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Response of growth, biomass allocation, and physiological characteristics
of three afforestation tree species seedlings to water stress

Ma Zhaoqun, Zhang Xi, Zhang Luyao, Wang Ke, Han Lu, Wang Haizhen

(Tarim University, Alar 843300, Xinjiang, China)

Abstract: [Objective] This study aims to investigate the effects of water stress on the growth, biomass allocation, and physiological
characteristics of seedlings of three afforestation tree species, in order to screen for species with strong drought resistance and to provide
a scientific basis for water-saving and drought-resistant afforestation in arid areas. [ Method] Two-year-old seedlings of Elaeagnus
angustifolia, Populus euphratica, and Xanthoceras sorbifolium were subjected to four water treatments: 75%-80% of field capacity (CK),
60%-65% of field capacity (T1), 45%-50% of field capacity (T2), and 30%-35% of field capacity (T3). Seedling growth, physiological
and biochemical indices, and biomass allocation patterns under water stress were systematically measured, and the differences in the
responses of the seedlings of each tree species to water stress were analyzed. [Result] 1) With increasing water stress, the increments
in height and ground diameter of the three tree species seedlings generally decreased. Among them, E. angustifolia seedlings exhibited
the largest increments in height and ground diameter across all water treatments, and the three species showed the smallest reductions in
height and ground diameter growth under the T1 treatment; 2) As water stress intensified, the root, stem, and leaf biomass of the three tree
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species seedlings significantly decreased, while the root-to-shoot ratio (R/S) significantly increased. Among them, X. sorbifolium seedlings
exhibited the greatest increase in R/S, whereas E. angustifolia seedlings accumulated the highest root, stem, and leaf biomass across
all treatments; 3) With increasing water stress, chlorophyll content and value of photosynthetic parameters such as net photosynthetic
rate (Pn) and stomatal conductance (Gs) significantly decreased (P << 0.05). Notably, P. euphratica seedlings had significantly higher
valuse of Pn, Gs, and other photosynthetic parameters than the other two species (P << 0.05), while the water use efficiency (WUE) of
E. angustifolia seedlings was significantly higher than those of the other two species under the T3 treatment (P << 0.05); 4) As water
stress intensified, the malondialdehyde (MDA) content, osmoregulatory substance content, and the activities of superoxide dismutase
(SOD) and peroxidase (POD) generally increased across the three species. Among them, E. angustifolia seedlings exhibited relatively
higher chlorophyll content, osmoregulatory substance contents, and POD activity, while X. sorbifolium seedlings showed relatively
higher MDA content. [ Conclusion] Under water stress, the growth of the three tree species seedlings was inhibited to varying degrees,
with multiple photosynthetic indices significantly decreasing and stress-resistant physiological indices showing an increasing trend.
However, the three species were ranked in drought resistance as follows. Based on the comprehensive evaluation results using the

membership function method, the drought resistance of the three tree species seedlings ranked as follows: E. angustifolia showed the

%9

strongest resistance, followed by P. euphratica, and X. sorbifolium showed the weakest resistance.

Keywords: water gradient; suitable water; drought resistance; growth and physiological characteristics
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Table 1 Effects of water stress on seedling height increment of three tree species

PR, SR E ST ER (P <005 .

b fib 3 PR3 K & Plant height increment /cm
Tree species Treatment 30d 60 d 90 d
CK 13.344+1.00 bB (16.13%) 18.75+0.25 aB (22.68%) 21.65+2.00 aB (26.18%)
Pﬁ)ﬁ? T1 16.794+2.01 aB (19.13%) 19.854+2.00 aB (22.62%) 22.63+2.10 aB (25.90%)
opulus
cuphratica ™ 7344030 cB (7.78%) 8.9441.02bB (9.46%) 11254025 bB (11.82%)
T3 1.06£0.03 dB (1.00%) 1.67£0.10 ¢cC (1.58%) 2.154£0.10 cB (2.02%)
CK 15.924+1.00 bA (19.88%) 26.95+2.00 bA (33.65%) 32.28+1.02 bA (40.31%)
bES T1 19.38+1.01 aA (27.71%) 31.074+1.00 aA (44.42%) 36.184+1.05aA (51.73%)
Elaeagnus
angustifolia ™ 12344031 cA (14.87%) 18.2040.04 cA (21.93%) 20.7140.11 cA (24.95%)
T3 11.09£0.71 cA (16.23%) 17.224+0.12 cA (25.21%) 19.75+1.68 cA (28.91%)
CK 2.18£0.08 ¢cC (2.86%) 3.354+0.16 ¢cC (4.40%) 4.03£0.07 ¢cC (5.30%)
E R T1 4.70£0.08 aC (6.32%) 9.38+0.33 aC (12.61%) 11.00+0.33 aC (14.80%)
Xanthoceras
sorbifolium T2 3.60+£0.10bC (5.10%) 6.0140.04 bC (8.51%) 7.634£0.21 bC (10.81%)
T3 1.4940.08 dB (2.18%) 2.76+0.04 dB (4.03%) 3.68+0.26 cB (5.38%)

T RPN & btz ANE/NS ORI i (5] R RS F A B ] 2 R R (P < 0.05) 5 ANERE P RERIRE e [ F
A AN A 2 [0 2 R R (P < 0.05) o 55 NEF MRS KE. FRE.
The data in the table are mean values * standard deviation; different lowercase letters indicate significant differences (P << 0.05) among different stress treatments
for the same tree species at the same stress time; different uppercase letters indicate significant differences (P << 0.05) among the same stress treatment for different
tree species at the same stress time. The numbers in parentheses indicate relative growth. The same below.

R2 IKSTEMER 3 ML EIE K BN

Table 2 Effects of water stress on seedling ground diameter increment of three tree species

W 214K & Ground diameter increment /mm

il b3

Tree species Treatment 30d 60 d 90 d
CK 1.0540.02 bB(16.46%) 1.69£0.05 aB(26.49%) 2.0440.06 aB(32.00%)
Pjﬁj?us T1 1.2140.02 aB(18.33%) 1.6510.08 aB(25.00%) 2.0710.04 aB(31.36%)
euphratica T2 1.2540.02 aA(20.10%) 1.6010.04 aB(27.01%) 2.0240.04 aB(32.48%)
T3 1.0440.06 bA(15.27%) 1.361-0.04 bB(19.97%) 1.5740.03 bB(23.05%)
CK 1.4940.04 aA(20.19%) 2.9740.30 aA(40.24%) 3.7240.07 aA(50.41%)
Eljfa?;us T1 1.28 £0.04 bA(16.26%) 2.77£0.01 aA(35.20%) 3.9240.08 aA(49.81%)
angustifolia T2 1.06+0.01 dB(12.94%) 2.0710.01 bA(25.27%) 2.961+0.18 cA(36.14%)
T3 1.124+0.08 cA(16.70%) 2.1940.02 bA(32.64%) 3.2340.10 bA(48.14%)
CK 0.5140.02 bC(3.19%) 1.00%0.03 aC(8.40%) 1.3940.03 aC(12.55%)
Xazgfms T1 0.3540.02 ¢C(1.99%) 0.9440.09 aC(8.15%) 1.4140.04 aC(13.06%)
sorbifolium T2 0.4810.02 bC((3.09%) 0.76+0.05 bC(6.30%) 1.11£0.07 ¢C(10.46%)
T3 0.7240.04 aB(5.38%) 1.0140.04 aC(10.42%) 1.2540.10 bC(14.58%)
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FERE AR R R EE T REE (P <0.05) .
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Table 3 Effects of water stress on seedling dry matter distribution of three tree species
JHpIE I [ A Ko Ab B A= YR A )
Stress time /d  Tree species ~ Treatment Root biomass /g Stem biomass /g Leaf biomass /g

CK 8.14+£0.47 bC(32.92%) 12.314+1.29 abB(49.77%) 4.28+0.30 bB(17.31%)

- Tl 14.714+2.39 aB(47.78%) 10.88+1.21 bC(35.35%) 5.1940.31 aB(16.87%)

T2 15.66+1.08 aA(44.98%) 13.68+1.23 aA(39.28%) 5.48+0.50 aA(15.73%)

T3 10.26£0.39 bC(51.06%) 7.511+0.48 cB(37.40%) 2.324+0.27 ¢B(11.54%)

CK 10.67+1.13 ¢B(29.83%) 16.234+0.77 bA(45.37%) 8.8711.23 aA(24.81%)

60 - T1 24.01£0.36 aA(43.27%) 21.59+1.13 aA(38.91%) 9.891+0.91 aA(17.82%)
T2 11.10£0.47 cB(46.25%) 8.831£0.38 ¢B(36.77%) 4.08+0.21 bB(16.99%)

T3 21.0411.36 bA(49.88%) 15.8841.64 bA(37.66%) 5.261+0.40 bA(12.46%)

CK 16.724+1.48 bA(58.85%) 10.16+1.52 bB(35.78%) 1.5340.29 bC(5.37%)

L Tl 26.3442.03 aA(59.27%) 15.26+1.72 aB(34.34%) 2.8440.36 aC(6.39%)

R T2 17.61+1.27 bA(57.29%) 10.74+1.29 bB(34.95%) 2.384+0.38 aC(7.76%)

T3 18.05+1.51 bB(69.72%) 6.6111.13 cB(25.52%) 1.231+0.23 bC(4.76%)

CK 22.9141.89 beC(51.14%) 15.03+0.83 aC(33.54%) 6.8710.29 aB(15.32%)

_— T1 27.28+1.96 aC(56.02%) 15.64+1.12 aB(32.12%) 5.78 £0.53 abB(11.87%)

T2 23.9742.94 abC(54.79%) 14.24+2.92 aB(32.54%) 5.54+1.31 abB(12.67%)

T3 19.4540.84 ¢C(49.02%) 15.2540.29 aB(38.42%) 4.981+0.20 bB(12.55%)
CK 43.1411.83 aB(41.57%) 41.7413.42 aA(40.22%) 18.90+0.88 aA(18.21%)
108 ke Tl 37.82+1.57 bA(45.15%) 32.1542.03 bA(38.38%) 13.7941.14 bA(16.46%)
T2 26.50+1.18 cB(42.10%) 26.011+1.70 cA(41.34%) 10.424+0.07 cA(16.56%)

T3 22.27+2.04 dB(45.61%) 19.34+0.70 dA(39.62%) 7.21£0.09 dA(14.76%)

CK 55.7713.46 aA(64.62%) 23.8841.23 aB(27.66%) 6.6610.69 aB(7.72%)

o T1 33.22£1.98 ¢B(62.49%) 16.78 £1.32 bB(31.57%) 3.160.11 bC(5.94%)

e T2 46.531+3.32 bA(67.29%) 18.30%1.76 bB(26.46%) 4.324+0.28 cB(6.25%)

T3 29.78+0.22 cA(73.83%) 8.12£0.09 ¢C(20.13%) 2.4410.32 ¢C(6.04%)

TSN TAS ST A E ARG . The numbers in parentheses indicate the proportion of each organ's biomass to the total biomass.
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Fig.2 Effects of water stress on seedling photosynthetic characteristics of three tree species
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Effects of water stress on seedling protective enzyme activities of three tree species
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X£4YE SB 0.39 1.00 0
A& LB 0.41 1.00 0
MRy R/S 0.05 0 1.00
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AL T SP 0 1.00 0.28
Jili % Pro 0.22 1.00 0
% MDA 1.00 0.18 0
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