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Abstract : This research was conducted to investigate potential use of New Zealand spinach (Tetragonia tetragonoides)
as a new vegetable crop which will be cultivating in salt-affected soils including reclaimed land. Traditionally New
Zealand spinach has been studied to explore functional compound or salt removing potential. To cultivate the crop species
in the salt-affected soil widely, it is essential to obtain salt and soil texture responses under the controlled environment.
Fifty nine New Zealand spinach ecotypes native to Korean peninsula first collected over seashore areas, and primitive
habitat soil environment was evaluated by analyzing soil chemical properties from 32 locations. Different textures of
sandy, silt loam, and sandy loam soils were prepared from nearby sources of sea shore, upland and paddy soils, respectively.
Target salinity levels of 16.0 dS/m, 27.5 dS/m, 39.9 dS/m, and 52.4 dS/m in electrical conductivity (ECw) were achieved
by diluting of 25, 50, 75, 100% (v/v) sea water to tap water (control, 0.6 dS/m), respectively. Various measurements
responding to soil texture and irrigation salinity included plant height, root length, fresh weight (FW), dry weight (DW),
leaf parameters (leaf number, leaf length, leaf width), lateral branching, and inorganic ion content. was found to adapt
to diverse habitats ranging various soil chemical properties including soil pH, organic matter, exchangeable bases, EC,
and cation exchange capacity (CEC) in Korea. Responding to soil texture, New Zealand spinach grew better in silt loam
and sandy loam soil than in sandy soil. Higher yield (FW and DW) seemed to be associated with branch number (r=0.99
and 0.99, respectively), followed by plant height (r=0.94 and 0.97, respectively) and leaf number (r=0.89 and 0.84,
respectively). Plant height, FW, and DW of the New Zealand spinach accessions were decreased with increasing irrigation
salinity, while root length was not significantly different compared to control. Based on previous report, more narrow
spectrum of salinity range (up to 16 dS/m) needs to be further studied in order to obtain more accurate salinity responses
of the plant. As expected, leaf Na content was increased significantly with increasing salinity, while K and Ca contents
decreased. Growth responses to soil texture and irrigation salinity implied the potential use of New Zealand spinach as
a leafy vegetable in salt-affected soil constructed with silt loam or sandy loam soils.
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Fig. 1. Collection locations of New Zealand spinach ecotypes
native to Korea.
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Table 1. Analysis of 32 samples of habitat soil where New Zealand spinaches native to Korea were growing.

Accession Collection location oH oM P Exchangeable base (meq/100 g) EC CEC
no. (gkg)  (mg/kg) K Ca Mg (dS/m)  (cmol/kg)
1 6.8 47.0 283.0 1.0 12.0 5.5 1.5 21.7
2 7.5 46.0 167.2 1.3 12.5 4.1 3.4 17.9
3 6.7 48.0 98.5 1.3 13.0 83 2.6 26.9
6 7.6 46.0 505.2 0.9 13.3 5.5 2.1 19.7
7 7.1 39.0 37.1 1.7 10.4 3.9 2.4 17.3
9 Jeju Island 8.8 14.0 10.2 0.4 6.4 2.1 1.1 8.9
10 7.4 52.0 221.7 1.0 18.0 7.1 29 26.1
11 7.1 42.0 104.4 1.0 10.4 3.5 3.6 15.4
12 7.8 46.0 308.7 1.5 12.0 3.0 22 16.5
13 6.8 49.0 50.8 2.1 15.3 6.3 5.0 25.1
14 6.1 48.0 339.8 1.1 12.0 1.9 3.0 19.6
25 Jeonnam Boseong-gun 6.9 45.0 236.3 0.8 5.2 3.8 1.4 12.4
26 6.6 45.0 61.4 0.6 8.1 2.3 1.3 14.0
27 7.2 45.0 81.5 0.8 7.0 5.1 1.3 16.4

Jeonnam Jindo-gun
29 8.8 37.0 17.9 0.1 11.4 0.2 0.4 11.8
31 7.7 29.0 147.0 0.7 8.1 2.6 2.6 11.4
33 6.0 15.0 353 0.2 3.0 0.6 0.2 6.8
34 8.1 9.0 48.1 0.3 4.4 0.4 0.4 5.9
35 7.3 3.0 15.1 0.1 1.5 0.3 0.9 3.4
36 Jeonnam Sinan-gun 8.7 5.0 31.6 0.2 3.7 0.2 0.3 5.0
37 8.1 9.0 19.7 0.5 4.0 0.4 0.4 5.5
38 6.5 36.0 1691.9 0.9 7.0 2.5 1.2 13.6
40 7.1 46.0 106.3 0.7 14.6 7.1 32 225
48 5.3 49.0 200.1 0.6 11.3 39 1.7 25.1
49 Jeonnam Wando-gun 4.4 46.0 981.5 0.4 7.1 1.5 1.9 19.1
50 7.3 4.0 30.2 0.1 22 0.1 0.3 4.6
51 Jeonnam 6.3 48.0 154.3 0.9 24.4 8.8 33 38.9
52 Jangheung-gun 8.6 20.0 21.1 0.2 9.1 0.7 25 10.0
53 8.2 5.0 243 0.2 6.6 0.8 0.7 7.7
54 G ()J}Ts:::zun 8.1 22.0 101.2 0.6 113 25 13 14.3
55 7.5 44.0 300.9 0.6 11.2 1.2 0.6 13.2
56 Jeonnam Yeosu-si 6.0 50.0 299.1 0.7 234 7.8 2.9 38.6
Mean 72 34.0 2104 0.7 10.0 32 1.8 16.1
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Table 2. Determination of soil texture from different soil sources.
. Component percentage (%)
Soil source . - Texture
Sand Silt Clay
Seashore soil 94.6 4.1 14 Sandy soil
Upland soil 222 66.6 11.1 Silt loam soil
Paddy soil 72.3 253 2.4 Sandy loam soil

“sand: (sand depth/total depth)x100, silt: (silt depth/total depth)x100, clay: (clay depth/total depth)x100.
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Table 3. Plant height and root length measured at the beginning and end (13 WAT) of the experiment treated with different soil

texture.

Plant height (cm)

Root length (cm)

Soil texture

0 WAT* 13 WAT 0 WAT 13 WAT
Sandy 230 18.9¢ 8.9a 21.0b
Silt loam 2.5ab 41.1a 7.3b 24.0a
Sandy loam 2.9a 33.7b 7.2b 20.3b

“WAT: week after transplanting.

*Mean separation within columns by Duncan’s Multiple Range Test (DMRT) at P=0.05.
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Table 4. Leaf number, leaf length, leaf width, and lateral branch number measured at the end (13 weeks after transplanting) of the
experiment treated with different soil texture.

Soil texture Leaf number Leaf length (cm) Leaf width (cm) Lateral branch number
Sandy 2.2¢" 4.0b 2.4a 3.2b
Silt loam 15.0b 4.8a 2.6a 9.4a
Sandy loam 26.6a 3.5b 2.3a 8.6a

“Mean separation within columns by DMRT at P=0.05.

Table 5. Fresh weight and dry weight measured at the end (13 weeks after transplanting) of the experiment treated with different
soil texture.

Soil texture Fresh weight (g) Dry weight (g)
Sandy 12.4b° 1.9b
Silt loam 40.4a 7.8a
Sandy loam 41.1a 7.3a

“Mean separation within columns by DMRT at P=0.05.

Table 6. Plant height and root length measured at the beginning and end (7 weeks after transplanting) of the experiment treated
with different salinity.

. . , Plant height (cm) Root length (cm)
Salinity (dilution percentage)
0 WAT" 7 WAT 0 WAT 7 WAT
0.6 (0) 2.1¢" 41.5a 8.6a 17.5a

16.0 (25) 2.3bc 16.3b 7.8ab 9.3b
27.5 (50) 2.6ab 14.0b 7.9ab 12.3ab
39.9 (75) 2.8a 15.5b 7.1b 13.3ab
52.4 (100) 2.6ab 12.8b 6.9b 12.2ab

“Mean electrical conductivity of irrigation water (dS/m) and sea water dilution (%) to tap water (control).
"WAT: week after transplanting.
*Mean separation within columns by DMRT at P=0.05.
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Table 7. Fresh weight and dry weight measured at the end (7 weeks after transplanting) of the experiment treated with different

salinity.
Salinity (dilution percentage)” Fresh weight (g) Dry weight (g)
0.6 (0) 39.92" 5.9a
16.0 (25) 16.7b 3.2b
27.5 (50) 20.6b 3.1b
39.9 (75) 23.2b 4.4ab
52.4 (100) 10.3b 3.3b

*Mean electrical conductivity of irrigation water (dS/m) and sea water dilution (%) to tap water (control).

*Mean separation within columns by DMRT at P=0.05.

Table 8. Leaf number, leaf length, leaf width, and lateral branch number measured at 4 weeks after transplanting during the experiment.

Salinity (dilution percentage)” Leaf number Leaf length (cm) Leaf width (cm) Lateral branch number
0.6 (0) 22.8a 5.7a 3.1ab 7.3ab
16.0 (25) 16.5b 5.3a 2.9b 9.5a
27.5 (50) 8.5bc 4.8a 3.0ab 7.3ab
39.9 (75) 4.8¢c 5.5a 3.7a 7.0ab
52.4 (100) 4.8¢c - - 3.5b

*Mean electrical conductivity of irrigation water (dS/m) and sea water dilution (%) to tap water (control).

*Mean separation within columns by DMRT at P=0.05.
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Fig. 2. Mineral content absorbed by New Zealand spinach
irrigated with different salinity.
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