vwe nghién ciru

Cin ¢t vao quyét dinh 19/2010/QD-UBND cua thanh ph Ha Noi vé viéc ban hanh
“Quy dinh vé quan ly hé théng cay xanh do6 thi, cong vién, vuon hoa, vuon thua trén dia ban
thanh phd Ha No6i” ¢6 thé phan loai ciy xanh tai cac khu virc diéu tra thanh hai nhom cay xanh
st dung cong cong va cdy xanh st dung han ché. Cay xanh str dung han ché duoc trong tai
cac cong trinh ton gido; cdy xanh trong cac loai cong trinh nha &; cay xanh trong cong trinh
giao duc; cay xanh trong cong trinh dich vu thuong mai. Cay xanh str dung cong cong bao
gdm cdy xanh khu vyc dai tuéng niém; ciy xanh vuon hoa va cdy xanh duong phd.

Két qua nghién ctru cho thay thuc trang khai thac hai nhém cAy xanh d6 thi da dang
vé s6 luong loai, chirc khong gian xanh dam bao tinh tham my, hai hoa véi méi trudng xung
quanh; to chirc thanh hé théng cac diém canh quan chtrc ning do thi, tuyén canh quan dudng
phd; gbp phan cai thién chét luong canh quan va méi trudng thanh phd Ha Noi.

Tuy nhién, thue trang khai thac cay xanh canh quan trong hai nhom cay xanh do thi
con ton tai mot sd van dé trong viéc lra chon loai céy khong phu hop, c6 thé gdy ra nhimg
anh huong t6i dan cu va moi truong song. Trong pham vi bai viét nay, tac gia tién hanh phan
tich nhirng han ché va dé xuat giai phap lua chon loai cay, mo hinh phéi két cdy xanh phu hop
v6i chirc nang cong trinh.

3.2.1. Cay xanh sir dung han ché
a. Cay xanh trong khu ¢

Cong trinh nha ¢ dén cu la noi cu tri cua nguoi dan. Tiéu chi lya chon cdy xanh trang
tri can dam bao tinh an toan, chon nhiing loai cay khong c6 gai, nhya, mu doc. Két qua diéu
tra cho thiy, 2/10 nha dan c6 str dung cay Agao dé trang tri trong khu6n vién nha. Cay Agao
1a loai cdy c6 dic diém 1a thuon dai, sac nhon ¢ dau 14 va c6 mua doc gay ngira. Agao 1a loai
cdy khong dugce khuyén cao trong trong mdi trudng noi cu tra, co thé gy thuong tich cho
nguoi sir dung, dic biét 1a di twong ngudi gia va tré em trong gia dinh. Dé xuét thay thé cay
Agao bang nhiing loai ciy c6 hoa dep nhu Mau don, hoa Gidy; ciy c6 huong thom nhu Mai
chiéu thuy, Moc, Nhai ta.

Mo hinh phdi két cay xanh tai khu vuc nay mang tinh ddc thu, phu hop voi khong gian
han ché ctia nha d6 thi. Ching ta c6 thé sir dung cay trong chau dé trang tri khu vuc trudc cira
nha, thuan tién cho viéc di chuyen va thay thé cay trong canh quan. Ngoai ra, ching ta c6 thé
sir dung khong gian san thuong de thlet ké md hinh vuon trén méi, két hop trang tri canh quan
va san xuat nong san phuc vu nhu cau cta ho gia dinh. Pay 1a mot dang mé hinh “néng nghiép
d6 thi” c6 gia tri cao, thich Gmg véi diéu kién do thi hoa ngay cang nhanh ctia thanh ph Ha
Noi.

b. Cay xanh truong hoc

Truong hoc la moi truong gido duc. Ticu chi lya chon cay xanh trong trong khu vuc
nay 1a nhiing loai cay xanh phat trién déo dai, cho bong mat tdt, an toan va khong c6 hoa qua
hap dan sau bo, rudi nhang gy 6 nhlem moi truong. Két qua diéu tra cho thay, trong khuon
vién cdc truong hoc co trong mot s loai cdy chua dap tmg dugc cac tiéu chi trén.

Bo dé, Pa, Si la nhirng loai cay co ré phy, c6 gia tri thAm my cao néu dugc trong trong
khong gian rong hodc trong 1am canh trong chau kiéng. Tai khu vye diéu tra, cac loai cdy nay
dugc trong sat cac toa giang duong, nha lam viéc. He thong ré phu cuia cac loai cay nay phat
trién 1a mdi nguy hai anh huong dén cac cong trinh kién trac. Ngoai ra, qua cua 3 loai cay nay
c6 dic diém thu hit rudi nhing va gay o nhiém méi truong. Gia phap dé ra 1a ching ta co thé
str dung cdy Da, Si v6i hinh thire trong chau kiéng, dit tai cac vi tri nhu san trudng, tién sanh
cac toa nha lam viéc, khu giang duong dé trang tri khong gian.

Cay Liéu c6 dic diém canh 14 mém, thuong duogc trang tri canh quan hd, mat nude.
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Viée trong cay Liéu trong khudn vién truong hoc khong dem lai hiéu qua cung cap bong ram,
c6 thé 1am can tré viée di lai do dic diém canh 14 ra. Vi vay, chi nén tréng cay Lidu tai cac
diém canh quan hd nuéc.

Xoai va Nhin duoc trong trong khudn vién cac truong véi vai tro 1a cay bong mat.
Day 1a 2 loai ciy dn qua co gia tri cao. Viéc trong hai loai cdy an qua ndy véi muc dich trang
tri canh quan trong khuon vién truong s& hap dan hoc sinh leo tréo hai qua, khong dam bao
tinh an toan. C6 thé bd tri tréng cac loai cdy dn qué trong khudn vién vuon trudng, phuc vu
muc dich giang day, nghién ctru.

M5 hinh phéi két cay xanh truong hoc phai dam bao phu hop voi cong ning, thim my
va an toan. Trong khudn vién san truong, nén trong nhitng loai cdy sinh truong khoe, déo dai
va cho bong mat t6t nhu Sao den, Sau cdy bong mat c6 hoa dep, gdy an tugng manh nhu
Phuong, Biang lang, Muong hoang yen dé cung cap bong ram va tao diém nhén trang tri canh
quan tang cao. Dé tao diém nhin gan cho khong gian tang thap, c6 thé phdi két cac loai cay
bui, ciy trong tham tai cac bdn canh tai khu nha hanh chinh, khu giang duong,... Trong khu
vuc vuon truong, nén trong da dang cac loai cdy an qua, cay hoa, cdy thudc,....dé phuc vu
cho cong tac nghién ctru, gidng day cta gido vién va hoc tap cia hoc sinh, sinh vién.

3.2.2. Cay xanh sir dung cong cfng
a. Cay xanh vieon hoa

Vuon hoa 1 khong gian phuc vu nhu cau di bo, dao choi va nghi ngoi trong thoi gian
ngan cta ngudi dan trong do thi. Cay xanh sir dung trong khu virc ndy dam bao tinh thim my,
pht hop v6i mdi truong xung quanh va khong gay can tré cho cac hoat dong cua nguoi dan
trong khu vuc. Hién trang trong cac khu vuc diéu tra c6 trong mot sé loai cdy mang nhing
dic diém gay anh hudng téi moi truong va an toan cho ngudi str dung. Cay Tam xudn c6 dic
diém than canh nhiéu gai nhon, viéc bd tri trong tai cac vi tri ven 16i di d& gy thuong tich cho
nguoi dan, khong dam bao tinh an toan. Qua cay Si thu hut con trung, rudi nhing, giy 6 nhiém
moi truong. Viée trong cdy Xoai trong khu vyc vuon hoa do thi clng chua dam bao tinh an
toan, co thé xuat hién cac hoat dong leo tréo hai qua ciia ngudi dan néu khong dugc quan 1y
t6t.

Mo hinh phéi két cay xanh vuon hoa cin dam bao phong pht vé chiing loai, bén mua
¢6 hoa 14 xanh tuoi, d4p ing nhu cau thAm my¥ va tinh an toan cho dan cu. Canh quan cay
xanh vuon hoa can dugc thiét ké da dang theo chiéu cao khong gian. Tang canh quan trén nén
trong nhiing loai cdy sinh truong khoe, déo dai va cho bong mat t6t nhu Long ndo, Sao den,
Séu; cdy bong mat hoa dep nhu Ban, Mudng hoa ddo, Bang ling. Canh quan tang trung nén
lya chon nhiing loai céy bui da nién, sinh truong kho¢ va cho hoa dep (Mau don, Mai van
phtic, Nhai, Mau don), cay c6 hinh thai dep (Van tué, Cau bui, Cau lun, Trac phat ba) ph01 két
theo hinh thirc khom 3 cay, khom 5 cay, ph01 két cay xanh v&i d4 va tuong trang tri,.... Tang
canh quan phia dudi trong céac loai cdy trong tham va co dé phu xanh va 1am nén cho tang
canh quan phia trén.

b. Cay xanh dwong pho

Tiéu chi lya chon cay xanh dudng phd 1a phai dam bao tinh an toan cho ngudi dan.
Cay Xa ctr 1 loai cay duoc trong kha phd bién trén duong phd Ha Noi voi wu diém cho bong
ram tot. Nhuge diém cua loai cay nay 12 bo ré an ngang, tan ciy day va ning, d& bi d6 khi gap
mua bdo, gdy nguy hiém cho ngudi dan d6 thi. Hai loai cay Pa va cay Si cing c6 dac diém
thit qua thu hut ruéi nhang, gay 6 nhiém méi trudng do thi, nén han ché st dung loai cay nay
tréng trén dudng phd.

Mo hinh phdi két cay xanh dudng phd can phu hop véi chire ning trang tri, phan cach,
khong gdy can tré cho nguoi va phuong tién tham gia giao thong. Céy xanh trong trong khu
vuc nay can dam bao tinh ddng nhat vé kich thudc, _chung loai dé tao canh quan riéng biét
theo timg tuyen phd. Déi véi nhém cay bong mat, can lya chon nhiing loai cay co ré coc an
sau xudng dat, khong moc ngang pha hoai cac cong trinh ha ting k¥ thuat ngam (cay Sua);
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than canh déo dai, it gdy d6, chiu dugc gio bio (Sau, Long ndo, Ban). Phdi két cay bong mat
theo hinh thtc 1 hang hodc 2 hang voi khoang cach cac cdy déu nhau. Déi voi nhom cay bui
va cdy trong tham, nén lya chon nhing loai cay da nién, sinh truong khoé dé giam chi phi duy
tri. Nhimg loai cay co tan day, c6 kha nang hat khoi bui (Trac dao, Nguyét qué) thich hop
trong ¢ dai phan cach giao thong. Nhing loai cay c6 hoa dep, do bén hoa cao (Mau don), cay
trdng vién chiu cit tia (Chudi ngoc, Thanh tdo), thich hop trdng trang tri tai cac diém canh
quan trén via he.

4. KET LUAN VA PE NGHI

Cay xanh canh quan duoc khai thac va st dung tai 40 khu vuc diéu tra kha dang dang
v6i 28 bg, 54 ho, 81 chi va 88 loai. Trong do, 31 loai la cay bong mat, 33 loai cay bui, 20 loai
ciy trong tham, 3 loai cay day leo va 1 loai cay thuy sinh. Sy da dang vé ching loai, hinh thai
va dang sbng ctia 88 loai cay xanh di 1am phong phu canh quan cdy xanh tai cac khu vuc diéu
tra theo chiéu cao khong gian va bén mua trong nim. Cin ctr vao cac vin ban phap luat hién
hanh cua B xady dung c6 thé phan loai cdy xanh tai 40 khu vuc diéu tra thanh hai nhom: cay
xanh st dung cong cong tai cac khu vue dai tudng niém, vudn hoa, duong phd; va cdy xanh
st dung han ché trong cac khu ¢, khu thuong mai dich vy, truong hoc va khudn vién Chua.
Canh quan cdy xanh dugc phdi két da dang vé thanh phan loai mang lai hiéu qua cao trong
trang tri canh quan va phu hop véi chiic nang cua tung khu vuec.

Khu vyce diéu tra con ton tai viée sir dung mot s6 loai cay trong danh muc cdy xanh
han ché sir dung theo tiéu chuan qubc gia TCVN 9257-2012 va TCVN 8270:2005. Nhirng loai
cdy thudc nhom han ché st dung nay can phai c6 ké hoach trong thay thé; 1ap ké hoach va t6
chire thye hién chiam soc, duy tri cay xanh do thi phu hop s& gop phan néng cao chat luong
canh quan va méi trudng ciia khu vuc nghién ciru, timg bude nang cao chat lugng va phi hop
v6i dinh hudng phét trién khong gian trong Quy hoach chung xay dung thu d6 Ha Noi dén
nam 2030 va tim nhin dén nim 2050 cta thanh ph Ha Noi.
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ABSTRACT

In Vietnam, sugarcane is an important crop used as a raw material for sugar
production. At present, many sugarcane growing areas are under effects of drought and
saline stress, which adversely constrain the sugarcane. This study aimed to determine the
individual and combined effects of these abiotic stress on the growth and physiology of
sugarcane.

The pot experiment was carried from April 2020 to October 2020 under net-house
conditions at Faculty of Agronomy, Vietnam National University of Agriculture, Trau
Quy commune, Gia Lam district, Hanoi. Experimental design is randomized complete
block design with three replications. Four treatments included T1 (non-stress/control), T2
(drought stress), T3 (salt stress) and T4 (salt-drought stress). At stress period, fresh water
was applied daily by full water loss for T1; 50% of water loss for T2; 50% of fresh water
and 50% NaCl solution (50mM) for T3; and 50% of water loss using NaCl solution
(50mM) for T4 treatment. Stress period was from 13 to 19 weeks after transplanting. Then,
normal irrigation as control treatment was practiced until finishing experiment.

The results showed that under effects of stress, sugarcane growth was inhibited
with reductions in plant height, plant diameter, total leaf number, leaf area, SPAD, partial
and total dry weights. Under combined effects of salt and drought stress, growth and

physiological parameters were lowest.

Abbreviations: %; percentage; CV; coefficient of variation; DW; dry weight; Et al.; et
alii; FAO; food and agriculture organization; FAOSTAT; the food and agriculture
organization corporate statistical database; FW; fresh weight; GSO; general statistics
office; LA; leaf area; LRWC; leaf relative water content; LSD; least significant

difference; TW; Turgid weight; WAT; week after transplanting
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Sugarcane is believed to be one of the oldest industrial crops in the world. It is one of
the important crops supplying sugar and energy (Henry, 2010). In Vietnam, sugarcane is the
unique industrial crop planted to supply for the sugar industry, which could be grown in many
regions (from the North to the South, from North Central to Southeast) in Vietnam. According
to documents researching the history of Vietnamese agriculture, the ancient Vietnamese people
knew how to grow sugarcane since the Hung Vuong dynasty over 4,000 years ago. From the
Northern colonial period (from 111 BC to 930 AD), our people know how to process sugarcane
into sugar, molasses for use as alum sugar (Tran Van Soi, 2003). However, at present, some
sugarcane growing areas face difficulties due to the fierce competition with other crops and
the intensification of drought and saline penetration, especially in the Mekong Delta (FPTS,
2019).

One of the stress factors limiting crop growth and yield in many regions of the world
is soil salinity (Wahid et al., 1997; Shrivastava and Kumar, 2015). Saline stress affects plants,
causing stunted growth, slow growth, reduced leaf area, succulence, and maybe death in severe
cases (Courtney et al., 2010). Sugarcane is a glycophyte, which is fairly sensitive to salt stress
(Patade et al., 2008). When affected by salinity, sugarcane plants grow poorly and decrease
the yield. According to Patade et al. (2011), Shoot dry weight, leaf width, and protein content,
in salt-stressed sugarcane plants, was significantly lower as compared to the control plants.
Yunita et al. (2020) showed that sugarcane growth (Bululawang variety, 1-week old plantlet)
was inhibited including plant height, length of the root, the height of shoots, wet and dry roots,
and shoots weight were decreased by NaCl treatment (concentrations: S0mM, 100mM, and
150 mM). The higher the concentration of NaCl, the greater the damage. Bululawang
sugarcane was still tolerant to 50 mM NacCl, increasing concentration of NaCl to 100 mM
damage symptoms due to salinity were more pronounced, the plants were stunted and the
leaves were curled, and concentration of 150- 200 mM caused the plants to die (Yunita et al.,

2020).

Drought provides a bad effect on the growth of sugarcane and also decreases the yield
(Misra et al., 2020a). Sugarcane growth is highly sensitive to water deficit because it is a
relatively high water-demanding crop (Lakshmanan and Robinson, 2014). According to Misra
et al. (2020b), leaf length was marginally increased but leaf width was decreased in sugarcane
affected by drought. There was a decrease in total root weight, cane height, stalk diameter, and
the number of internodes of sugarcane affected by drought in comparison to normally grown

canes. Besides, average internodal length was also found to increase in drought canes, in

52



comparison to normally grown canes.

In Mekong Delta, sugarcane is grown from April 1 to June 30 (spring season) and from
November 15 to January 30 (winter season). Drought and saline penetration often occur from
mid-December to early February. Therefore, sugarcane is often subject to drought and salt
stress during the period from 8 to 9 months after growing (spring season), and from 1 to 2

months (winter season) (Vu Thi Thuy, 2015).

To find out the solution to reduce the effects of drought and saline stress on sugarcane
production, it is first necessary to understand the impact of drought and salt stress on the
growth and physiology of sugarcane. The study was conducted to get a better understanding
of the individual and combined effects of drought and salt stress during the early growth stage

on sugarcane growth and physiology.

Materials and methods

The experiment was conducted under net-house condition Faculty of Agronomy,
Vietnam National University of Agriculture, Trau Quy commune, Gia Lam district, Hanoi
from April to October 2020. Sugarcane seedlings were cut from a ten-month-old
sugarcane plant of ROC 10 variety from the Department of Industrial and Medicinal plant
Science’s collection. One-bud setts were cut from healthy stalk to soak into pure
limewater solution (2%) in 2 hours to protect from insects and fungi. After cleaning with
tap water, setts were transported into plastic trays and covered by soil mixture. Water
irrigation was done daily for 5 weeks. A five-week-old seedling was transplanted into
each plastic pot filled with 10 kg of soil mixture (alluvial soil after sun-drying and

threshing was well-mixed with dried sand and rice-husk ash by the ratio of 3:2:1).

The pot experiment was established by a Randomized Complete Block Design
(RCBD) with three replications. The experimental treatments include: T1: non-stress

(control); T2: drought stress; T3: saline stress; and T4: salt-drought stress.

Experimental pots were arranged in rows with a row distance of 1.2m and a plant
distance of 0.4m. The fertilizers including Urea, Superphosphate, Potassium Chloride
were used to apply for each experiment pot from 3 weeks after transplanting (WAT) until
to finishing experiment (Table 1).

Table 1. Fertilization schedule for each experimental (gram)
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N P20s K20 N P20s K20
3WAT 0.2 0.3 0.1 1WA 1.0 1.0 0.4
4WAT 0.2 0.3 0.1 12WAT 1.0 1.0 0.4
SWAT 0.4 0.6 0.1 13WAT 1.2 1.2 0.5
6WAT 0.4 0.6 0.1 14WAT 1.2 1.2 0.5
TWAT 0.6 0.6 0.2 15WAT 1.0 1.0 0.6
gWAT 0.6 0.6 0.2 16WAT 1.0 1.0 0.6
GWAT 0.8 0.8 0.3 17WAT 1.0 1.0 0.7
10WAT 0.8 0.8 0.3 18WAT 1.0 1.0 0.7
Source:  Modified according the
*WAT: Week after transplanting Sugarcane nutrient requirement
(Bachchhav, 2005)

Water was supplied as soon as transplanting for all pots. One control pot was
prepared to determine the daily water loss using a scale. Daily water loss was estimated
by the difference in pot weight between days. For the control treatment, water was applied
daily by full water loss (calculated by balance method). For the stress treatments,
irrigation was done as control treatment until 7 weeks after transplanting (WAT) then,
drought stress treatment: water was applied daily by 50% of full water loss; salt stress
treatment, NaCl was added into freshwater to applied for plants by full water loss; salt-
drought stress treatment, NaCl was added into freshwater to supply the plant with 50% of

full water loss.

The stress period was treated for 6 weeks (from 7 WAT to 13 WAT), then normal
irrigation as control treatment was practiced until the finishing experiment (recovery
period). During the experiment period, all tillers were removed immediately after

germination to keep only the mother stalk in the pot.

Data collections

From 5 WAT, the growth parameters including plant height, plant diameter, and
total leaves number of each treatment were collected at each one-week interval. In
addition, at 13 WAT and 19 WAT, the number of green leaves per plant was counted. At 7

WAT (before stress period), 13 WAT (after stress period), 19 WAT (recovery period); 3
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sample plants per treatment was randomly taken to determine:

SPAD: Using a SPAD 502 plus (Monita, Japan) to measure at the second top

visible leaf.

Chlorophyll fluorescence (Fv/Fm): by a Chlorophyll fluorescence meter (Opti-
Sciences Chlorophyll Fluorometer, Hudson, USA. Model OS- 30p) at the second top
visible leaf. Fluorescence determinations were performed between 09:30 AM and 11:00

AM, after wrapping the foil at any 3 points on the leaf for half an hour.

LRWC (Leaf Relative Water Content) was measured: 5 leaf pieces were cut with
0.64cm?2 in size and kept in a cool box; then quickly weighed the leaves fresh weight
(FW). After that, the leaf fragments were soaked in distilled water in the Petri dish for 8
hours, then pat dry the surface water, and determine the turgid weight (TW). The leaves
sample were oven-dried at 800C for 48 hours to determine the dry weight (DW).

LRWC (%) = [(FW-DW) / (TW-DW)] x 100,
Where, FW — Sample fresh weight; TW — Sample turgid weight; DW — Sample dry weight.
Leaf area: after measuring the SPAD, Fv / Fm, and LRWC values, all green

leaves of the sample plant were cut to measure the leaf area by leaf area meter (LI-3100C,

USA).

Dry matter accumulation (g): after separating all the leaves from the stem, stalks
were cut from the ground, and chopped into small pieces. Roots were cleaned with tap
water. Separated parts (leave, stalk, and roots), then, were oven-dried at 800C until

constant weight.

Total dry matter accumulation was calculated by the sum of leaves, stalk, and root
dry weight.
Specific leaf area (SLA) was calculated by the formula: SLA=A/M1 where A is

the area of all leaves of a plant, and ML is the dry mass of those leaves.

Brix (%): Brix of the juice sample of each sample plant was measured by a Brix

meter.

Statistical analysis
The data were subjected to analysis of variance (ANOVA) according to a Randomized

Complete Block Design using Statistix 8.0 package. Turkey test was used to compare the
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means.

Results and discussion
The effect of salinity and drought stress on growth and development of sugarcane

Effect of drought and salt stress on plant height, stalk diameter, and total leaf
number per plant is shown in Fig. 1 and Table 2. The result revealed that all of these traits
were reduced significantly under drought and salt stress conditions. Figurel shows that
plant height, stalk diameter, and total leaf number of sugarcane increased gradually

through tracking times. Initially, plants grew quite evenly.

During the stress period (from 7 WAT to 13 WAT), there was height, stalk diameter,
and total leaf number obvious difference between plants in the 4 treatments, all plants
under stress were lower significantly in height than control plants. The plant height of the
plants under salinity stress (T3) was higher than those grown under the drought stress
condition (T2), and the plants grown in the salt-drought stress conditions (T4) had the
lowest height. This has shown that drought and salinity adversely affect plant height. The
same trends were found in previous studies in sugarcane affected by drought stress (Misra
et al., 2020b; Khaled et al., 2018), and sugarcane affected by salt stress (Zhao et al.,
2020). The stem diameter of the drought-affected sugarcane was significantly smaller
than that of the control plant, especially those affected by salt-drought stress; but the trunk
diameters of salinity-affected trees were insignificantly smaller (Table 2). Similar results
were also obtained by Misra et al. (2020b) in canes exposed to drought stress. However,
there is research showing that drought-affected plants increase in diameter (Khaled et al.,
2018), which was not the case in our study. During this period, the effects of drought and
salt-drought stress on the total leaf number are also quite obvious, the plants affected by
drought and salt-drought stress had significantly fewer total leaf numbers than the control
plants, but there was no significant difference between the control plants and the plants
affected by salinity (Table 2, Figure 1). The least number of green leaves was found in
plants affected by salt-drought stress, followed by drought-affected plants, and then in

salt-affected plants.

During the recovery period (from 13 WAT to 19 WAT), the height of plants that

were affected by drought and salt-drought stress increased sharply, faster than the growth
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rate of tree height of trees affected by salinity (Figure 1).

Table 2. Plant height, plant diameter, total leaf number, and green leaf number of sugarcane across

4 treatments at 13 WAT, and 19 WAT.

13 WAT 19 WAT
Plant  Plant Total Green  Plant Plant Total Green
Treatment
height diameter leaf leaf height  diameter leaf leaf
(cm) (cm) number number (cm) (cm) number number
T1 (control) 1153a 2.6a 17.7a  14.0a  191.5a 2.8a 26.0a  17.0a
T2 (drought)  63.2c  2.2b 15.7b 9.0bc 162.3b  2.4bc 24.0b 15.0b
T3 (salinity) 87.2b 2.5a 17.0a 10.7b 151.2bc  2.5b 23.7b 15.7ab
T4 (salt-
472d 2.0c 14.7¢ 7.7¢ 143.0c  2.2c 23.3b 14.0b
drought)
CV% 6.12 2.02 3.08 8.98 5.13 4.34 2.83 6.21
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Figure 1. Plant height, plant diameter, total leaf number, and green leaf number of sugarcane across
4 treatments.

The reason was that at this time sugarcane was fully watered; the plant affected
by drought stress (T2, T4) enters the recovery phase and was no longer affected by
drought stress; plants affected by salt stress was still affected by salt stress due to residual
salt remaining in the soil. During this period, the total leaf number and the number of
green leaves of the stressed plants also increased significantly (Figure 1), and there was
no significant difference between them, however, the number of green leaves and the total
leaf number of these plants were still lower significantly compared with the control plants
(Table 2). The plant diameter of the stress-affected plants was still significantly lower
than the control plants, the lowest was the plants affected by salt-drought stress, then the
plants affected by drought, followed by the plants affected by salinity.

Drought and salt stress had significant effects on all investigated growth
parameters including plant height, plant diameter, total and green leaves number. In
general, the highest values were observed at plants in control treatment (T1) which
followed by saline stress (T3), and then drought stress treatment (T2). The lowest values

were observed at the plant affected by salt-drought stress (T4).

The effect of salinity and drought stress on SPAD value (SPAD Chlorophyll Meter Readings)
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of sugarcane
Values of SPAD of sugarcane at 13 WAT (after stress period) and 19 WAT

(recovery period) were given in table 3.

Table 3. Effect of salinity and drought stress to SPAD value at 13 WAT, and 19 WAT

Treatment 13 WAT 19 WAT
T1 (control) 49.5a 46.3a
T2 (drought) 42.3b 47.8a
T3 (salinity) 30.9¢ 43.2a
T4 (salt-drought) 35.5bc 42.0a
CV% 8.88 6.98

Results showed that drought and salt stress significantly affect the SPAD value,
the SPAD value was reduced when sugarcane was affected by drought and salt stress.
During the stress period, there was a significant difference among treatments on SPAD
values. The SPAD value ranges from 30.9 to 49.5. The highest SPAD value was obtained
in sugarcane grown in T1 (control), followed by T2 (drought stress), then T4 (salt-drought
stress), and the SPAD value were lowest at sugarcane grown in T3 (salt stress). At the
recovery period, generally, all treatments have a high SPAD value above 40 but the
difference among treatments was not significant. Another study also showed that under
the effect of water deficit at the stress period, SPAD values were significantly reduced

(Dinh et al. 2017a).

The effect of salinity and drought stress chlorophyll fluorescence performance indices (Fv/Fm)
of sugarcane
Values of Fv/Fm of second visible leaf from the top of sugarcane after stress period

(13 WAT) and recovery period (19 WAT) were given in table 4.

Table 4. Chlorophyll fluorescence parameters (Fv/Fm) of sugarcane under drought and salt stress

Treatment 13 WAT 19 WAT
T1 (control) 0.61a 0.72ab
T2 (drought) 0.57a 0.74a
T3 (salinity) 0.52a 0.71b
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T4 (salt-drought) 0.57a 0.73ab

CV% 32.04 2.19

After the stress period, Fv/Fm of all treatments were no significant difference. The
values of Fv/Fm ranged from 0.52 (T3) to 0.61 (T1). At the recovery period, the values Fv /
Fm were significantly different between T2 (drought stress) and T3 (salt stress) treatments.
The values of Fv / Fm ranged from 0.71 (T3) to 0.74 (T2). The highest values of Fv/Fm were
obtained in treatment T2, followed by treatment T4 then treatment T1 and the lowest values

of Fv/Fm were obtained in treatment T3.

The effect of salinity and drought stress on relative water content (RWC) of sugarcane
Relative water content (RWC) represents the state of the water balance of a plant.
The changes of leaf relative water content (LRWC) of sugarcane in this experiment were

given in table 5.

Table5. Effect of salt and drought stress on leaf relative water content (LRWC) of sugarcane

Unit: %
Treatment 13 WAT 19 WAT
T1 (control) 92.4a 96.2a
T2 (drought) 91.9ab 93.1ab
T3 (salinity) 84.3b 91.9b
T4 (salt-drought) 85.9ab 93.2ab
CV% 4.46 1.92

In general, across the treatments, LRWC differed significantly among treatments,
and LRWC decreases when the plants were exposed to drought stress and salt stress. After
the stress period (13 WAT) and at the end of the study (19 WAT), the highest value of
LRWC was found at T1 (control) while the lowest value of LRWC was found at T3 (salt-
stress). This proves LRWC was more affected by salt stress than by drought stress. In
addition, the data also showed that the impact between drought and salt-drought stress on

LRWC was not significantly different.

The effect of salinity and drought stress on leaf area
The effect of salinity and drought on the leaf area of sugarcane were shown in

table 6.
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Table 6. Effect of salt and drought stress on leaf area of sugarcane

Unit: cm?
Treatment 13 WAT 19 WAT
T1 (control) 3511.4a 7571.5a
T2 (drought) 2321.7b 5158.8b
T3 (salinity) 2146.1b 5382.8b
T4 (salt-drought) 1167.1c 3909.6b
CV% 7.16 15.97

The study has shown that leaf areas were significantly affected by different
treatments. After the stress period (13WAT), the leaf area of the stressed plants was
significantly lower than that of the control plants, the lowest was the plants affected by
salt-drought stress. At the recovery period, the leaf area of the stress plants was increased
and there was no significant difference between them, but their leaf area was still
significantly smaller than that of the control plants. In general, under the influence of
drought and salt stress, leaf area decreased. Leaf area was most affected when the drought
combined with salinity stress. Reduced leaf area is one of the characteristic features of
canes affected by drought (Shrivastava and Srivastava, 2006). Other studies also recorded
a remarkable decrease in leaf area under drought stress (Dinh et al.,2017a; Misra et al.,

2020b).

The effect of salinity and drought stress on specific leaf area (SLA)
The study has shown that under the influence of drought and salt stress, specific

leaf area decreased (Table 7).

Table 7. Effect of salt and drought stress on specific leaf area of sugarcane

Unit: cm’/g
Treatment 13 WAT 19 WAT
T1 (control) 71.5a 58.7a
T2 (drought) 61.3b 44.6b
T3 (salinity) 53.4c 46.8ab
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T4 (salt-drought) 41.3d 50.2ab

CV% 6.32 12.67

After the stress period (13WAT), there was a significant difference in the specific leaf
area between treatments, the specific leaf area of the stressed plants was lower than the control
plants, the lowest was found at the plants affected by drought-salt stress (T4). The specific leaf
area of the plants affected by drought (T2) was higher than plants affected by salt stress (T3).
At the recovery period (19WAT), the specific leaf area of the stress plants was increased but
remained smaller than that of the control plants. At this time, the lowest specific leaf area was

found at plants affected by drought.

The effect of salinity and drought stress to brix value of sugarcane

Table 8 represents the brix value of sugarcane in this experiment.

Table8. Effect of salt and drought stress on brix value of sugarcane

Treatment 13 WAT 19 WAT
T1 (control) 10.6b 14.0a
T2 (drought) 12.1b 12.0ab
T3 (salinity) 11.2b 12.6ab
T4 (salt-drought) 16.6a 9.6b
CV % 6.75 15.66

After the stress period (13 WAT), the brix values among treatments T1 (control), T2
(drought), and T3 (salinity) were not significantly different, and the brix values among
treatments T1 and T4 (salt-drought stress) were significantly different. Brix values ranged
from 10.6 to 16.6. Treatment T4 gave the highest brix value (16.6), followed by T2 (12.1),
then T3 (11.2), and T1 (non-stress) give the brix value lowest (10.6).

This showed that drought and salinity affect the brix value, plants affected by drought
or salinity, especially both, had higher brix value than the control plants. At the recovery period
(19 WAT), when all plants were irrigated as controls, the brix values of the stressed plants were
significantly lower than that of the control plants, the lowest was T4 (salt-drought stress).
Some other studies (Misra et al., 2016a; Misra et al., 2020a) also revealed that in drought-
affected canes were a higher amount of total soluble solids in comparison to non-drought ones.
In addition, there is a study that showed that when the increasing level of salinity the value of
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brix significantly decreased (Smita Kumari and Jha, 2018), which is different from our study.

The effect of salinity and drought stress to dry matter accumulation of sugarcane
As can be seen from Figure 3 and Table 9, there was an obvious difference in partial
and total dry weight of sugarcane in stress treatments with control treatment starting from 13

WAT.

After the stress period (13WAT), the different treatments affected significantly the
dry matter weight of sugarcane. Under the effect of drought and salt stress, partial and
total dry weight of sugarcane plants decreased. The dry matter weights of leaves, stems,
and roots of the stressed treatments were all significantly lower than that of the control
treatments. In which, treatment T4 (salt-drought stress) had the lowest total and partial
dry weight, the dry matter weights of leaves and stems of T2 (drought stress) was lower
than T3 (salt stress), while the dry matter weights of the root of T2 was higher than T3;
however, the total dry weight of T3 was higher than T2. At the recovery period (19WAT),
partial and total dry weight of cane in stress treatment was increased significantly but was
still lower than control, and the lowest was still the plant affected by salt-drought stress.
At this time, the total dry weight of T2 was higher than T3, in which, the dry weight of
leaves and stems of T2 is greater than that of T3 while the dry weight of roots of T2 is
lower than that of T3.

Table 9. Eftect of salinity and drought stress to dry matter accumulation of sugarcane.

13 WAT 19 WAT
Treatment Leaf Stem Root Total Leaf Stem Root  Total
49.1 114.1 187.8 129.0 374.3
T1 (control) 24.6a 43.9a 547.2a
a a a a a
38.0 22.4a 1135 1157 2043 33.7a
T2 (drought) 53.1b 353.7b
b b b a b b
. 40.2 122.5 1149 175.7 327.6b
T3 (salinity) 64.7b  17.6b 37.0a
b b a b c
T4 (salt- 28.4 130.5
357¢ 17.0b 8l.1c 77.3b 18.2b 226.1c
drought) c b
CV% 3.82 957 14.75 6.82 8.80 17.71 2436 14.33

Jangpromma et al. (2012) also found that drought stresses significantly root dry

weight after testing the response of sugarcane to a short drought period from 90 to 100
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days after planting and recovery at 10 days later. Dinh et al. (2017) found the same effect
of early drought stress on the shoot dry weight and root dry weight were decreased. Misra

et al. (2020b) also found total root weight of sugarcane affected by drought was a decrease.

Another study also showed that the dry weight of sugarcane, include: brown leaf,
stalk, and total shoot dry weight, was reduced under the influence of salinity; The higher
the salt concentration, the lower the dry weight (Zhao et al., 2020). It has been reported
that gramineous plants including sugarcane exposed to salinity stress had A remarkable
reduction in dry matter yield (Shomeili et al., 2011; Wattana et al., 2008; Sultana et al.,
1999).

In this study, the effects of drought and salinity on sugarcane are quite clear.
Drought and salt stress had significant effects on all investigated growth parameters
including plant height, plant diameter, total and green leaves number. In general, All
values of stress-tolerant plants (T2, T3, T4) were lower than control plants (T1). The lowest
values were observed at the plant affected by salt-drought stress (T4). Similarly, drought and
salt stress reduced the physiological parameters including leaf area, SPAD, LRWC, and Fv/Fm.
However, significant effects were found in leaf area, SPAD, and LRWC only. Leaf area, SPAD,
and LRWC values of the control treatment (T1) were highest whereas those values of T4 were
lowest. The partial and total dry weight of the sugarcane plant decreased under the effect of
drought and salt stress. This study showed that the lowest dry matter weight was found in
plants affected by salt-drought stress and the highest dry matter weight was found in control
plants. Drought and salt stress also had significant effects on Brix value which induced the
lowest values in T4 treatment (combined stress). The highest values were belonging to the

control treatment (T1).

In addition, it is necessary to repeat the experiment to stronger support for our
conclusion about the effect of drought and salt stress on sugarcane growth; further studies
should be performed on different sugarcane varieties to get a clearer understanding of the
response of tolerant ability of sugarcane on effects of drought and salt stress. And to get more
knowledge about individual and combined effects of drought and salt stress, further studies

with more different drought and salt levels should be carried out.
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