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R IE N K E AR AL, BRI A B T B AR,
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Responses of plant growth and nitrogen efficiency of Alhagi sparsifolia seedlings to

different water and nitrogen levels
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Abstract; The plant growth is generally co-limited by water and nitrogen (N) in desert ecosystems. Increasing global N
deposition necessitates to evaluate the response of desert plant seedlings against variable N and water input levels. As it will
affect the success of the degraded vegetation restoration and reconstruction. A two-year pot experiment was conducted to
examine the effects of water addition (drought, moderate water level, and high water level) , N addition (no N, low level
with 51 mg/kg, moderate level with 102 mg/kg, and high level with 306 mg/kg) and their interaction on seedlings of
Alhagi sparsifolia at the southern rim of the Tarim Basin. We analyzed the effects of water and N addition on the dry matter
accumulation, biological N fixation, and N efficiency of A. sparsifolia seedlings. The results showed that the effects of water

and N additions on dry matter accumulation and N absorption efficiency of different organs varied by years, but whole
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seedlings showed the similar trend in both years. Under drought treatment, low N addition significantly improved the dry
mass, N absorption efficiency and biological N fixation amount of A. sparsifolia seedlings, but all these decreased with the
increasing N rate. Interaction of water and N increased the dry mass, N absorption efficiency, and biological N fixation
amount of A. sparsifolia seedlings. Among all the treatments, the moderate water and N (102 mg/kg) was the best
combination to improve the dry matter accumulation, N absorption efficiency and biological N fixation amount. Water and N
additions tended to reduce the N use efficiency ( NUE). However, N addition significantly enhanced the biological N
fixation ratio under drought and moderate water conditions. A significantly negative relationship occurred between the NUE
and biological N fixation ratio only in the second year. The dry mass was significantly positively related with N absorption
efficiency and biological N fixation amount, except NUE and biological N fixation ratio. It suggested that A. sparsifolia
seedlings could adjust their N absorption efficiency and biological N fixation amount to adapt changing water and N

additions, and it could further affect the dry matter accumulation of seedlings.
Key Words: Alhagi sparsifolia seedlings; N absorption efficiency; biological N fixation; dry matter accumulation

TEFEBAES ARG, i TR A R G2 B SOR TR S i BB 1, IS AE SRR A
AR B TR, SR P2 BRI FH A0 A A7 SRR o 0o A LT e A 4 BRI R S I i - T )
AR MBI EL RS s 3 A 0 1 v P A R R A A6 ) S T s R A A K N A i 1 43 T T
S YR ZREVE RN BRI A SRR . E AT, ADTRE BN FE AR RO RIS AE S R M C 2
BT R , AR U XS R DU A3 I, (HL R BRI A 2 7 0 Wb = LA R 2 R A )
REAT WM D, RS ST AR A AR A R R A S S (] 803 7K By o) 7, o PR T ik 28T i o i 155
AR KRS, T HC S AR B J A A 4 A VR BAT B

TV IR AR BEIL S HA A 2SR ST, AR T S0 SRS [R] B R ) SRR Ay ey O A T 7 T 15 4 A 2 4
AE I EF AL K B, R X 224 A O AR K A1 R4 P e A AL Al R RS e R PR
TRFD IR AS ) A 35 S SRAR ) AT A SR B, B R A RS i 22 47 R A A DR, s B R
Y B L A RINE 2 X RIS A S R G D AR T RE A R T 2 AR R Y A K
RS, A BTSN N e TR B rP A ) S MHTRE D 235K, AN SR/ B B 38 ]
T A A B A BRSO R AR T o (EUR SRS h TR K B AMB A RS 2 %
NSNS IR B | BEAR 3K # HETAT 23 BRI K 43 b e LA B 5 0N S 2R3 Al 384 i x5
PN R A KA W A PR P S B S W T AR S T PR b R DU X AR A R R 1
P, T A A P AES R A 5 DX 3R ¢ 38 5 T PR R A K- (IR IR]RUEE S DA OC BT L2 W]
FOCRERS S B (145 M S5t A BE 2 A S B R -0 - SR 23 SR AR S B

BESER (Alhagi sparsifolia) , 22472 FLRF R ALY | 2 05 A 4 g 2 S -V D 385 ety b A9 DL 34 e A
Yy, AT B XN VD (A e A 2522 25 TR, o2 U0 B A R R 2l TSR, 70 25 3 3 Ol R R b 4% T
AR, BA T IZ B RO AN E, (HUREARR i T = 50 R B MK AN i N R AN B R M)
FIPERR R | 3% SRR BB A ™ 5, CARME S B A SR BEOHT , SR N T35 77 S B ) o2 A v 1 D7 325 25 i 9k e o
MRS B G, F X S SE R R 2 0o A b T AR B SRR R R AR R S
AR S 07 T8, B ST 11 B3 B B ¥ A2 [ AR ), (EUR R DB 58 Ak T SRV EL B st 22 4 [ &
A7 WA AR TS 1 %o ik S T A 2 1 R 3R R R 0 R T R {7
FIRTASEAT HRGE . D9t ANFTE RS e T UM R S R 2k PN SM ] ) 2L 252 S0 0 3, SR N Tl S0 0 ¢
BANR BK U AR RE | WIS 9 SR 20 v 0 o SRR AR I SURE T R WA 8RS A AR AR
J01 £ T8 SR 40 1 £ K DA A 0 [ SRR R BB TR R AR AL AR B e R RFAIE , 9545 SR 0] S B B2 R 4 1 L
DI i B E B S o U AR AT 5 R IR AR K A A A PR SRS MR 2
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1 #MRERHE

1.1 PRI HEN

RIS b A T HE TR VDTG S SR RN & 1) 3R 8 ) 50 A A5 2R 03 (80°43/45.9'F, 37°0120.7'N )
TR A 1340—1380 m, J& FHE ARG T2 X, AP RGEE 1.9 m/s, B RT 8 HARKKECH 40 d, b8
T AR 30 d, AEEAIR 11.9°C , B s SR 41.9°C , o B IR AR -23.9°C i AEK Z(4—9 H)
HFEIR N 21.8°C o AEBIREK AN 35.1 mm, H EZEPAE 4—9 A AEHZE K & ik 2595.3 mm, o6 HF-
B2 209 d, LR N KA 6.5 m, AR B0 AR G AR oK SR AN S AR TN B R A i B 2
HEKFERE SRR S AR AR /D, LASK SE R I5 o0 & IR R A A D i Z R8I ( Tamarix ramosissima ) FIAE
148 ( Karelinia caspica) ,

1.2 REsET

DI ZAR BT B 9% SR 2 il b it 35 SERIFP FIC4E 24 3, F 2013 4F 4 A 15 HEESR I E R
i A SIS I A T AR R . ARG 28 kg, 3B 8 BL, FRRLIREE N 1.5 em, FEFE M BEK . FEFNE A 1
SR R S RN A KRS R B R 1 Ak, 2 RHER E SN AN X 0—60 em )2,
138 pH o 8.3, AHLET S K 2.18 o/kg, B HLA BE HI & T I(E 510 0.17 ,0.49 14.6 ¢/ kg, SRALAL AL
B HKC R S AR 17.6 1.7 (145.7 mg/kg,

FTHAIT S A B, T 06 B0 R Al B A7 06 1) 8 B K i T Rk 6% A2 AT, T il B AR K ) 3 B K ok 10%—
139%™ R FRATIE 3 A /KA BE : FRIEK B (29 18% ) 19 30%—35% (T- 5403 W, ) (60%—65% (1
LRI AT W) Fll 80%—85% (TRIHALEE W, ) . 2 HRIZIE IV 498 & A (0.17 g/kg) W 4 MiliE K
AHEE(Ny) LA 51 mg/kg(FHHTF 12 ¢/m*) (N,) A 102 mg/kg(F 24T 24 ¢/m*) (N,) Flfm & 306 mg/kg
(F4TF 72 ¢/m?) (N,) o RITERBENLIX 433, 2 12 A48 Bl W, N, W, N, .W,N, .W,N, \W,N, \W,N, .
W,N, W,N, \W,N, . W,;N, \W,N, W,N,, &b 30 P8R,

SRHUN HARE R BV FE R 00 4 A A U R A 5 R (3 s SRUIE) AS [R] T i i)
PIUN 22 ok AR e JE B ZUE I E D S LA 16 0 el o E L 2005 [ U AR AL e
FRIE AR RO ARHE JESFRESE, JFHS ool B 0 £ RS B DAL, ARG 200 A 5%
DIRAF B 2 T AR R A ) B R S RS A BLIESE AL (Inula caspica) FNZ BB Hrp 2 AR M0 55 5% 3¢
SIHR TR R ST, W R BT, A e B A 2 LA, P 24 S B A 22 A ARG ol
FHEAT R BT ] A K A 34 B SE AR R] RS Ab BRFAE 8 L, R A T S Y R B 0 0 B A=
Yy [ U RE 130 T I HAE R 1009% 5 F R AT B[R 28 32 B2, PRI 0 K 98 e i 40 i 76 T /A o 47 B
5. RHRA A SR E SRR TR 37, AR A KM H e E T A Hoagland 5 71K .

HERE IR IR | BH4ESY 3 UK, 28 9I7E 2013 4EH1 2014 4ER9 5 A 25 H .6 A 10 HF 6 A 25 H#47, 4
U AE R B 173, KO AEFET 2013 4E 5 A 15 HIF4R, B 1 KR4 20:00 J TDR300 37K 731
¥ ( soil moisture equipment,Santa Barbara, CA , USA) il 5 /A [l Zb B %) + 35 7K & 1205 3 A5 10 38K 4 & 1
IRBIE KR (em®/em®) o BEE B 3 A 7K 43k B R A B 5 7K BT L2 51 0.079—0.093 em®/em® (W) |
0.167—0.183 cm’/cm’(W,) F1 0.232—0.249 cm’/em®(W,) o R ITEEEFEM 3 N/K A0 PR + 4 &,
AT RE P Ry K 434k B A AS B o — 350, - 4 B S A3, T AR [R) 7K 404 B ) 25 7 22 S 4/, 350 1.38
g/em’  MRIRZS TR T L B e A TR 20.3 L, B EANEHE KB AR Rk A E
H(g)= REHOKSER(g) - REEKE x RHER x 10°x KEE (1 g/em’) , PR EHOK > E =1
FH XTI E K (%) / (100~ HHEEIK ) . #h TR K S i H RS 7K & 430 3 21 4% A B T {3
IO T HAE ) 10 H R E5 R, AARBA S, TIREERY 4 A 15 H BRI IR
1.3 I FEhRS ik

7 A% 8 A IR AE KR N 9 A IR A KIEE , 2 AN R R BE i i e A v IR, TR LG AR R
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251 ITE 2013 4FF1 2014 4E9 8 H 25 HIFGR T, X W] BRI 43000 32.4 mm F1 13.4 mm , TR
RN AL 1.5 mm, i1 1 24 28 A i 20, DR bt o T G A S 56 7K oAb B ) 5% 5 /N, R AS T 25 1, R TRCR:
FEIT A AR EEVE Y 4 #RITARIC, BY T i BSR4 IR0 B 250 JF AR AR 0.15 mm G A iR B, 43 55 1
YRR ( AR < 2 mm) FUHAR (AR > 2 mm) , FESEA T IR ALUAS  7E 75 C ML B a5 5 AR &, Bir AR i
JER T FH H,S0,-H,0, 2% H i, R HBLRE AR E MY AR S E 2R T (%),

Z: AR T PN AR RO R A Sefilnt R S LRBRERI 2D, B —AbFHIE 10 MRYK SERIL 1
IURE 0 B REAS B — AN 150 7, Y00 Bt B BORESRETF AR e R . 2RI T R AT BT LLGRIIE B
BURERLTE 15 g 2247, BDER G SE R BUREAE R 24 4F 8 H il AT . FIrA M7 R4 5 3 B FH 2818 K wh v T4,
WK ARAEE T Jo B AFE A% 7E 90°C R 30 min, AR5 AR MEAR N AE 70°C FHET, BB #E ) , 4 3ad 100 H i+,
WAL, PTAFES N =B b BB 2= BeAs e [ R S0 50 5= (170 , A4l 200 A b 155 9% ge i X =
FEREI I A A A B 8N (%o) 1B, 11450 H 3% B il 4 v A9 2B 9 [ /UL 91 (%N, ), HOH B 15 B8 Shearer 1
Kohl > JHEAKXIT .

PN fyea = ( alsNrPf_BlsNﬁe]d )/ ( Serff_SlsNhydm )

For 9N, A7 Tl A ) [ SRR 1T ) 3 o AR ) A R R B 7 08, PN, AR S LY, B 5 0%
SEAI A K AEAH R R BE T ) 2 BRI B 85N B, 8" Ny, AR SR AN [F] 4b 21T 5% 58 0 40 i i 19 8PN 1B,
8 N, RRTETC AW PP FE K A IR JERIH 8N {H,

TSR 20y i 1) S8R AR A A e e P R S5

HanH AR BB (mg) = HAFE T B S H S A=
AW R (mg) = %N, }BER/ 2% 88 AR R

Forh e bR R BRI 25 25 B 203 SRR i iy S
1.4 Bt

AHIFFE o A RCR B ALIE A E AR (NUE) A ERCR . MY NUE & XA HE P Wi Ao U g
PR AR AR AR N IR B AR TR AU NUE (g/g) = &4V B/ BT mE+ & s/
PRAFE BRI, AHFFE A AT TR R BB R AR ARCE | B 28 B A RCR (mg/plant) = 45 4%
BRE BRI BRI ARCE R R R R SR AR AR BRI R AE 5% 5 4 v
B RUR0CR, 5 S Wi e A ) [ ORI AR 2R M 25 =R R BRI RICR

B3R FH SPSS 16.0 8 , B8R 7 227001 (one-way ANOVA) #4712 MAFEVK AL A 2257 8
HVERLS s FHBUE 2R 5 2253 (two-way ANOV A ) A6 55 7K 53 i 280 S A2 BAE FH XT38 B8 il 41 5 4 Jo A AR
K SEN R R person AH 4B 9% BE il 4 B T 40 0 o 55 R EUROR A W 1 U A A TR L B8R L3R R
FHRCRA A

2 ERESH

2.1 ARDKESME RIS T4 5 2

FESIAE KA 1 AF Ky R RIS XA RS B B vk 14 ot SB35 kA i 25 /K-, oK oA FH 45
i K s AL B I R 4 o R ARAE R B (B Al SR ¥ B R (R 1), TR, W,
N, LB B 25 HUAR AR AR T I i 34 0 2 e T LAl A 3, FUMUAR T4 i Az A B iR B b5 (B 1)
0 7K e I3 il RO AS [ T4 S R A A B AR R, et S T (AR T S A
£ W,N,ACBER it R I ZE T4 BB ik B e g, 43 0 e T B i A AR AL (W N ) =i 1.53 i 1.63 £, {0
5 W,N ACFE 2SR, AR T T W N ARBR RS (0 WN B 22 R R 2 Bk Tl 2
WAE WO N AL B iR B ey, W T i s ARAL BE (W Ny ) i th 1.57 A% (H5 W N, 2R 22 S J0A B
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Fig.1 Effects of different water and N supplies on the root dry matter accumulation in each organ of A. sparsifolia seedlings
No: A% No N3N, KAl Low N level; N, : 1 Moderate N level ; N, ; i %& High N level; W, ; -5 Drought; W, ; 17K Moderate water level;
W, : ¥V High water level ; B HEUE K- FE YA +FRUEIR (n=4) , RE/NE S5 R7R 40 P H) 22 5 .35 ( P<0.05)
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TEAHIERER 2 4F K3 R R BOK E S HAE IR AR 1 5t R AR 52 i 24 ik i . Kk -F, T 54
PFRBR W N ARBEXE S AR AN AR 1 TR B 8 B A, A it S04k B 2 v AR AR TN 2, B 2
FEARAAR T i RN S AR 2K 26 F T P DHLRR AR R R R o 4 I ot 2 3 o 34
Z 5 A 3975 W, N AR BN SA Bl iy, B 25 8 T AR s Ak B, Ferp DURLAR 9 ot AR AR B A K
25T B e TRt BUS W SN 5 AR, (BAE W,N LW, N AR SR 22 5 /N TE R A B T (W,Ny) i3
TRE, BRI AT B (W, N, ) X258 B AP s wi B B B it S0 A A R R R, A
PRRFE AL 2 DARAFGY IR GERA R85 B XK A A A A A R 17t B AN TR], JEHOR AR AR

F1 AEKEAEETRIENSETYWRERHONEAEZFESH(F)
Table 1 Two-way ANOVA results of effects of water, N and their interaction on the dry mass of A. sparsifolia seedlings ( F)

2013 4 2014 4F
b HLK Yk Kk S 4 .
s T T TR T
Treatments Coarse Fine Whole . Coarse Fine Whole
Leaf Stems Leaf Stems

roots roots plant roots roots plant
IK5> Water (W) 35.63"" 37.48 " 39.87 " 35.52"" 91.05"* 35.82"" 58.79 " 93.95*" 35.52*" 97.22*"
& Nitrogen (N) 16.11 %" 15.65*" 18.78 ** 5.127 34.81"" 10.50 " 13.89 " 21.21"" 5127 36.07 "
KA XA WxN 1.52 3.10* 18.74**  10.83**  9.68**  5.51°" 6.62**  37.17**  10.83"* 37.93*

* P<0.05, ** P<0.01

2.2 AEZKESAT BEGE R 28R

KA 1A K R BRI AN [RS8 SR A KA S 28 5 B Ak, b s oz I SR R ik 52
FPURRAZ AR BELW (£ 2) . TRFEMFTHEMA (W, N,) BER S T 258 i R, JEHIR AR Y
M SRRK A 2 T HLALA B P 2 (W N ) o i ZE R RR I SR A e 3 (e AR (15 W N Ak
ZE S AWt 2 (W N, ) ANF T8 80 B R RCR I B, EE B A IR (181 2) o AR 26 1F AR
TR O 2545 B AR IR RUSCR B B T B, b DA W SRR e e oy 355 7 W, N AR BT 1 ) fi
(05 WN AR B S AN SR AR T ARG BT 2 AR AIRE BRI SR A I R 3R T

*2 AAKEEETHRIENSERBLAEZNNEAEZFEST(F)
Table 2 Two-way ANOVA results of effects of water, N and their interaction on the N absorption efficiency of A. sparsifolia seedlings ( F)

2013 2014
b ] 4 % ] 4 %
Qb3 - 2 FHAR AR bk n = HLAR AR =k
Treatments Coarse Fine Whole Coarse Fine Whole
Leaf Stems Leaf Stems

roots roots plant roots roots plant
W 27.38"* 13.71*" 43.66"" 41.12*" 72.62"* 19.10*" 64.07 " 85.36 " 15.26 %" 91.68 "
N 17.09 ** 11.65*" 33.32" 3.58" 38.58 " 8.71 " 9.51"" 19.85*" 11.87*" 29.88 "
WxN 2.01 2.63* 19.58 ** 8.28 " 5.20%" 3.52*" 272" 27.71** 6.17%" 20.88 **

* Fe78 P<0.05, % /R P<0.01

TESE SRR A v AR AR 2 4F Ky VR BOK BAS H A IR AN TRl B RS AR W RBCR B 52, Hh
XM AR A i A W . T R4 T A W N AR BT 25 REAR B R U8R A 5 8 o, 8 it
FERERFEAIE . FOKAAE T, A OHUAR AR AR IR S0 3 32 Bt 20 e 1 T St & 48 n , #8 W, N Ab B
BB, ZJ5 SO TR 22 ABCRAE WoN AT BB, 22 )5 Bl 2 e 1 i AE AL AN ] 2 5 AR A A
W,N, A BN 28, RIS AF T A WoN, b B 25 S8R AT 2 4R T, A B AR kR U8R A
i EE A, FE = A TR
2.3 AFEPKEZMF T IESERIZ ) NUE

TEHH RS 1AR iR 25 RIARRIBERR Y NUE 532 8K 70 BUR KoK RS AR T 35 5200 20 AR B9
NUEALZZ 27K 70 26 0 B B35 2 ( 3) AT R AR AL B F it 7 A NUE f 5, 5 W, N, Ab B 2% 53 20 AN 1]
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Fig.2 Effects of different water and N supplies on the N absorption efficiency of A. sparsifolia seedling
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2, (ER G0 K e m e X s A RR AT i NUE (181 3) . 2569 NUE 76 W, N AP R fermy {55 W, N Ab 3
ZRARE, ML NUE 176 W N OB R i (5 W N, A W,ON, 22BN B, 400 NUE 5 R4 T
A, HAEIZAE B ASAZ i et 5 ), 34 0 7K et Rt 220 i U 25 R AIH: NUE, 84K NUE 78 W, N Ab 3T £
w5 WON, WONGRT W, N, 22 5 BRI T RLE SRR S5 NUE Z K R SR AR i B i AR
—,

FEGE BE AL A BER 2 4F i RORIZE R NUE Y52 87K 48 R E MoK RS BAE A B, MR 40
HERHERR Y NUE A 3Z 2R R FK E A EAE B R E MW, A NUE 78 W,N ARFE R i, (HYS WoN, 28538
Bk, 257 W N AR F NUE &35 5 AR B /K ZAN ) o 25 AR T H NUE, FHAR A0 AR () NUE 78
W N ALF R e HS WN, 222 AT, %EkE NUE WIZE WN BB F i (HES W N, 2B A B, Xk
FZK R 0 B 38 EAE SR A F BRI RS H A 25 B R vk NUE 9425

£3 FRKEHE TEIERSE NUE FEYE R GIMNEAERFTES(F)
Table 3 Two-way ANOVA results of effects of water and N addition on the NUE and biological N fixation ratio of A. sparsifolia seedlings ( F')

aH 2013 4 2014 4

Indexes Koy AR Ko AFR Koy AER Ko< EE
Water (W) Nitrogen (N) WxN Water Nitrogen WxN

i F* NUE Leaf NUE 47.15** 21.53*" 75.94** 40.27*" 9.26*" 16.92 "

2% NUE Stems NUE 331.74"* 35.65" 23.54"" 24.29"* 53.20"" 11.75*

HIAMR NUE Coarse root NUE 10.20** 42.65** 10.47 ** 2.69 5.13** 2.44*

44 NUE Fine root NUE 20.30 2.61 1.52 0.25 46.93 " 30.52**

ik NUE Whole plant NUE 16.58** 4.62%* 15.21** 0.62 16.44** 5.11%

) [ & Biological N fixation amount 62.0%" 18.6*" 5.8 58.6** 24.1** 13.9*

A= W) [ %8 L 9] Biological N fixation ratio 1.68 10.93 ** 5.07 " 0.97 62.40** 14.20**

NUE: BZFHRE N use efficiency; * P<0.05, # % P<0.01

2.4 AFIKESAET 9% 5604 v 0 A 4 W EURAE

FE 2 AMMERARD 35 36 R4 i A= B A R 232 2K o AR FUK B BAE R 252 mm ek 3 264
S i S35 (3 3) o FEAK A 2R A BA035 J 366 e 20 i 1 A 4 1 R 2 B S 38, (5L W, NG R W N 25 SR B I
(B 4), TREMF Tt nT 5 2214 i A 4 [ U, (E R it U 3 A R R s, rh a8k 40 it
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Fig.3 Effects of different water and N supplies on the N use efficiency of A. sparsifolia seedlings
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Table 4 The correlations among N absorption efficiency, NUE, biological N fixation amount, biological N fixation ratio and dry mass of A.

sparsifolia seedlings

2013 4 2014 4
- . 4+ A N 4+ A
U L AR VAT i L R P
T . Biological T . Biological
Indexes N absorption NUE .. N absorption NUE Lo
Dry mass . N fixation Dry mass . N fixation
efficiency efficiency
amount amount
Ve ES
S 0.99°* 0.96**
N absorption efficiency
NUE 0.53 0.40 0.37 0.11
Yy Ao .
R 0.86° 0.86"" 0.42 0.77** 0.87° -0.16
Biological N fixation amount
Al 1
DR LD -0.08 -0.10 0.10 0.41 -0.18 -0.02 -0.59" 0.47

Biological N fixation ratio

* P<0.05, ** P<0.01
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