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Abstract: [ Objectives ] Drought stress is one of important abiotic factors limiting plant growth, adding nitrogen
exerts important alleviating effects on improving plant drought resistance. This study was aimed to investigate the
effects of different nitrogen sources on nutrient uptake and distribution of Cunninghamia lanceolata plantlets
under drought stress. [ Methods ] A hydroponic culture experiment was conducted with two superior Chinese
fir clones (No. 7-14 and No. 8-8) as study materials. The drought stress was made by adding 10% (w/v) PEG-
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6000 in the nutrient solution. Three nitrogen forms (NO,-N, NH,'-N and the combination of both) were setup in
the same concentration of 4.571 mmol/L. Nutrient content and biomass of root, stem and leaves were measured at
20 days since the beginning of culture. [ Results ] 1) The clones, drought stress and N forms had significant
effects on root N, P and K contents and leaf P content. Compared to normal water supplying, adding NH,"-N
enhanced total N and K uptake in leaves and total P and K uptake in stems and leaves; adding both N sources
promoted total K absorption in roots under drought stress. Adding NH,-N increased Ca uptake in roots and stems
under drought stress, but the Ca uptake in leaves was not changed. Drought stress had significant effects on Fe,
Mn, Cu, and Zn uptake in roots, and N forms had significant effects on Cu, Zn uptake in leaves. All the three N
source treatments showed inhibitory effect on the Mg, Fe, Mn and Cu uptake in organs, but NH,-N showed less
inhibition than NO, -N did. Compared to normal control, all the three N source treatments reduced Zn uptake in
roots but increased those in stems and leaves, implying that N supply could adjust the distribution of Zn in organs
and alleviate the occurrence of Zn deficiency under drought stress. The nutrient uptake varied significantly among
organs. Total N and P uptake was in the order of leaf > root > stem, K and Ca uptake in the order of leaf > stem >
root, Fe and Cu uptake in the order of root > leaf > stem, Mg, Mn and Zn uptake was not in consistent orders.
NH,-N uptake was in the order of leaf > root > stem, and it was significantly higher than NO, -N uptake in all
organs, which indicated that Chinese fir tended to absorb NH,"-N. [ Conclusions ] Under drought stress, nitrogen
supplying sources affect nutrient uptake and distribution of Chinese fir plantlets, but the effect varied among
nutrients and clones. NH,'-N performs better than NO,-N in improving nutrient uptake for Chinese fir plantlets
under drought stress, so Chinese fir is thought prefer NH,'-N nutrition.

Key words: drought stress; nitrogen source; Chinese fir plantlets; macronutrient; medium nutrient; micronutrient
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Table 2 Three-way ANOVA analysis of clones, water stress, nitrogen sources and their interactions on nutrient uptake of

different organs in Cunninghamia lanceolata plantlets (P value)

For WH OEMREMO AFTEEN TR (D) XN XD D N
Nutrient ~ Organ Clone N form Water stress

N i} Root 0.024 0.038 0.003 0.988 0.050 0.019 0.731
Z£ Stem 0.450 0.758 0.009 0.351 0.973 0.418 0.876
it Leaf 0.455 0.753 0.416 0.565 0.859 0.122 0.241
P i} Root 0.003 <0.001 <0.001 0.221 0.002 0.038 0.076
2% Stem <0.001 0.439 0.446 0.458 0.049 0.248 0.600
i Leaf 0.001 0.022 0.032 0.996 0.010 0.400 0.790
K 2 Root <0.001 0.050 0.009 0.569 0.040 0.428 0.727
Z£ Stem <0.001 0.624 0.912 0.730 0.236 0.114 0.666
it Leaf 0.427 0.122 0.147 0.202 0.898 0.060 0.913
Ca i} Root 0.958 0.050 0.528 0.736 0.865 0.050 0.633
2% Stem 0.041 0.442 0.508 0.249 0.826 0.185 0.819
i Leaf 0.035 0.538 0.027 0.617 0.377 0.228 0.595
Mg 2 Root <0.001 0.013 <0.001 0.063 <0.001 0.828 0.394
Z£ Stem 0.021 0.881 0.198 0.254 0.092 0.157 0.729
it Leaf 0.635 0.584 0.007 0.311 0.013 0.465 0.534
Fe i} Root 0.293 0.050 <0.001 0.014 0.725 0.231 0.411
2% Stem 0.564 0.263 0.875 0.685 0.400 0.161 0.035
i Leaf 0.050 0.649 0.280 0.031 0.013 0.120 0.885
Mn 2 Root 0.440 0.138 <0.001 0.020 0.591 0.172 0.019
Z£ Stem <0.001 0.445 0.710 0.475 0.089 0.050 0.259
it Leaf 0.014 0.162 0.549 0.708 0.230 0.256 0.451
Cu i} Root 0.001 0.089 <0.001 0.117 0.029 0.018 0.065
2% Stem 0.001 0.655 0.307 0.463 0.307 0.497 0.131
it Leaf <0.001 0.021 0.203 0.624 0.894 0.243 0.477
Zn 2 Root 0.023 0.142 0.030 0.067 0.685 0.723 0.209
Z£ Stem 0.002 0.038 <0.001 0.962 0.070 0.097 0.004
it Leaf 0.050 0.001 <0.001 0.032 0.050 0.896 0.279
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Table 3 Ca and Mg uptake and distribution of Cunninghamia lanceolata plantlets with different treatments
under drought stress
Fa%niy s = -
clone Treatment 2 Root 2% Stem I Leaf 2 Root 2% Stem I Leaf

No.7-14 CK-NO,~ 19.70 £ 1.68 Bbc 2593 +£2.09 ABa 51.31+3.09 Aab 14.93+1.37 Ab 691+046Ba 1335+1.12Ba
CK-NH,* 1286+ 1.13Cc  24.44+£558Ba 49.96+6.00 Aab 15.94+0.53 Aa 6.04+1.08Ba 12.70+2.14 ABa
CK-NO;+NH,* 2249+999Ba 2433+4.89ABa 57.54+528 Aa 11.58+2.49 Ac 6.59+0.71 Aa  12.73+0.98 Aa
PEG+NO,~ 15.88+0.96 Bbc 2226 +3.34 ABa 47.53 +5.33 Ab 6.54+0.74 Bd 4.49+0.77 Bb 8.67+0.42 Ab
PEG+NH,* 22.08+7.08Ba 26.95+2.88 ABa 48.76£5.49 Ab 6.97+1.15ABd 4.82+0.62Bb 8.53+£1.05 Ab
PEG+NO; +NH,” 11.29+2.35Bc 31.85+6.67 Aa 49.84+3.01 AAb 3.97+0.60 Be 591+1.12 Ab 8.35+0.44 Ab

No.83-8 CK-NO, 20.88+231Ca 2240+6.75Ba 53.76 £8.94 Aa 7.67+0.64 Aa 5.18+1.64 Aa 9.09+1.61 Aa
CK-NH,* 1543 +478 CAb 2249+242Ba 5494+321 Aa 4.19+£1.97 Cbe 4.56+0.55BAb 10.07 + 1.63 Aa
CK-NO;+NH,* 17.14+0.81 BAb 16.03+1.90Bb 64.27+10.09 Aa 5.88+0.08 BAbc 3.87+0.20Bb 12.23+2.36 Aa
PEG+NO,~ 19.00+£2.91 BAb 16.63+3.40Bb 5535+3.93 Aa 6.14+0.82 BAb  3.72+0.65Bb 8.72+0.88 Aa
PEG+NH,* 19.35+230 CAb 28.04+1.22Ba 69.52+8.12 Aa 4.98 +0.39 Cbc 6.03+0.21Ba 12.19+1.07Aa
PEG+NO,+NH,* 1175+ 1.19Bb  19.46 +3.22 BAb 54.55+6.12 Aa 3.57+0.26 Cc 4.47+0.50BAb 9.79+1.02 Aa

# (Note) : AbBEARAY CK A1 PEG 43 MR IE & AT 520l 4514 CK and PEG in the treatment codes represent the normal control and water

stress; [F]FEHE 5 AN/

R IR E — KR AN AL E 2 5 B (P < 0.05) Values followed by different lowercase

and capital letters indicate significant difference among treatments at the same clone and among organs at the same treatment, respectively (P < 0.05).

MBS, AHT 524500 T U 28 AT e AR
IS Y IR AL
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Table 4 Fe, Mn, Cu and Zn uptake and distribution of Cunninghamia lanceolata plantlets with different treatmens
under drought stress
Fa%niy AR = =
clone Treatment 2 Root 2% Stem I Leaf & Root 2% Stem i Leaf
No.7-14 CK-NO,~ 791+0.86 Aa 0.16+0.01 Bb 0.55+0.02 Bab 0.32+0.02 Bb 0.26 +£0.02 Ba 2.07+0.19 Aab
CK-NH,* 1030+ 1.52 Aa  0.33+0.07 Ba 0.52+0.04 Bb 0.63+0.03 Ba 0.28 +0.05 Ca 1.85+0.16 Aab
CK- NO,+NH,* 537+ 1.65Aab 0.18+0.04 Cb 0.77+0.09 Ba 0.31+0.07 Bb 0.20+£0.03Bab 2.32+0.05 Aa
PEG+NO,~ 321+028 Ab 0.29+0.11 Ba 0.44 +£0.02 Bb 0.12+0.01 Be 0.15+0.03 Bb 1.81+0.16 Ab
PEG+NH," 534+136 Aab 0.17+0.02 Bb 0.42+0.15Bb 0.14+0.03 Cc 0.24+0.03 Ba 1.90 £ 0.17 Aab
PEG+ NO, + NH," 2.61+0.59 Ab 0.30+0.06 Ba 0.52+0.03 Bb 0.14+0.04 Cc 0.28 +0.07 Ba 2.124+0.10 Aab
No.8-8 CK-NO;~ 10.25+249 Aa  0.18+0.03 Cb 0.41 £ 0.08 Bab 0.63+0.19 Ba 0.14+0.03 Cab  2.05+0.21 Aab
CK-NH,* 5.69+0.80 Ab 0.25+0.05Ba 0.42 +0.03 Bab 0.39+0.06 Bab  0.11+0.02 Cb 1.92+0.85 Ab
CK- NO,+NH,* 6.23+042Ab 0.26+0.01 Ba 0.44 +£ 0.07 Bab 0.38+0.02Bab  0.11+0.01 Cb 3.21+0.70 Aa
PEG+NO,~ 3.06+033 Ab  0.16+0.05Cb 0.51 £ 0.04 Bab 0.14+0.05 Cb 0.14+£0.03 Bab  2.52+0.27 Aab
PEG+NH," 2.59+0.58 Ab 0.26+0.04 Ba 0.58+0.11 Ba 0.16 = 0.03 Bb 0.18 +0.02 Ba 3.09+0.41 Aa
PEG+NO,+NH," 2.68+0.38 Ab 0.20+0.03Bab  0.36+0.02 Bb 0.13+0.02 Bb 0.16+0.01 Bab  2.79+0.36 Aab
Fj:riy R = =
clone Treatment i Root 2 Stem - Leaf 2 Root 2% Stem it Leaf
No.7-14 CK-NO; 0.13+0.02 Abc 0.04 +£0.01 Ba 0.05+0.01 Bab 0.12+0.02 Ab 0.11+0.01 Abc  0.12+0.01 Bb
CK-NH,* 0.20+0.02 Aab 0.03 £0.01 Ba 0.05+0.01 Bab 0.30+0.02 Aa 0.12+0.04 Bbc  0.12+0.02 Cb
CK- NO,+NH," 0.25+0.05 Aa  0.02+0.01 Ba 0.04 +0.01 Bb 0.21+0.06 Aab  0.06+0.01 Cc 0.19+0.03 Bb
PEG+NO,~ 0.09+0.01 Ac  0.03+0.01 Ba 0.05+0.01 Bab 0.12+0.01 Bb 0.11£0.01 Abc  0.20+0.03 Ab
PEG+NH,* 0.13+0.02 Abc 0.03+0.01 Ca 0.06 £ 0.01 Ba 0.18+0.07Bab  0.16+0.02 Aab  0.18 = 0.04 ABb
PEG+ NO;”+ NH,” 0.09+0.03 Ac 0.03+0.01 Ba 0.04 +£0.01 Bb 0.21+0.05Bab  0.21 +£0.03 Aa 0.32+0.02 Aa
No.8-8 CK-NO,~ 0.09+0.01 Abc 0.02+0.01 Ba 0.03 +£0.01 Bab 0.18 £0.03 Aa 0.06 £ 0.01 Bb 0.13+0.02 Ab
CK-NH,' 0.15+0.02 Aa 0.01 £0.01 Ba 0.03 +0.01 Bab 0.14+0.05 Aab  0.09+£0.01 Aab 0.13£0.01 Ab
CK- NO,+NH," 0.12+0.01 Aba 0.02+0.01 Ba 0.02+0.01 Bb 0.18+0.02 Aa 0.10+0.01 Ba 0.17+0.03 ABa
PEG+NO,~ 0.11+0.01 Aab 0.01+0.01 Ba 0.03+£0.01 Bab 0.11+0.01 Bb 0.09+0.01 Aab  0.16+0.03 Aa
PEG+NH,* 0.06+0.01 Ac 0.02+0.01 Ba 0.04+0.01 Ba 0.12+0.01 Bb 0.13+0.01 Aa 0.19+0.02 Aa
PEG+NO,+NH," 0.08 £0.01 Abc 0.02+0.01 Ba 0.03 £0.01 Bab 0.10£0.02Bab  0.10£0.01 ABa 0.18+0.02 Aa
7 (Note) : AbFEPAY CK Ml PEG 4B ER IEH MWl 2544 CK and PEG in the treatment codes represent the normal control and water

stress; [AI A JG AN F /N

KE AR5 TR Al — K RZAHE]  [F—Ab R B M 225 83 (P < 0.05) Values followed by different lowercase

and capital letters indicate significant difference among treatments at the same clone and among organs at the same treatment, respectively (P < 0.05).

B A AL B S R T AR R A A, T 2R R
M A —E RIS, AR AEE., W
U, BEARE R L3N T S AR P
Wk, (AAE T R4 T A S R EN B AL T AR 4R
FRIRIAC , - B84 far v e g O o i

234 8 AFRBAENER No.7-14 H P BRI

B W50, A R0 3 1 AR v A A R o
(P <0.05), {H- 5 s ok HAS 7 BB ke 6 i
FWM, KR No.8-8 MM HHE MW ILZ REILA
BERL S AN 2, TR T HEE R R i
W SRS, fErth 22 Rk B E K (P <0.05),
I, S ENH R No. 714 AR I B 1
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235 ZHAEM  MWE20H, THEREMEAER
TR IS ZERAR A th 2R WO e 2, XPAR
PR P IR SO v B ) IR A T S 3 oM R 2R
T 52 1 2 % i r R A R A T L X AR
B s e s BRIEAS T R X 25 b AR
ARSI s 3 IR RS ZE PR | AR R
3 (P<0.05),
24 AEIBEITFZARLE NO, F1 NH, IRUCH 43 Ee
EREA

S, SXEML, AR RET SN
TSR AR . ZE . R A AR R
W TR, MRS AL EEAR . 25, nh Ay
AWM MR R AR FREE BT X T8 &0
7, No.7-14 ZRIET RA T I R A Z A
PR A B RS AW AR T X BRAL T, 1) No.8—8
FARAET T30 T U A [7) 71 28 0 8 Ah 30 4 24 R0
Wik T IRAR B . ARG E Z S A S E R
ANFFHE—EES, No.7-14 ZRMERAW I EF
POAIE > 25 > MR X T No.8-8 KA Miw, LK
o PSRN R > i > 25 TEPNA T

Wi R B > MR > 250 NEE FRE, #4685
B A R MR 2w TR AR, W AR RA B
PR32 s i AT 2

3 ihie

T 5 3E BEARAE M0 IR o I RE ), B
S AR E KGNS, MU A [ S J X e i
TP TR W . e AE BT RE ) B s L,
N& “HEmIotR” , SEYERR. AR H
BRIy . AR LI, BINMSA R TR5%
HTFEARGHR ., 22, N, P K Bia YRR
JFEHBREAR, 1A B S A TR T AL BEAZ R Gy
MR NG KB, DR P K R, XS
HEAUC RS SRR — B, TS A A T
B H ¥ (Brassica oleracea) W, Tk (MhFh “
4177 ) XYE3R (Amaranthus mangostanus) 5545 B W)
N Eagt7, (Hd A s e s B R A Bt (1 0 1 A
10 2) AL E S S TR AT B AIARRT NP I
Ji PRITE T A 5 IR 1 - 438 el TR i i AL S VR TR
BCUA B S A T e X L T, A2 ARTE K R
FEIE R “ B8 Fetk, B0 2RISR

x5 TEWEZFHTARLEZALEI NO, F1 NH, BRI K B (mg/pot)
Table 5 NO, and NH," uptake and distribution of Cunninghamia lanceolata plantlets with different treatments
under drought stress

KA HA% No,-N #A% NH,"-N
%? fham A% No, AN NH,
Family
clone Treatment #R Root =% Stem M Leaf #R Root =% Stem - Leaf

No.7-14 CK-NO,~ 3.61 £0.33Bab 3.92+0.49 Aab 5.65+0.40 Aa 98.15+15.33 ABab 55.52+6.14Bab 168.85+11.41 Aa
CK-NH,* 3.16+1.15Bab 4.24+1.18 Aab 3.28 =0.36 Bb 113.37 £ 8.50 Ba 59.76 £19.89 Ca 150.11 £20.24 Aab
CK-NO,+NH," 2.84 +0.96 Bb 3.02+0.62Bb 5.87+0.31 Aa 90.99 +31.23 ABab 49.77+4.99 Bab 173.89 +£9.61 Aa
PEG+NO;~ 2.33+0.13 Bb 3.85+0.50 Aab 4.31 +£0.92 Bab 48.53 +4.67 Bb 42.41+9.07Bb 134.66 +11.21 Ab
PEG+NH,* 5.28+0.55 Aa 501 £1.48 Aa 4.68+0.10 ABab 57.53+14.52 Bb 53.53+4.85Bb 138.20+17.36 Ab

PEG+ NO;+NH," 2.71 + 0.9501 Bb

4.49 £ 1.37 Aab

No.8-8 CK-NO; 4.81+1.04 Aa 1.63 +0.39 Bab
CK-NH," 3.79+0.63 Aa 0.96 £ 0.06 Bb
CK-NO;+NH,” 5.49+0.51 Aa 0.89 + 0.06 Bb
PEG+NO,~ 1.25+0.20 Bb 0.95+0.22 Bb
PEG+NH," 4.38+0.54 Aa 1.87+0.33 Ba

2.93+0.02 Bb
3.67 £ 0.20 Abcd
2.06 £0.093 Bd
2.94 +0.54 Bed
3.22+0.54 ABc

5.25+0.26 Aa

5497+ 11.12 Bb

5598 +7.16 Bb

77.18 £20.58 ABab

47.73 £ 8.42 Bb
88.02+9.76 ABa

87.58 + 14.54 Ba

51.34+£9.18 Bb
30.32+6.97 Bb

39.77 £4.50 Bab

161.96 £10.15 Aa

96.07 £ 19.02 Aab

92.98 £22.26 Aab

37.52+3.64 ABab 83.83 +11.54 Ab

35.90 £ 9.41 Bab

51.83+1.95Ba

113.43 £4.54 Aa

136.56 +£23.49 Aa

PEG+NO,+NH,” 1.81+0.18 Bb 1.59+0.28 Bab 4.54+0.31 Aab 48.87+4.90 Bb 3243+£134Cb  108.95+10.41 Aab

H# (Note) : ALBEFFE) CK Fil PEG 23 BIMCHEIEH 1T 2 WA 45F CK and PEG in the treatment codes represent the normal control and water
stress; FUEE AR/, KEFEESHIFIR Rl —Z R HE | [Fl—Ab 3 E 1 22 5 3% (P < 0.05) Values followed by different lowercase and
capital letters indicate significant difference among treatments at the same clone and among organs at the same treatment, respectively (P < 0.05).
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