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Effects of drought on dry mass allocation and root system distribution of three shrub
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Abstract; To reveal the root system adaptative strategy of different shrub species to drought, three-year-
old field seedlings of three typical afforestation shrub species commonly seen in the north of China,
namely Ligustrum X vicaryi Rehd., Berberis thunbergii ‘ Atropurpurea’ , and Euonymus japonicus Thunb.
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were taken as research objects, the dry mass allocation of each organ and root system distribution of L. X
vicaryt, B. thunbergii, and E. japonicus in fully irrigated group (the control group, the average soil water
content is 85% of the maximum field capacity ) , naturally irrigated group (the average soil water content
is 70% of the maximum field capacity) , and severe drought group (the soil water content is 40% of the
maximum field capacity at the end of the experiment) were compared. The results show that except
proportion of leaf of L. X wicaryi in severe drought group is significantly ( P<0.05) higher than that in
fully irrigated group and proportion of leaf of E. japonicus in severe drought group is significantly higher
than that in naturally irrigated group, there is no significant ( P>0.05) difference in proportions of organs
of the three shrub species between different treatment groups. Most of differences in proportion of deep
root of the three shrub species are not significant between different treatment groups, only the proportion
of deep root of B. thunbergii in severe drought group is significantly higher than that in fully irrigated
group and naturally irrigated group; in addition, with the increase of drought degree, the proportion of
deep root of L. X vicaryi gradually increases, while that of E. japonicus gradually decreases. In terms of
the whole root system, most of differences in proportions of different functional roots of the three shrub
species are not significant between different treatment groups, only the proportion of transport root of L. x
vicaryi in severe drought group is significantly lower than that in fully irrigated group and the proportion of
transport root of E. japonicus is significantly higher than that in fully irrigated group; in addition,
compared with fully irrigated group, the proportion of supporting root of L. X wvicaryi in severe drought
group increases, while the proportions of transport root and absorptive root decrease; the variations of
proportions of functional roots of B. thunbergii and E. japonicus are opposite to L. X vicaryi. Notably, the
proportions of transport root and absorptive root in deep root of E. japonicus both gradually increase with
the increase of drought degree. The regression analysis result shows that with the increase of soil water
content, the proportion of supporting root of L. X vicaryi extremely significantly ( P<0.01) decreases, and
the proportions of transport root and absorptive root significantly increase; the proportion of supporting
root of E. japonicus significantly increases, but the proportions of transport root and absorptive root
decrease insignificantly; while the proportion of supporting root, transport root, and absorptive root of
B. thunbergii has no significant variation. The comprehensive analysis suggested that there are evident
differences in root system adaptive strategy of the three shrub species responding to drought, in which,
L. X vicaryi responds to drought via decreasing the proportions of transport root and absorptive root in the
whole root system and increasing the proportion of deep root, B. thunbergii responds to drought via
increasing the proportion of deep root, while E. japonicus responds to drought via increasing the
proportions of transport root and absorptive root in deep root. In comparison, L. X vicaryi is relatively
sensitive to drought, and more irrigation management is needed in early transplantation stage;
B. thunbergii and E. japonicus have strong tolerance to drought, and they can be planted together in
urban afforestation to increase water resource use efficiency.

Key words: shrub; drought; dry mass allocation; root system distribution; functional root; adaptative
strategy
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Table 1 Dry mass allocation of each organ of three shrub species
under different drought conditions (X+SD)"

KbFRZH? B Proportion of branch
Treatment
group?) LV BT EJ
FI 0.52+0.02a 0.50+0.06a 0.38+0.02a
NI 0.47+0.03a 0.52+0.06a 0.40+0.07a
SD 0.46+0.03a 0.55+0.04a 0.37+0.02a
AR T 5k Proportion of leaf
Treatment
group?) LV BT EJ
FI 0.17+0.01b 0.06+0.04a 0.21+0.03ab
NI 0.20£0.01ab 0.07+0.03a 0.17+0.02b
SD 0.24+0.02a 0.05+£0.02a 0.27+0.01a
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QbR Hi A7l Proportion of above-ground part
Treatment
group?) LV BT EJ
FI 0.69+0.01a 0.56+0.02a 0.59+0.02a
NI 0.67+0.03a 0.59+0.03a 0.57+0.08a
SD 0.70+0.05a 0.60+0.02a 0.64+0.03a
REFELE> R Proportion of root
Treatment
group2> LV BT EJ
FI 0.31+0.01a 0.44+0.02a 0.41+0.02a
NI 0.33+0.03a 0.41+0.03a 0.43+0.08a
SD 0.30+0.05a 0.40+0.02a 0.36+0.03a
LB T HRIEE  Root-shoot ratio
Treatment
group?) LV BT EJ
FI 0.44+0.03a 0.80+0.07a 0.69+0.05a
NI 0.50+0.07a 0.70+0.09a 0.86+0.31a
SD 0.44+0.10a 0.66+0.06a 0.58+0.08a

1>LV; %”lﬁ‘ﬁ Ligustrum X vicaryi Rehd.; BT: £ /NBE Berberis
thunbergii ‘ Atropurpurea’ ; EJ: & 7§ J_ F  Euonymus ]apomcus
Thunb. [FFIA R /NG ?t?@ﬁfxlﬁlifﬁfﬁlﬂ?&# B (P<
0.05) Different lowercases in the same column indicate the significant
(P<0.05) differences between different treatment groups.

DFL: FEAHEMEAL (3T R, 42734 3 /K B 5 R H ) 5K k1Y
85% ) Fully irrigated group ( the control group, the average soil water
content is 85% of the maximum field capacity) ; NI H 'wtm%?ﬁ( +
SFESE YA B KRR R K H TR ER K B 70% ) Naturally irrigated group
(the average soil water content is 70% of the maximum field
capacity) ; SD: R (286 45 R 1 398 5 K 8 S i ok HH 1]

K[ 40% ) Severe drought group ( the soil water content is 40%
of the maximum field capacity at the end of the experiment).
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Table 2 Vertical distribution of root of three shrub species under different drought conditions (X+SD) ")

SR HWER Proportion of shallow root WIZR Proportion of deep root
Treatment gruupﬂ LV BT LV BT EJ
FI 0.73+0.09a 0.64+0.03a 0.42+0.01a 0.27+0.09a 0.36+0.03b 0.58+0.01a
NI 0.69+0.05a 0.64+0.05a 0.53+0.02a 0.31+0.05a 0.36+0.05b 0.47+0.02a
SD 0.67+0.09a 0.40+0.06b 0.56+0.05a 0.33+0.09a 0.60+0.06a 0.44+0.05a

DLV. 4™+ vl Ligustrum X vicaryi Rehd. ; BT; £ /NS¢ Berberis thunbergii * Atropurpurea’

; BJ: &5 Dr Euonymus japonicus Thunb. G E] /N

R RN R AL HLZH 7] 22 57 1. 3 ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) differences between

different treatment groups.

DFL: S HEIRZE (X MR, 31 8 Kk 8y ok H 1) 57K 54 85% ) Fully irrigated group ( the control group, the average soil water content is 85%
of the maximum field capacity) ; NI; ISR IR ( S & K B o f ok H Ta) 57K 2 59 70% ) Naturally irrigated group ( the average soil water

content is 70% of the maximum field capacity) ; SD; B T 5241 ( 2545 A 4 585 /K 8 Sh f K H 145 7K 12 19 40% ) Severe drought group ( the

soil water content is 40% of the maximum field capacity at the end of the experiment) .
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Table 3 Distribution of different functional roots of three shrub species under different drought conditions (X+SD)"

JSLTiE) HRZ R AP SRR A T HIZ Mz b RIZ IR 5 L
Treatment Proportion of supporting root in shallow root  Proportion of transport root in shallow root  Proportion of absorptive root in shallow root
group? LV BT EJ LV BT EJ LV BT EJ
FI 0.63+0.02a  0.85+0.07a 0.77+0.0la  0.17+0.02a  0.04+0.02a  0.04:£0.00a  0.20+0.03a  0.10+0.05a  0.19+0.0la
NI 0.66+£0.07a  0.85+£0.03a  0.72+0.03a  0.14+0.03ab 0.05+£0.00a 0.03£0.00a  0.20+0.06a 0.10+0.03a  0.26+0.03a
SD 0.80+0.12a  0.78+0.0la  0.71+0.04a  0.06+0.03b  0.06+0.02a  0.08+0.0la  0.14+0.09a 0.15+0.02a 0.21+0.02a
R VIR I WU E R 1 TR R E
Treatment Proportion of supporting root in deep root Proportion of transport root in deep root Proportion of absorptive root in deep root
group” LV BT EJ LV BT EJ LV BT EJ
FI 0.49+£0.03b  0.74+0.08a 0.68+0.04a  0.27+£0.05a 0.08+0.03a  0.07+0.02b  0.24+0.03a  0.18+0.07a  0.25+0.02a
NI 0.58+0.08b  0.68+0.13a  0.60+0.13a  0.21+£0.03ab 0.10£0.04a 0.10+0.03b ~ 0.22+0.10a  0.21+0.09a  0.30+0.10a
SD 0.82+0.06a 0.82+0.05a 0.47+0.10a  0.11+£0.02b  0.05+0.03a  0.13+0.04a 0.07+0.04a  0.13+0.04a  0.40+0.07a
2 SRR TSR 1 SRR B FR R PR
2 roportion of supporting root in roportion of transport root in roportion of absorptive root in
A3 P f P f P { ab
Treatment whole root system whole root system whole root system
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DFL; FEOMEMRA (W R ZH | - B2 8 K H o fe K T )35 7K 42 1 85% ) Fully irrigated group ( the control group, the average soil water content is 85%
of the maximum field capacity) ; NI HARWFRL (4587 15 7K &2 o0 f5c K H ] 45 7K 2 19 70% ) Naturally irrigated group ( the average soil water
content is 70% of the maximum field capacity) ; SD T A (S04 TR I A S KR Sy g R [ap R K Y 40% ) Severe drought group ( the

soil water content is 40% of the maximum field capacity at the end of the experiment).
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Fig. 1 Relationships of proportion of different functional roots of three shrub species with soil water content
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