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Abstract: Over-grazing, mining, and inappropriate agricultural management practices combined with repeated drought
events in the Mu Us sandy land in northern part of Shaanxi, Northwest China, have caused severe desertification. This
landscape-scale degradation has significantly declined the possibility of natural ecosystem recovery. These conditions warrant
ecological restoration of these areas to allow the re-development of sustainable ecosystems. Seedling establishment is the most
crucial stage in a restoration project. In the Mu Us sandy land, restoration efforts might have been largely limited owing to
the soil moisture deficiency, temperature fluctuations, high light intensities, low soil fertility, competition, allelopathy,
herbivory, and wind. Several restoration techniques have long been used to alleviate these problems; however, their
application has been restricted by low seedling and plant survival as well as high cost. Thus, developing novel, low-cost,

and efficient restoration techniques is necessary. Plant-plant interaction effects provided by nurse plants can significantly
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increase or decrease the seed germination rates and establishment of seedlings under their canopies. Therefore, this study
primarily aimed to determine the ability of shrubs to be used as a restoration tool in the Mu Us sandy land. Two-year-old
seedlings of Pinus tabulaeformis and Pinus sylvestris were planted under the canopies of three shrub species ( Caragana
intermedia, Amorpha fruticosa, and Salix psammophila) or in open areas with no shrubs as a control ; the objective was to
determine whether the presence of shrubs facilitated the establishment of pine seedlings, which was assessed three times
over three consecutive growing seasons, in the Mu Us sandy land. The height and canopy spatial area of shrubs were
measured. The microclimate conditions (light intensity, air and soil temperatures, as well as soil moisture) were recorded
in the four microhabitats, that is, under the canopy of each of the three shrubs and in areas without the shrubs ( control).
The near-surface light intensity as well as air and soil temperatures were lower under the shrubs, which led to higher soil
moisture ; because of these conditions, the survival rates of P. tabulaeformis seedlings growing under the canopy of the shrub
species were higher than those of the seedlings growing in the control area (P < 0.05). However, the survival rates of P.
sylvestris seedlings were higher only under the canopy of A. fruticosa (P < 0.05). The survival rates of P. tabulaeformis and
P. sylvestris seedlings were the highest under the canopy of A. fruticosa (P < 0.05). Thus, the exotic species, A. fruticosa,
could be used successfully as a nurse plant. Increased plant height and canopy area of nurse shrubs might improve the
establishment of pine seedlings. The leguminous shrubs ( C. intermedia and A. fruticosa) showed continuous facilitation of
seedling establishment during moderate drought stress ( summers of 2012, 2013, and 2014) , but the presence of a dense
and small shrub, C. intermedia, reduced the rate of seedling establishment possibly because of the competition for light. In
2012, S. psammophila also facilitated seedling establishment, but an unknown effect led to a high mortality rate for
seedlings growing under their canopy. A noteworthy finding was that the growth of the two pine species was not inhibited
when they were planted under the three shrubs. Pine seedlings had the shortest leader shoot lengths in 2012, with light
intensity and soil moisture as important factors that controlled their length. The shade-tolerant species, P. tabulaeformis,
had a higher seedling survival rate than that of P. sylvestris. In conclusion, nurse-shrub facilitation can be used as an
effective restoration strategy in the Mu Us sandy land. However, the successful use of shrubs as nurse plants depends on
their origin and morphological characteristics and ecological effects; the selection of target species depends on their

tolerance of shade and their interaction with nurse plants.
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Fig.2 Annual survival rate of Pine seedlings under the canopy of shrub species or in open areas in three consecutive growth seasons
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Table 1 Results of repeated measurements GLM analysis on survival of pine seedlings

AR S YR A H WS Pinus tabulaeformis FEFHY Pinus sylvestris

Sources of variation df FEME F 5 L Sig. T EKKE F 253 W Sig.
A [A] Date 2 152.783 0.072 202.548 0.053

HJ ] 4E 5% Date xMicrohabitat 7 2.656 0.081 4.367 0.066

%2 Error 191

R Intercept 1 464.814 0.000 513.642 0.000
f#2E 5 Microhabitat 3 4.432 0.013 6.142 0.002
%2 Error 96

FHiE] = 2012 4F 2013 41 2014 4F ; AR R = 4745 CSSREER , UOMIANIT e Hi s n =35 P<0.05 AN FHHLIA R R

3.2 MM R AR T
TS FIRE T AL B A KPR ETE R B HEA ((6.96£0.61) cm F1(7.06+0.45) em) FITTREHL( (6.76
+1.10) em F1(7.25£1.57) em) [ TC I 325 55 (WL3R 2) , VAW DR B HE ARG T ARG i EARE K RAF IFR
ZEI0H
2 TR B AR e D PR 4 e A K B

Table 2 The leader shoot length of Pine seedlings under different microhabitats in three consecutive growth dates

TR KT B ] Time Fanm
Leader shoot length/cm Microhabitat 2012 4 2013 4F 2014 4F Mean
Mkl ok Caragana 4.11+0.18a 6.85+0.94b 8.36+0.30c
P. tabulaeformis seedlings LT R Amorpha 4.36+0.30a 7.9+0.83b 8.90+0.27¢ 6.96+0.61a
oM Salix 4.51£0.27a 7.38+0.52b 7.62+0.67b
FF @ Hi Open 4.58+0.52a 7.56+0.37h 8.13+£0.29¢ 6.76+1.10a
[ NI ¥ 4% Caragana 4.51+0.250/a 5.95+0.30b/« 6.03+1.03¢/B
P. sylvestris seedlings LT Amorpha 4.08+0.45a/« 8.82+0.50b/ 9.67+0.63¢/y 7.06+0.45a
VPHI Salix 4.31+£0.25a/ 5.36+0.32b/a 5.84+0.23b/a
FF & Hi Open 4.20+0.21a/ 8.10+£0.34b/B 9.45+0.51¢/y 7.25+1.57a

SR ARERR (n=3) s AT SCFBERIR A RN T] (2012 4F 2013 4EF 2014 4F) (8] 7776 2 35 12 25 5 | HE AR T B Mo 6] 77 A8 351 208 5 s AN
[6) 7 Jt - R A 2 SRR YDA ) b B 47 7 . 35 22 5% ( P<0.05 , Tukey test)
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Table 3 Results of repeated measurements GLM analysis on leader shoot length of Pine seedlings after three growing seasons

7 S Sfe e [ B R TS Pinus tabulaeformis FEF Y Pinus sylvestris

Sources of variation df Ti ERSE F 225 W E M Sig. J7 RS F 225 W #EVE Sig.
Hf 8] Date 2 38.82 0.002 20. 48 0.003
AR xf%2E 5% Date xMicrohabitat 7 5.65 0.078 4.367 0.036
%22 Error 204

HHE Intercept 1 4.81 0.042 9.07 0.000
#4358 Microhabitat 3 1.83 0.054 6.14 0.014
Error 24 350
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Fig.3 The compared analysis of height and canopy area of three shrub species
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Table 4 Correlation analysis on height and canopy area of dominant nurse shrub and survival and growth of Pine seedlings

o AN Pinus tabulaeformis FEFH Pinus sylvestris
MR \ . ‘ A
Correlation coefficient GERLES FERKE (ERGES FARRE

Survival rates Leader shoot length Survival rates Leader shoot length
5 B Height 0.681" -0.233 0.542" 0.110
TEMRTAIF Canopy area 0.568 * 0.246 0.631° -0.152
# WA 0.05 KF-
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Fig.4 The compared analysis of microclimate conditions under the canopy of shrub species or open areas
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Table 5 Correlation analysis on environmental factors under dominant shrub species and survival and growth of Pine seedlings

e YA Pinus tabulaeformis FET#5 Pinus sylvestris
THRFREL — — S .
Correlation coefficient ERTES FERARE GERCES FEHKE

Survival rates Leader shoot length Survival rates Leader shoot length

JEHRGE Y Light density 0.455* 0.275 0.504* 0.740 **
KSR Air temperature 0.075 -0.226 -0.241 -0.086
T HERE Soil temperature -0.082 0.056 0.119 0.366
HERE Soil moisture 0.382 0.464 0.246 0431°

s s i AR 0.01 K, = AR 0.05 K

4 Tig

4.1 DREMYIRREIEE

PR AT 2 ISR T2 R R T R A e e (B 2R R IR E Y TR T2
YeE R LA Hb i DO B S A E R R 38 B RS (The “ stress — gradient ”
hypothesis ) A {7 B R (9 P20 FIAE T AR 28 R G0 b AR b il X n sl A e E, G T T 5
Wi S RGP R E AW R SR A2 e . — S E U N ST L, (R T AT
J2 T A BRI Z R R RIS 52 R DR A AT SR R L i DO 0 R AR S A e
PEFIM20 NI S R AR S I ], 55— BB S8 3 DR S 8 L2 R, A e i 1 P 2
FGUET & RV S HEANT 26 SRR ANV R A, J2 75 200 5 P Al B (R A2 7 A AR R4
TEAR UYL I b, 15 TF AR LU, DR EACAT 2% SRR VDM, 530 0 T A &l i A A3 R (81—
2) i HAFEE 3 AR A I ] 8L, DR AR AR 4l i A7 T SR S BEA R — ELORFE AR (GR 1) M 4l 19 32
BAER KRR ARZBNG] (3£ 2—3) . AHFFEEAUET R T R e HITE R B R U A B S P2 AT
TER e —20 SR T AR AR, RIS AR vl AR S — Fof 37 2R ) 0 52 8 e 9 1 P AE B %
ESWE N0LieR 3/ -RoiNE L L
42 REHYINESE

TERREIRE TR, ] e 6 3 10 DR B AL 2 DG B, DR B ok IR TR B 5 457
— AL, A M ) Bl P R B A, A AT TRE S A e R B PR AR AR R
T AR, R 8ok 9 fr 5 R, (B A Z SR S 08 5 A 9 950 2 13 P A AR i 1 52 o 1) 431
FEO BRSNS, DR 2 AN KU VR T R, AR R R, R [l
AR Z AR L A0 SR s R (] 1) BEIA S AR S AR 1] DU B 5 50D M AR ik A2 v i
NREEPIR

TR (W PR IE 575 AR B R 0 08 5 800, TSZ M IR B RO R R AR Z Y AP R A HEA
£ 3 JEE R TR WS IF L5 MRS 80y T A 005 R0 S R A OG (3R 4) |, DRI O A R A A P ot JEE MRS R/ N S i DR 2
B, VFZRFTERMT B R0N — R LR M T OR AR A T 2 (AL 1 B8 3 K552 T KO S5 (R 7
YR A SR A DG RIS DR At 5 O AL 1 A 24 8N A O, 19 B LA B R g e B A A T
EHEL B J AT A 0 HE A T R 2 0B s ok A R HE AR T AR B 5 o SR R A A 2 A L A
AT AT T AR LB AR R (] 1—2) X ST AR R R — B (EEfT A PEE R S
SRR 2E 5 IR AN PP ASTRL

SHEMUE IR S EAL , FRC IR AU Lt BE#R i (18] 4a~b—c) . [RIN SRR AR 7 , T R
UK (& 3a-b) , X T4 T R4 AR AL T S0 R AIRS A I SRS AR B LA ] R 2 S8 R A
R LA R R IR AR (I8 1)
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L R SN ol /N S A L S e R A (1 v O F O s =4 PR S B W ol B o i:d A O A g (AN OB oY G
SRR Ay E BRI - PREREAR T S ISR B S AN L B A AFE R0 A G (3R 5) WAIESE T3k — a5,

MR T R EAT A PR, Y SR 2 8] AR AR AR R SE A 24 AR AR WK R SE e
ARPII(2012 4F 8 H ) VMg In T A2l B BTS2 (] 2) X2 A S FRE AR L, YoMt 2 R A 4l i
B S BT T AR RS BB AE IR A o (B AR AR AV S 2 T AR Al B ST R B B (IR 2) , R
KA EEWR/N (LR 2)  HR K AT GRS H (R ZEAS IR 5 th O AN e 2 |, 5 S £ ZE IR K = i v i
AR R R AR B PR, T T 458 S 00 SR A 5 I B VO A ARS 41 A3 AR A A2 A5 2 7 A A AR I 2400

SR, B S R VDML OR B HE R PTG T RO R A AR | R R R R ST R i AR E 1Y
AR BT AE SR TERART DT A T, 1 SRS AT SR SR TR A B 400 17 10 A 106 R 9 R (R VR (HL:
FEAC T MR BT AS S5 F /N L, HOeE )2 T A &0 1 76 A 5 01 BRAE T, — 7 R B 553 R A R D
BHEATEZ G A FDEE T2 AN . U5 T R AR Lb XTS5 — AR 41 B I A2 16 32 A e A
o SBAETFR  UOHIGE)ZE T ARG BAE T, B s Of B RE AR AL #EAE T, LI T e 2 A @A H L (H
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TP E) PR B O AU TR E ), B e T HARPFh BRI, el e 85 38 1Y H A 4t T B 4%
SRR B 5 75 . Gomez—Aparicio S5 F 5 2% B iRt BH 400 ot £ 75 400 194 i 1o EU AN T B Ay 2577
UG A7 A AR UEVE D, (5 H AR R 3155 IR 7 I A0 B P i, AT R S BRI Y AR5 v,
TMAAL A HA — BB A B, D AEAT S RV OE 2 M AA 2l i AT R B 2 S TRl (& 1),
T ELOG IR0 B 5 AR Sl B Y ERCK WA (R 5) |, X BT B 5 R VD HAR B 1 52 h IR AR b 1) 1B 425 2%
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