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Abstract

Aims Understanding the interspecific water relations is important for designing agroforestry systems. The objec-
tive of this study was to determine the water use strategies of component species in a walnut (Juglans regia)-woad
(Isatis tinctoria)/sicklepod (Senna tora) agroforestry system.

Methods Water sources of component species in a walnut-woad/sicklepod agroforestry system were investigated
with the technique of stable deuterium isotope tracing at a site of hilly area in Northern China during 2012-2013.
Important findings Results showed that the soil water content in the agroforestry system was 26.74% and
7.93% greater than in the pure woad field in the first half year, and 17.39% and 13.65% greater than in the pure
sicklepod field in the second half year (sicklepod growth period), in 2012 and 2013, respectively. The lowest wa-
ter content was found in the middle of tree rows, and the highest water content was found in the northern side of
tree rows or under the trees. In the soil layers measured, the pure woad and pure sicklepod systems had greater
hydrogen stable isotope ratios (6D value) of soil water than in the agroforestry system. During the period of woad
growth, more than half of the water absorbed by walnut was from the deeper soil layer (30-80 cm). In contrast,
the walnut trees mainly utilized shallow layer (0-30 cm) soil water during the period of sicklepod growth. These
findings suggest that walnut has a two-state root system: during the period of woad growth, shallow roots of wal-
nut are not active when soil is dry; whereas the sicklepod growth occur in rainy season, and the shallow roots of
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walnut are active and utilize more shallow soil water supplemented by rainwater. More than 85% of water used by
both the woad and the sicklepod were from the shallow layer soil. At the seedling stage, the roots of woad, cannot
grow into the deeper soil layer, and the absorbed water is completely from the shallow layer in the pure woad sys-
tem. However, 5.7% of the water absorbed by the intercropped woad was from the deeper soil layer in 2012, and
the proportion increased further (9.7%) in the following year when there was less precipitation. The results con-
firmed that hydraulic lift effect of walnut occurred on shallow layer crop in dry season, and this effect become
greater under drier conditions. Therefore, deeper roots of walnut improved water condition in the walnut-
woad/sicklepod agroforestry systems compared to pure crop systems. The walnut mainly utilized water from the
deeper layer to avoid water competition with the shallow layer. In the dry season, crops benefited from the water
provided by walnut roots through hydraulic lift. Walnut and intercropped plants exhibited water facilitation in the
agroforestry systems, suggesting that this configuration is a suitable practice in this area.

Key words agroforestry system; walnut (Juglans regia); woad (Isatis tinctoria); sicklepod (Senna tora); hydro-
gen stable isotope ratio (dD); interspecific water relation
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Fig. 1 Dynamics of climatic variables during the growth period in 2012 and 2013 in the study area.
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Fig. 2 Temporal variations of soil water content in different intercropping systems in 2012 and 2013 (mean = SD).
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Fig. 3 Vertical variations of soil water content in different intercropping systems in 2012 and 2013 (mean + SD).
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Fig. 5 The 6D value of rainwater in the study area in 2012 and 2013.
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Fig. 7 Differences in 6D value of soil water for different soil layers between different intercropping systems in 2012 (mean + SD).
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Fig. 8 Differences in D value of soil water for different soil layers between different intercropping systems in 2013 (mean + SD).
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Fig. 9 Differences in dD value of soil water at different distances to tree row in intercropping systems in 2012 and 2013 (mean +
SD). N1.5, N2.5, M, S2.5, S1.5 denote distances of 1.5 m, 2.5 m, 4 m to north side and 2.5 m, 1.5 m to south side of tree rows, re-

spectively.
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Fig. 12 Proportion of water sources for intercropped walnut (A), intercropped woad (B), and monocultural woad (C) in 2013.
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Fig. 13 Proportion of water sources for intercropped walnut (A), intercropped sicklepod (B), and monocultural sicklepod (C) in

2012.
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Fig. 14 Proportions of water sources for intercropped walnut (A), intercropped sicklepod (B), and monocultural sicklepod (C) in

2013.
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Fig. 15 The correlations between 0D value of soil water and soil water content in 2012 and 2013.
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