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Effects of irrigation on plant growth and nitrogen use characteristics of

Calligonum caput-medusae Schrenk seedlings

HUANG Caibian'>* | ZENG Fanjiang'>, LEI Jiagiang'*>, GAO Huanhuan'?, XU Lishuai'’

1 Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumqi 830011, China
2 Cele National Field Science Observation and Research Station for Desert-Grassland Ecology, Xinjiang Cele 848300, China

Abstract; Water and nitrogen (N) are two primary factors controlling plant growth in desert ecosystems. Most studies have
focused on water stress resulting from the low rainfall and high evaporation rates in arid areas. However, irrigation has
become the main strategy for vegetation recovery in the southern rim of Tarim Basin. Many studies have shown that irrigation
is most effective when nutrients are not limited, and fertilization is most effective when plants are not water-stressed. In
addition, N not only affects drought tolerance through changing dry matter partitioning, but also plays an important role in
ecosystem functioning and vegetation succession. Therefore, the combined effects of water and N on vegetation recovery and
reconstruction in this area should be evaluated. We conducted a pot experiment to study characteristics of N allocation, use,
and resorption, and growth of Calligonum caput-medusae Schrenk seedlings under different irrigation treatments (4.6, 6.1,
7.7, 9.2, 13.0 kg/plant per irrigation event ). The results showed that the amounts of both N and dry matter per whole plant
significantly increased with increasing amounts of irrigation. However, C. caput-medusae Schrenk seedlings were infected

with powdery mildew at the high irrigation level (13.0 kg/plant). During the early growth stage, irrigation promoted dry
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matter accumulation in and N allocation to, assimilating branches. On average, these assimilating branches accounted for
39.5% of whole-plant dry matter accumulation and 66.1% of whole-plant N-allocation. During the late growth stage, stems
and older branches became the main organs for dry matter and N accumulation, on average accounting for 54.7% and 47.8%
of whole-plant dry matter accumulation and N accumulation, respectively. The dry matter accumulation in and N allocation
to stems and older branches was positively affected by irrigation at the end of the growing season. The plants allocated more
dry matter and N into assimilating branches in their early growth stage to obtain more photosynthates, and to stems and older
branches at the late growth stage to accumulate more energy for plant growth the following year. The root/shoot ratio of C.
caput-medusae Schrenk seedlings was markedly higher under dry conditions than under irrigated conditions. The mean value
of N resorption efficiency (NRE) at the early and late growth stages was 64.4% and 58.1%, respectively. The NRE was
positively affected by irrigation at the early growth stage, but negatively affected by irrigation at the late growth stage ( at the
end of the growing season). There was a clear seasonal variation in N use efficiency (NUE) , with a low mean value (120.5
g/¢) at the early growth stage and a high mean value (235.8 g/¢) at the late growth stage. Irrigation significantly enhanced
the NUE of assimilating branches, stems, and older branches, and roots at the late growth stage. Although the whole-plant
NUE increased significantly under higher irrigation levels, excessive irrigation did not increase the NUE. These findings
suggested that both N and biomass could be distributed to the most appropriate organ of C. caput-medusae Schrenk at
different growth stages to adapt to the arid and barren natural environment. Since plant growth and N use could be limited by
over-irrigation and water stress, medium irrigation levels (7.7—9.2 kg/plant) were appropriate for establishing C. caput-

medusae Schrenk seedlings in this area.

Key Words: Calligonum caput-medusae Schrenk seedlings, dry matter, N allocation, N-use efficiency, N resorption

efficiency
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Fig.1 Changes in dry matter accumulation under different
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Table 1 Changes in dry matter allocation proportion of C. caput-medusae Schrenk under different irrigation treatments

7H July 10 H October
Ak 3 B %  ZERER % . ML/ % A/ % ZERIERY % . MR/ %
- FHR/% o FR/%
Treatments Assimilating Stem and . Lateral Assimilating Stem and X Lateral
Main root Main root
branches older branches root branches older branches root
W, 31.7¢ 35.2a 17.5b 15.6a 12.6bc 47.8¢ 30.9a 8.9ab
W, 29.8c 28.1a 29.1a 13.1b 9.7d 48.6¢ 31.2a 10.9a
W 41.6b 32.8a 18.9b 6.7¢ 13.4ab 57.0b 19.9¢ 9.7a
W, 50.1a 30.3a 14.6b 6.5¢ 10.5¢d 62.4a 20.4c 6.7b
Wy 44.4ab 30.2a 16.0b 9.7bc 15.5a 57.8b 24.1b 2.7¢
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Table 2 Changes in nitrogen allocation proportion of C. caput-medusae Schrenk under different irrigation treatments

7 A July 10 A October
branches older branches root branches older branches root
W, 57.6¢ 29.2a 5.2d 8.1a 29.0b 43.5¢d 16.3¢ 11.2b
W, 60.1c 21.5b 11.3b 7.1a 21.5¢ 39.9d 24.8a 13.8a
W, 67.9b 20.5b 7.0c 4.7b 23.3be 60.3a 8.1d 8.3c
W, 77.9a 13.3¢ 4.8d 4.1b 26.6bc 46.0bc 20.3b 7.0¢
W, 67.1b 11.8¢ 13.4a 7.7a 32.3a 49.2h 16.4¢ 2.2d
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Fig. 4 Changes in N resorption efficiency under different
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Table 3 Changes in nitrogen use efficiency of C. caput-medusae Schrenk under different irrigation treatments

7 H July 10 7 October
st ek % ERER/ % . MR % Wk % ZERERY % bk %
o EMR/% o A&/ %

Treatments Assimilating Stem and Mai . Lateral Assimilating Stem and Root Whole
branches older branches am roo root branches older branches o0 plant
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