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Response of the root morphology of Nitraria tangutorum seedlings to precipitation

pattern changes
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Abstract: A global climate model has predicted changes in precipitation patterns, with extended periods of time between
precipitation events; larger individual precipitation events are expected to increase. Furthermore, with global climate
change, local area rainfall patterns have also changed. Over 80 years, the annual precipitation in arid areas of central Asia
has generally shown an increasing trend. Such an altered precipitation regime will significantly alter the temporal supply of
water to desert ecosystems, and thus have important effects on ecological processes, which could ultimately affect species
composition and biological diversity. Root growth of seedlings is the most important stage in plant regeneration and the most
sensitive in the jplant life cycle to environmental conditions. The responses of root morphology to changes in precipitation and
therability of seedlings to adapt can directly affect the success of subsequent seedling establishment, and may affect
regeneration dynamics. Nitraria tangutorum, a super-xerophytic shrub, exhibits a strong tolerance for drought, cold, and
saline-alkali soil. The shrub vegetation type in which N. tangutorum is the dominant species is an important vegetation type
in the deserts of northwestern China. As a result, N. tangutorum is the key species for the revegetation of these arid and

semiarid areas. Most research has examined the impacts of the amount of precipitation on this species rather than the effects
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of both the amount and interval of precipitation. To understand how climate-driven changes in precipitation can affect desert
plants, especially the response of the root morphology to precipitation patterns change, we conducted a controlled
experiment with two factors: precipitation quantity ( natural precipitation as a control, reduction of 30% and increase of
30%) and interval ( time elapsed between two precipitation events; 5 or 10 days). The results showed that root
morphological characteristics were influenced by total precipitation and precipitation interval, the former playing a more
significant role than the latter. Under the same precipitation condition, the main root length, root diameter, root volume
and root surface area were decreased, total root length, root biomass, and total biomass were increased by extended
precipitation intervals, and specific root length ( SRL) and specific root area ( SRA) were considerably incréased by
45.09% and 20.20% in high precipitation, respectively, but the difference was not significant. For the same precipitation
condition interval, the main root length was increased by 12.06%, total length, diameter, volume and surface area were
significantly decreased, and SRL and SRA were basically unchanged in precipitation reduced by 30% conditions.) The SRA
increased significantly, but the other index differences were not significant. The main root length and root-shoot ratio were
largest in low precipitation, but others ( total root length, root surface area, average root diameter, root volume, root
biomass, SRL and SRA) were larger in high precipitation conditions. Eight characteristics of foot moerphology were analyzed
using principle component analysis. The characteristics of root biomass, total root length, total root surface area, SRL, SRA
and root volume were significantly affected by precipitation pattern changes. We suggested that the root morphology of N.
tangutorum seedlings was mainly affected by the amount of precipitation. However, the precipitation interval could be as
important as the amount of precipitation for the root morphology of N. tangutorum seedlings. Increasing the precipitation
amount and extending the precipitation interval (less frequent but higher yolume precipitation events) enhanced root growth

and population regeneration.

Key Words: precipitation; precipitation interval ; root morphological ;- Nitraria tangutorum
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Table 1 Total precipitation and precipitation interval setting in experiment

i ] AR I T '] e 441 o5 T Precipitation/mL BEIKIRIR
T Monthly mean Precipitation Watering
ime
¢ precipitation/mm interval W- W W+ frequency
7 H July 26.98 T 253 361 470 6
T+ 506 722 940 3
8 J1 August 20.85 T 195 279 363 6
T+ 390 558 726 3
9 J1 September 30.45 T 286 408 530 6
T+ 572 816 1060 3

T, K& TR EIFEHETE] & 5 d, mean precipitation interval of 5 days; T+, FEF [E]F@HF[A] 4 10 d, precipitation interval of 10 days; W, F-¥ F [ & mean
monthly precipitation; W—, 187K 30% water reduction by 30% ; W+, fill7K 30% water addition by 30%

1.3 HUE5IE
2014 210 H 6 HREAKFRARLE, BEER H F R8I TR MU AP R RS 1S5,
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R2 BEWENEWEARNEONEHNHHEEIRK RAEYEBRK BFHEZ RE[REAR ERKAOLRERZMANERTE
ST (F )

Table 2 Results ( F-values) based on Two-way ANOVA of the effects of total precipitation and precipitation interval on crown, basal diameter,
main root length, leaf biomass, stem biomass, aboveground biomass, belowground biomass, total biomass, and root/shoot ratio to the

unplanted half bucket area of N. tangutorum seedlings

WERBE e, RE . WRERP MEEmA WK Hee A
B B e T Y R ouami fgn AT g TOREBL RIS g
(HHE) . Gy YIERZ Root Specific Specific
Independent . Main root  Total toot Total Root/ Root
ariabl Variance length lensth Root biomas hoot Root ) surface  root length root area
vamable source ( df) one K biomass omass snoo diameter volume area (SRL) (SRA)
T 3 0.822 0.005 0.106 0.446 0.01 1.384 0.674 0.158 2.242 0.692
\ 3 4.607 " 4715 1.453 4729 " 480" 4.196 " 5.084 " 4.095" 2.386 8.537""
TXW 6 11.054**  0.682 0.615 0.005 2.84 0.215 0.464 0.59 2.453 1.79

x| FRBEKFE(P<0.05); * *«  FRMBFKFE( P < 0.01);T, K [ IS E 2% precipitation interval effect; W , & K& R f 500 total

precipitation quantity. effect
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BrR T[] K% 9 3 52 B AT LR T 1 352 A ( P>0.05) (R 2) o WAL 2 Bz A R) A R TR e A5 1 1, A28 ol i)
IR EIF [0 11 340 4 AR Y- 35 B AR ARARURIIAR 2 T R 80 R 30 HE U/ P 25 ks 34 s K T) 194 B2 T 1] o i ) o T i 2>
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FRURIRR 2 T80 R3S - 34 8 350800 31.5% 38.63% 37.84% ( P<0.05) ; [T L 1S T 309% fdi 3 V- 34 B4 ARARFFN
MR AT A H 22 2R | 2% (P>0.05) ,
2.3 AN[EIFENIAS SR 24T 20 HAR K A R T LAY AR 1k

N 2 FTLATE Y B RN 0 2 T AR A 5 M 3k B 8 25 /KO (P<0.01)  {ELFA T 18] B e ) K% 93 25 32 AR
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Fig.1 Dynamics of main root length and total root length of N. tangutorum seedlings in different precipitation patterns
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Fig.2 Dynamics of root volume, root diameter and root surface area of N. tangutorum seedlings in different precipitation patterns
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Fig.3 Dynamics of SRL and SRA of N. tangutorum seedlings in different precipitation patterns
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Fig.4 Dynamics of root:shoot ratio, root biomass and total biomass of N. tangutorum seedlings in different precipitation patterns
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Table 3 Principal component loading matrix

EiEta PRI FE A5 Extracted component

Parameter PCI PC2 PC3
SEEIMRK: Average root length 0.117 -0.241 0.424
MR Z A Root biomass 0.939 0.115 0:124
JBAREK Total root length 0.871 -0.455 0.282
SRR Total root surface area 0.931 -0.096 0.306
MR HAR Average root diameter -0.566 -0.156 0.772
HRAKFR Root volume -0.39 -0.117 0.864
LT Specific root surface area 0.182 0.900 0.297
HEAR K Specific oot length 0.116 0.942 0.116
FRAE(E Eigenvalue 3.042 2.023 1.813
TR Contribution rate/% 38.022 25.283 22.663

3 iFig
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