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Characteristics of nitrogen absorption, distribution, and utilization by Populus

euphratica seedlings under drought stress
MA Xiaodong, ZHONG Xiaoli *, SANG Yu

College of Life Science, Xinjiang Normal University , Xinjiang Key Laboratory of Special Species Conservation and Regulatory Biology , Key Laboratory of Plant
Stress Biology in Arid Land, Urumqi 830054, China

Abstract: Populus euphratica is a dominant species in desert riparian forests in the Tarim River Basin. The survival and
growth of P. euphratica seedlings is limited by water and nitrogen. In this experiment, a "*N isotope tracer technique was
used to explore the effects of different water and nitrogen levels on nitrogen absorption, distribution, and utilization by P.
euphratica at different growth stages. We studied the effects of nitrogen on the early morphogenesis of P. euphratica seedlings
and on the mitigation of drought stress to improve the survival rate of seedlings. Seedlings of P. euphratica were subjected to
four different soil water treatments (D,, D,, D,, and D, with relative soil water contents of 20%—25% , 40%—45%,
60%—65% , and 80%—85% , respectively) and three nitrogen application levels (N,, N,, N,: 0, 3, 6 g - pot™') and
then the growth index, nitrogen derived from fertilizer ( Ndff) , nitrogen distribution rate, and nitrogen utilization rate were
determined. The results showed that P. euphratica seedlings had the best growth performance when the relative soil water

content was 60—65% (D;) and the nitrogen application level was 3 g -+ pot”' (N,). Under drought stress, there were
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significant differences in the Ndff values of different parts of seedlings under different nitrogen application levels, and the
Ndff values were lower in the N, treatment than in the N, treatment. With greater soil water availability (D,, D,), the °N
taken up by the roots was preferentially transported to the above—ground plant parts during the early growth period (25 d).
The Ndff was the highest, especially in the root system, in the late growth period (75 d). The distribution of "N differed
significantly among different parts of the seedlings. The "N distribution rate was highest in the roots, but there was no
significant difference in the "N distribution rate among the N,, N,, and N, treatments. As seedling growth progressed, the
roots had the highest nitrogen utilization rate, and this rate was significantly higher in the D,N, treatment than in all the
other treatments. Our results indicate that adding appropriate amounts of nitrogen can enhance the ability of plants to absorb

nitrogen under slight drought stress.

Key Words: Populus euphratica seedlings; "N isotope tracer technique; distribution rate; utilization rate
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AHEAL I 2 B B SA A 4 1 A2 T S 30 A P45 DR B B ) P WA i i e 3 % T S B b
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1 HESF®

1.1 SEEboR

2016 4F 5 H i RITERS BRI R R AR A A MU IR PRkt /N S iR AT i, A R
30 em, 55 30 em MAEA SEBG I A 3 R R UESAAG RS /00 XU+, 5 2 mm i R BR A BOEHET T
R K . SEE YD R AR K &l 22.75% , W & 5208 0.467 o/kg, M & 8- 12108 21 o/kg, RS
PR 0.33 o/kg, ARUAT TN 12 mg/kg, A PR S B2 2493.6 kg/hm®(0—60 em +)2) ,pH 2128
8.4,
1.2 SEEidt

ARSI R 2 N AR TSI, B 4 KRR A AR 5 K 43 5 D 7 BT B 20%—25% (D)
& T2 40%—45% (D,) T 5 60%—65% (D) 1% K5> 80%—85% (D, ) , T4 H i /\ sk, K AL SR
AR R K AR AT — M 5 2 R RO R R 2 N B Y S K R S A K SR
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T T KA A TUE WA KT IR E 3 DM ARE B, ALK H NH,NO, i AR, it A AL B XTI 0 o/ 7
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e Sk BRZH AR AR [R] St i 28 0B K A A o) B

2016 -5 H 20 HAEFP  FE5510 5 (B, MAPA 1 AR, B V0 I IR T8 MK 2045 B8, ARIIE T 1
WA, 40 d FHATRRTN, A 4 DN EE FR S EOR & LA N NH,NO, K 8 mL, Xf FRZH 7R
SRR ZRIEK , ARG 3 d g7 T RENA S AbEE 75 d JRBORE, FIRAR 25 nF =3 AT HORE , 105°C
27 30 min, J5 & T 80CHEAH hpt T EfH F

1.3 ik
(1) AR HNFEMZE
SR JH 2900ET /NEL P By S Gl R R A B RO BE K BH AR S 2 280, P A T 2 el
(2) A=K HEME

FFAFRELE W o0 R R RAZ e FRAR 25 b =0 A0 A T RS W 7K e T T 2 B8 7K VO 7 i
105°C X7 30 min, J5 & T 80°C M AR it T 245 &, SR 5 MG E 0 T 0 Z — W Al A i, IF 0
WinRHZIO R 2 E1E B4k 14 ( Regent Instruments, Qué-bec, Canada ) X[ AR R K B R AR S F8 bR E 170 i, 4
R EARS A (d>2.0 mm) Z0H (0.5 mm<d<2.0 mm) M40 (d<0.5 mm) ZF HCEMR K ML,

(3) RIS EL

BEILIE B AR S 58 4 e TF M Fr (55 4,5 |) L EERERIRAUT , T 2016 4E 9 A 16 H R A il il nf-
22 54X (Junior—Pam) , A 9.00—18.00, &% 3 h il Sih N N i KZOEIH F, HIRTE F, L 5
5 F, AR 6 I, T IE Y H R 4.00 5500 & KIS N R NPIIGR 5O F, K56 F,, @it
BT B IE N N R OR R TR (F/F,)= (F,—-F,)/F,.

(DR BEREE

A R I R FH IR TR 5 VPRI, 76 R A 33 B LA G TR IS 9t it R 0.1
g BT R AR T, R TP 15 mL 80% INEAFITC /K L BEHR A PEBOR (RBLL R 1.1) , B b AT
6 N bR S B TROEH S FIR AR 48 b, R8T HE R RIAL R AR (1, R S e (0 5 48 40, FE Ahn] L4
HCEETH I3 IAE B 663,645 470 nm A0 E BOGEE (D) (H, THE M-SR o MR b SR NS PR,

(5) MR A B K

SR FH 0 OV FE 32 0 b R ARG Bk i, RO ek I 1R A ZE AR K R 36 h, (3 I W KOS AR FCR S, FREUH
AR PR 80°C TR AR ML B E 8, RER T3, A3 4 DA, i R A S K a = (i -
RFE) /(R E - 5 )

(6) °N FEE e

BT 52 B AR S S BIEA R B8 3 0,15 mm 577, 328 28 JH O 4 32 R 3000 2 AR | 940 2
0, FIE MRS RN FERE R R R 2 ) B, 76 b AR Y 0F 5% BT 4 FH 55 [ THERMO
Finnigan /A 7], 858 DELTA " XP [F{3 2 oG & , i8R0 F .

Ndff(%)=[FEF PN B FE% - AR FE (0.365%) /[ BERIHFEN B9FE % - [ 2R F ¥ (0.365%)
x100;

SYBLR = G AR N I AU (mg) /PN IR B U (mg ) X100

FIFHZ = [ Ndffx#H 2R (g) 1/t (g) x100;

BAR(g) = TYEHE(g) x 2A A E & N%o;

PN R (mg) = BEE (g) xNdff%x 1000,
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Wik AT SPSS 19.0 AT TT 2270 M7 (one-way ANOVA) XUH Z T5 227047 (two-way ANOVA) & 1.SD
22 T HUABORS 0 A 7 0 1) 22 5 B M (B KR 0.05) , 18 Excel BRPRHEA T 4500 A 2R 1) 12 45 5000 rh
FEH AR UER (SE) ROR

2 EREH

2.1 TREE T R E XY BRI

FE D, ST B3 E BOK, D A TR PR AR (B 1) o 78 D, A DB, I B ARG 235 7K B S5 1 (P<
0.05) , B X HTC B 520 5 B AE D, 03 B 4w v i AR 3 K, BB Ui N B 17 B
Ko SIS R AR BERS EW T R8T R8st A2 Sk a (B 1A) o T 5 ia pyhn 2 fi
PRI R TFrow F/F, B, DL F/F, B BALT HAMARE, 0255 83 (P<0.05) , {Hit &6
ew F /F, HAE DN, K E] 5 E K (B 1B) o 7E D, D, E (R &k, F 80 a8 SRz i)
WA B D, DI E R AERE I PIRN R 5 5 (P<0.05) , H DN, B IH-28 5 & B ik 24.72 mg/L, DN, I}
KA N R EEEIAH 4.20 mg/L, B, AZE N B N, AR TR LA 6 S mn(E 1c,
D).
22 TREWha T AEXHE R RS0

LR R AL S E R SR AE AR AE R R R T i R i it R e S e I S i AR i, D,
N D N G AWt 1 89.5% ;K43 78 B D, , G i AR W S A TR AR (1 2A) o RIS ZK 43 3R 55
KA EESE WA AT AR R AT EHEK XA S i B (P <0.01) |, Bl 38K 3 i e T e
R Ea A, D, AR S Fe e K, D B ARG L fe /)y , 6 B ™ 5 T R e R I BRBIAR =47 MR 240 T, A
FOU ARG L AN BH 5 (8] 2B)  (E AR KRR R T AL i K D ™ T 5 A ) 4l v AR K AR 2% 1 AR
EHARME, BIMA R 2 b2 FAK, Bf3K R B 38 T, AR RIES I e As 76 D, AR R B A i
FRGR B g5 5, IR I O N B AR R A BB, il T AR R ) AR A 4 AR 3R a1 R, A B T 1S s AR
HIWICHE ST o D3N, Z5F T, 48R (0.5 mm<d<2.0 mm) HRAHHR (d<0.5 mm) FF (& bG5B b 366, MHLAR (d>2.0
mm ) A=A T HAANEEZE (K] 2C .2D)

UEAh, Jr 2RI (R 1), BIEE K EXTAR 9 i A K A HR PR A R 5 m (P<0.01) , R E B
SEMAAEAR A (P<0.05) | [A]Bsf 5 245 1) 32 B A5 % 40 i ot B S EORLUEAE i AT B S 3 1520 ( P<0.01) , Ui FH
T HK AR ZE AL AR A EER R,

R1 HEREEMKFNFTESN

Table 1 Significance levels of analysis of variance on data

) ’ KN MR . S i

wewl Rk REE sgam o TR g ROVER T

AbH . o &K . optimal/maxial
Total Root Root Content of ) . Photosynthetic .

Treatment bi leneth hlorophyll Content of  Leaf relative photochemical
romass onet area crotophy carotenoid ~ water content rate efficiency(F,/F,,)

& Z Nitrogen(N) * % * * * % * % % % %

K5 Water( W) ok * % * % * * % # # * %

RE XIS NxW * % NS NS * NS NS o o

x WL P <0.05. = = M B3 P <0.01. NS @& P >0.05

2.3 TEWEE T AR B Ndff

FERRAS TR 43 Ndff 48453553 AR I IS 23 FE 21 A9 N A e X243 20 4 280 2 i PR DR %, S LA ok 4535
SIXFEN ISR TR RE T o SAAH N B AT A X N ISR IR BB T (NdIE) X 3 K ARk o URk . B
TR Uk 55 , 2 AR A Ndff 3 ke, SR T S 0a S A AR W, W AT N, N &8 T4
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Fig.1 The effect of nitrogen levels on growth parameter of P.euphratica seedlings under different drought stress
OF: EAR R 7 REFR R AR PR 22 53 13 (P<0.05) . Horfr, Dy AR & 7K R 209%9—25% , D, : HIST &5 K B 40%—45% , D, M & 7K &R
60%—65% , D, : AHXT & /K 80%—85%

BAT0 5 NAff 3 3540w, AL 7R IR B0E 2 A R LS A S e BE ) (& 3)

WA K AR EIRHI (0—75 d) £33 10 Ndff ZEH —E 19225, D, Ml D ALER | 41 19 Ndff 52 F&AI%
O HE TS d BHERAR (B 4) . JFE R N B, D, M D ANEE T W4 Ndff 76 50—75 d B3, 75 d B
Pk B) e (B 4A) 1 N ACFRRT D ACFR T 4 Ndff 76 A4 K5 R mi AR (1 4B)

L1 M b A HE R R He#, 25 d I b E AR Y NI 3 THL R # (P <0.05) |, FE B Hb B34
XN WA BE J758 (8 SA) 550 d B, b 3645 B4 1) Ndff 22 55 8 3% AUFE D, B 3843 /) Ndff
BEE T EE (K 5B) ;75 d B, #8409 Ndff 225 & o B384 R A R FEH TR A
PIEA L (E 50) .

2.4 TEWHE TSNS AR IR

ANFALBAAE T A2 i AR K BRI, JEEN Ao Bl Fe 22 5 3% (P <0.05) . i Ak 25d 5, i 1
AN B0 He A T R 304y, ELAE ™5 T W0 DI 48 3 5920 B R f s (K 6A) 5 S Ab B 50
d J5 AR PN 9 3 Be R b T SR e s T i AR PN B BRI RS (B 6B) . %))
HIALER 75 d J5 AR AR PN B BERAEARRIK A 5600 T T3040 38 8 T3 34y, X R L i Wl ) /L&
TEAER T BIRER 73 73 FC B R P Ik (18 6C) o BEASSCHR AL FRIT B, 4y L b 38 23 1) 0 A0 G R B2 ARt 34
M Hb T 3853 I 2R 4 B R A /N R A 388 o
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Fig.2 The effect of nitrogen levels on biomass and root morphology of P.euphratica seedlings under different drought stress
O EAR FREF R A F R 22 5 5.3 (P <0.05) ; QK B & C & D HR[E/NG FBEFRR A F T R Bl &0 T, AR A Z R 25 B
(P<0.05) s RRIKRG FHRFR MR R R AT AR T 50 e 225 2.3 (P <0.05)

RETEAG LT 45 28 B 2 18] B 1 B FLAE S e F
WIAMRIE R 25 B E (£ 2,P <0.05), Ak
TN R SRR IR (d>2.0 mm) 5, 2
1K, MR 540 (0.5 mm<d<2.0 mm) AHH , 4048 5 1)
R S P b - 458 B K 2 1% ek /D T S 3 (P<0.05)
D, B, iK% 28.20% ; 1 RHLAR WS AR A 18 Dk 45, 3X
U TRe i Y S N IR T P A IR 7 S =0 s T
R A TR AR A A 3 0 35 2 IR, AT sk 2D R AR
BB, AR (75 d) RSN 2B R T
WA M ARTELE AN AETREIRER, AT 5
JR3E R il S XA AR A5 8 B A N A3 R TG i 3 R
(P >0.05) , AT WL #4525 B Z M AR S LA AR 2
iR Al

6 -
—— N, y=0.4593x2-1.2595x + 1.1601 O
s L R2=0.9991 m]
---------- Na y=0.3824x2~ 1.1418x + 0.9145
R2=10.9248 o

PN S e RSB E S
Ndff value/%

K43 H6E Water gradien

B3 FEREETREXAFLHE Naff K50
Fig.3 The effect of nitrogen on the NdAff of P. euphratica

seedlings under different drought stress
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Fig.4 The effect of nitrogen on the NAff of P. euphratica seedlings in different growth phase under different drought stress

R2 TRLVEBTHHHYEEBIHNRRSEE( %)

Table 2 The distribution rate of P. euphratica seedlings under different treatments

AbF Treatment 4iHR Fine root HIAR Coarse root Z£ Stem it Leaf

D, N, 18.87+3.65abB 35.74+4.34cdA 11.46+1.25bcB 33.93+2.36abA
N, 28.20+4.57aA 28.95+2.18dA 5.30+1.70dB 37.55+5.32aA

D, N, 14.55+1.33bC 54.48+1.45aA 10.02+0.19¢D 20.95+0.81¢cB
N, 10.09+2.58bC 57.67+3.64aA 11.73+0.46hcC 20.51+0.76¢B

D, N, 13.51+0.94bC 42.48+2.95bcA 8.90+1.81cdC 35.11+2.04aB
N, 14.85+1.04bC 50.29+1.64abA 9.10£0.92¢dC 25.76+1.68cB

D, N, 16.99+4.60bC 41.46+1.47bcA 14.83+0.90abC 26.72+2.58bcB
N, 13.54+4.76bC 56.02+6.07aA 18.12+2.65aC 12.33+0.76dC

6] —FUA NG bR R 6] — Rk A B AN IR B R 25 5 3 (P <0.05) 5 Al — A7 AR R E FRFRAFEK G TR — A8 F 25 03 (P <
0.05)

2.5 TEE T S A G AR o 0 A = R TR

AR AR A RTEA R AE K225 B35 (P <0.05) A KHFTHI(0—50 d) , 4 AR A HIABE L
KAy RIS THE R 78 DN, I R DN, I BRI, 160 3K o0 e i (5 = i, Herp i 3R 0 1 M)
TS Z IR, I R R A REX E KA E— A (B 7A 7B) o 75 d B, BET 5B A BRI 4 A
R AR EFEL(P <0.05) ,D, N, B4 # 19" N R R AR, 7 DN, AL TR R 5w, EH T S2hE T
(D,N,) 3 AS[AA R S0 47 R 35 20 i R 380 v T b 43, 20 50l s 11 46.63% .52.59% ,14.06% , #H
[T R A nt, W R B E M A Z R, BRI N, BT N, , 20 Bt 205 3mA FH % mi
W ERFR(E 7C,P <0.05)

Y AR R R R R B T e S 2 B E N (P <0.05) . M7E DN, B AR A&, 8 D,
N HEINT 92.98% , i 40 A HHAR  ZE7E D, N, B & 55, 8 D, N, Ak SRR FH 2845 51138 i T 95.05% ,96.47% |
96.45% , 15iBH 1438 5 7K A3 A2 2E 40 i 00 AU Wi, R SR R R AR B 45 2R E R R S A
IR S > ZE AR R R R 23 5, 2R R R AR (£ 3)
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Table 3 The utilization rate of P. euphratica seedlings under different treatments

Ab 3 Treatment YA Fine root HHAR Coarse root Z£ Stem "t Leaf
D, N, 1.46+0.52¢B 2.45+£0.48cdAB 0.88+0.20dB 4.09+0.85cA
N, 0.10+0.02¢B 0.12+0.01dAB 0.04+0.01dB 0.19+0.04cA
D, N, 9.18+2.23hcB 27.27+4.56bA 2.28+0.34dB 7.35+£1.16¢B
N, 2.60+0.59¢B 10.47+0.66¢A 1.15+£0.18dB 2.62+0.31cB
D, N, 17.07+1.90bB 61.77+5.49aA 17.65+3.12bB 58.27+5.72aA
N, 2.67+0.49¢BC 8.83+0.88cA 1.60+0.26dC 4.59+0.73¢B
D, N, 29.48+8.96aC 69.47+2.43aA 24.79+0.96aBC 44.44+1.68bB
N, 8.32+4.04bcB 30.51+0.50bA 10.48+2.80cB 6.85+0.74cB
3 i
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