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Drought Tolerance Comparison of Eucalyptus grandis
Saplings under Different Nitrogen Application Levels
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boratory of Ecological Engineering of Sichuan Province, Ya’an, Sichuan 625014 ,China)

Abstract: A pot experiment was performed to study the drought resistance of Fucalyptus grandis Hill ex
Maiden saplings under different nitrogen (N) application levels. The experiment consisted of two steps,
firstly three N treatments (N, ,supplied no extra urea,and N; and N, ,supplied urea 1.4 and 2. 8 g » pot ',
respectively) were carried out in advance for 20 days and afterwards the drought stress[ continuous drought
for 0 d(Dy),3,6,9,12,15 and 18 d) | was conducted respectively to each N treatment. The results showed

that: (1) Under the drought condition, the leaf water content (LWC), leaf relative water content (LRWC)
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and leaf water retention (LWHC) of saplings in N; and N, were lower than those in N, level, and the
differences in the middle stage of drought were most obvious,which indicated that nitrogen application be-
fore drought probably led to negative impact to leaf water physiology of E. grandis saplings. (2) As for the
soluble protein (SP) and soluble sugar (SS),the differences between nitrogen treatments were not signifi-
cant in the early days of drought,but when drought for 9 ~ 18 d, the increase of SP and SS in N, were
more obvious than those in N; and N, ,and the change trend of those in N, and N, were relatively gentle,in-
dicating that nitrogen addition was adverse to the accumulation of SP and SS of E. grandis saplings. How-
ever the increase rate of proline (Pro) in N, and N, was higher than that in N, with the extension of
drought. (3) With the aggravation of drought stress,the contents of H,O, and MDA in E. grandis saplings
in treatment N, and N, were obviously higher than those in treatment N, , which indicated that nitrogen ad-
dition brought about more serious water deficiency of E. grandis saplings and produced more reactive oxy-
gen species (ROS). (4)Nitrogen addition did not significantly change SOD activity and AsA content of E.
grandis saplings in the process of drought stress,but POD activity in N; and N, was obviously higher than
that in N,. (5)Nitrogen addition increased the pigment content of E. grandis saplings and kept at a higher
level and correspondingly the net photosynthesis rate(P,) was at a high level at the beginning of drought
stress (0~3 d),but with drought time prolonged, P, declined more rapidly,and change trend of transpira-
tion rate (T,) and Stomatal conductance (G,) were nearly same as P,. The results suggested that nitrogen
addition could enhance the photosynthesis and assimilation ability of E. grandis when soil moisture is suffi-
cient,and promote its growth. However it is more likely to encounter water deficit in face of drought stress
and reduce its ability to drought resistance. Thus in the process of management of E. grandis plantation,ni-
trogen addition should not be implemented before the coming of drought or seasonal drought. Otherwise ir-
rigation or some watering measures should be taken.

Key words: nitrogen addition;drought stress;physiological characteristics; Fucalyptus grandis
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Table 1  The soil volumetric water content in the cultivating pot under continuous drought stress/ %

RAL R JKAPREFE Water treatment
Nitrogen
treatment Do Ds Dg Dy D2 Dis Dis
No 21.6742.23aA 12.28+0.59bA 6.5340.82cA 5.5141.12cdA 5.1740. 38cdA 1.13£0. 12dA 3.6540.02dA
N, 19.64+1. 4aA 10.42£0.07bB 5.1240. 42cA 4,9340.59cA 4,6240. 34cdA 4,1840. 54cdA 3.4740.19dA
N, 19.441.05aA 9.1740.61bB 5.6340. 24cA 4,940, 21cA 4,8340.32cA 3.840.15dA 3.440.17dA

T AT A /NG 8 R AR TRl K 43 A B 27 8] 22 5 8 3 (P<0. 05) 5 Al B R [] K B 78 6 n A [ U4 B 22 i) 22 53 8 3% (P<<0. 05)
Note: Different normal letters in the same line indicate significant differences between different water treatments( P<C0. 05) ; Different capital letters in the same

list-column indicate significant differences between different nitrogen treatments(P<C0. 05).
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Table 2 Effects of continuous drought stress on leaf water indices of E. grandis saplings with different N applications

S ke L b Al B Lo e L
Nilrog?‘;ﬁrl&%riillmenl Wa{i(rél}r&e‘tj?;em DIe,jfE\‘fV:i; Lu;frrzl?aﬁxi ?ja%er I,ea?fviﬁr?izfding Leaf ,[Ejgr?tﬁ; water
content/ A content/ A capacity content/ A
Dy 67.3611.63abB 74.88438.87bcB 0.72+0.10bA 73.43+2.64bB
D; 69.1140.02aA 84,58 +8. 84abA 0. 4440, 09bcA 72.60%+2.07bA
Ds 61.04+1.22cA 60. 4244, 15dA 0.34+0.08cdA 72.19+1.51bAB
No Dy 67.9040. 32aA 89.39+4.95aA 0.15+0.03dA 70.30%+1. 22beB
Di 64.3741.57bA 65.47%1.21cdA 0.5440. 15bcA 73.39%1. 68bA
Dis 48.71£3.55dA 45.26+8. 88eA 0.3840. 04cdA 67.96+2,11cC
Dis 43.86+2. 36eC 22.37+2.43(B 1.2440. 37aA 77.8040.65aB
Dy 85.3142.37aA 89.00+1.99aA 0.6140.05aA 86.7212.10aA
Ds 48.45+4.76cB 70.64£10. 24bA 0.2340. 29bcA 57.22%5.12¢B
Ds 56. 6440, 83bA 51.47+6.20cAB 0.5140. 33abA 71.80+2. 25¢dB
Ny Dy 41,2040, 74dB 22.14+3. 84eB 0.2140.05bcA 76.05+3. 63bcAB
D12 47.00£1.01cB 39.39+9.90dB 0.3240. 03abcB 69.4616.37dA
Dis 45.72£0.93cdA 21.83+1.26eB 0.2640.07bcA 79.4340. 86bA
Dig 49.58+2.36cB 23.24+2,28¢AB 0.1440.01cB 80.92+1.05abA
Dy 68.51+3. 13aB 95.31+2.49aA 0.2940.11aB 69.55+2.82¢cB
D; 68.58+1.09aA 70.4543.52bA 0.4440. 26aA 75.6240. 66abcA
Ds 54,14+5. 80bcA 39.54+9,27cB 0.2040. 15aA 75.3140. 87bcA
Ny Dy 49.45411.55bcB 23.53+4,20dB 0.3440.27aA 80.47+4. 64abA
D12 42.014+12.10¢B 23.29+£2.51deC 0.3240.08aB 74.82+9.05bcA
Dis 26.47+6.25dB 13.5543. 26eB 0.0040. 34bB 72.70%1.75¢B
Dis 55.714+1.86bA 26.63+0.53dA 0.20+0.07aB 82.50+1. 34aA

T AR R A R AN [/ 7 B R AN K 3 A B 2 I 2 S5 8 36 (P<0. 05) 5 A [ K 73 Ak B R RS TR R 57 B 38 AN [ JRUAL B 22 ) 2 53 % (P<<0..05) s T IRl

Note: Different lowercase letters indicate significant differences between different water treatments in same nitrogen treatment (P<C0. 05) ; Different capital let-

ters indicate significant differences between different nitrogen treatments in same water treatment(P<C0. 05) ; the same as below.

K3 FETEXFAELENERSWITRNSERATYRSENZIE

Table 3 Effects of continuous drought stress on the osmolytes in leaves
of E. grandis saplings with different N applications
A K4 A A AR Ui 29 R R Wk

Nitrogen treatment

Water treatment

The content of soluble
protein/(mg « g~ 1)

The content of soluble
sugar/(nmol » g~ 1)

The content of
proline/(pg + g~ 1)

Dy 5.69+0. 24dA 404. 87+26. 20cA 45.81+0.59dB
D; 5.1940. 15eA 420.42+19. 72cA 45.95+0.11dB
Ds 6.44+0. 30bcA 790. 54+10. 30bA 49, 9940. 78¢C
No Dy 6.094+0. 31cdA 763.60+31. 64bA 49.94+1.67cC
D2 6.690.41bA 827.03+32.98bB 48.06+0. 35c¢dC
Dis 7.38+0.27aA 1 636.41+130. 89bcA 67.66+3.80bC
Dis 7.74+0.09aA 1 .890.25+219. 72aA 71.6640. 73aC
Dy 4.47+0.46dB 364.61+34, 94cA 47.86+0.59dA
D; 5.28+0.40cA 348. 56+ 20. 60cB 52.03+0. 25dA
Ds 6.32+0.17abA 792.50+81. 52bA 82.75+3.53cB
N, Dy 6.46+0.41abA 896.50+190. 65bA 236.70+5. 08aA
D2 5.90+0. 28bA 1 093.15+56. 30bA 159.14+9. 55bA
Dis 6.04+0. 22abB 1 268.36+228. 89abAB 153.29+7.42bB
Dig 6.53+0. 12aB 1 246.76+280. 83aB 150. 0443, 04bB
Dy 4.66+0.30cB 399.93+22. 93cA 48.0640. 83dA
D; 4.24+0.39dB 417.86+46. 04cA 52.87+2.49dA
Ds 6.43+0. 36aA 900. 94+ 60. 24bcA 175. 3245, 81bA
N, Dy 6.46+0. 06aA 1012. 74+186. 46bA 197.25+12. 29aB
D2 5.66+0.90bA 1 146.65+52. 15bA 116.78+1. 62¢cB
Dis 6.19+0. 14abB 918. 86+263. 63bB 208. 53+20. 86aA
Disg 6.17+0. 24abC 1 262.16+182. 80aB 164.50+2. 69bA
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e FH EZ 3 A (ROS) , ] e 2 i &L 25 S {0 A b T4 BETENTARLEERSWH A
KA Z . HEUSMA_BEEENZ W
3 AN B B R BT U (MDA) & 5 7E Table 4 Effects of continuous drought stress on the
:F'qa:ﬂ:ﬁﬁ(o d)ﬁﬂ’ﬁ%*ﬁlﬁj ,j—JFﬁ] B F 5L ] 1 4 K contents of H; O, and MDA in leaves of E. grandis
TGW T Bk L G 2E T 5, MDA & 5t 2 saplings with different N applications
o ’ T 1
N o — Ak b H. 0. & & MDA ¥ &
})l‘,ljg N, AN, ALI\IEEU%E 1= T N, ﬁiﬁf’ ﬂy—"—‘ ’ﬁ{ﬁ/f\z« I\Afﬁ;&é%n 7J<\;/j\a€;f§l The contFeﬁnTo[ Theliontﬁfnrt_o[
ALI\IEE/‘J Eﬁfﬁ:*%ﬁ*ﬁ EPﬂﬁEiE'%@J TEFEE"JH’% treatment treatment H, 0,/ (':mOI «g 1) MDA ,/(rjrmol cg
Dy 72.59+15.41cA .99£0.69cA
LRI '3 1.0, TR S S
2.5 BRRAEBERYINEFRETELGTHRS Ds 104.98412.06bA 34, 16+2. 43bA
WEGRR N, Dy 92.19+10.39bcA 26,000, 93bB
i 5 AT UL LN, BTN, A B 8 4 AL B 1 e
(SOD) i M bifi & T 5 B 1] 114 42 K 17 52 2 i b T 119 8 Dis 155.18=11.87aA 551546, 46aA
T N, A F S SOD 35 P 75 % A T 54 38 1 48 oh Do 75.36+3. 48dA 20.55+1. 85cA
AR A, R F R M B A A S
E#Zn9 SOD 351, 88 2 19 & (N, i ffi 5 H SOD Xt N Ds 172.42426.72aA 43,7142, 97bA
T B IS S R Dy, 112. 81424, 08cA 15. 1410, 08bA
F5 BoR.3 ML T B R A 1L . gl e
18 00, J4 T Loza 00, 2J 0O, Jilal
(POD) % 1 bt % + 5 i i) %& K M 56 £ JH )& B D, 69.18909. 91cA 219342, 12cA
Hh N, #1 N, 4-H POD 7§ P 7E K 52 T 5 W 38 #t D; 82,422, 58bcA 24,5541, 75cA
(D() )E’Ajtw%ﬁ%ﬂ: N() ’3\_1':7:[_:. 3 %u 6 d Eil‘tljf)rllT %EE"J Ds 110. 44+32. 55bcA 38,7944, 37hcA
T ) . - N, Dy 203.53+99. 19aA 50. 33412, 40bA
MWK i b T SRR B ST N % Dis 150, 95422, 13abA  47.10=2. 37bA
B 1 it 8 R AN B M B 5 i POD (5%, B4 Dis 131, 39420, 84abeA 47, 40%13. 67bA
/ﬁ\:%—ij%éd;q::‘ai—FBg POD ?ﬁ‘@ﬂiﬂ‘ﬂ‘ﬁ%}ﬂ’ﬁk¥ . Disg 153.03+20. 06abA 75.26+£16. 73aA

RS5 HETEXNFARELENEZRSHH KN SOD.POD iE 14 K Hi i M 8 & £ H &M
Table 5 Effects of continuous drought stress on SOD,POD activities and AsA content in

leaves of E. grandis saplings with different N applications

RAL B K 43 4 3 SOD [ i 4 POD i i 1 UK MR 7 i
Nitrogen treatment  Water treatment SOD activity/(U « g~ 1) PDO activity/(U « g~ 1) Ascorbic acid content/(mg + g 1)
Do 1029.03+82.79¢B 9.77%+1.92abC 4.6840. 15dA
Ds 1 070.76+£95. 44deA 13.79+5.91aB 4,37+0.11dA
Ds 1 207.63+59. 19bcA 7.9145. 22abcC 5.5740. 24cA
No Dy 1 157.48+33. 58cdA 5.26+1.12bcdB 5.38+0. 28cA
Dy 1 256.86+11.94bcA 1.29+2. 24dB 6.75+0. 32aA
D5 1293.86+44. 97abA 1.99+3.97cdA 6.39+0. 05abA
Dig 1 385.08+40. 80aA 1.3242.29dB 6.09+0. 36bA
Do 939.47438. 56cB 35.07+3.10bB 4.14=+0. 11abB
D; 775.55+164. 83dB 68.47+18. 19aA 3.70£0.19¢B
Ds 1 158. 93435, 71bA 42.07+6.47bB 3.69+0. 34cB
N, Dy 1 281.15+40. 44aA 13.00+8. 96cAB 3.89+0. 22bcB
Dy 1263.61+9.27abA 31.33£10. 32bA 4.1740. 27abB
D5 1317.56+£12.87aA 5.2442.97cA 4.2640.13abB
Dis 1247.23421.16abB 10.52+7.50cA 4,43+0. 25aB
Dy 1 166.21413. 84abA 47.5740. 76bA 4.007+0. 17aB
D; 1 151.90437. 00abA 66.97+5. 89aA 4.097+0. 21aA
Ds 1207.56+19. 80abA 78.34418.57aA 3.17+0. 34bB
N, Dy 1 184.824130. 60abA 21.7147.96cA 4,07+0.17aB
Dy 1127.63+87.60bB 21.5043.40cA 4.444+0. 20aB
Dis 1201.20+44. 22abB 10.45+9. 70cdA 4.114£0. 25aB
Dis 1 263.65+59.59aB 4,62+1.17dAB 4,2740.37aB
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6 Effects of continuous drought stress on

Table

photosynthetic pigments in leaves of E. grandis

saplings with different N applications

) . e bl | 25 A
MR E I S ASA S RBRIT ELE TR ot W tomonof GH T comentof o
EP&@K@&@E“E@T%{E&ﬂ(EF‘(% 5). treatment treatment /(mgeg 1) [(mge+g 1)
Dy 2.02£0.10bC 0.46%0.01eC
2.6 %ﬁﬂ‘fﬂﬁ*ﬁ@jﬁ?ﬁﬁf?%?ﬁ@%ﬁﬂifﬂ Ds 2.08£0.11bB 0.50£0. 02cdB
VA Dy 2.1440, 09bC 0.5440.01bC
H135 6 7 0L, 7 N, Ab B, %22 (Chl) 4 B — No Dy 17920, 10cB 0. 470, 02deC
N — . Dy 1.2070.07dC 0.33%0.03fB
FUARTHBARAKF 00 N, AN, Ak 52 [ 36 9 Ao Dis 2.76+0. 12aA 0.7040. 02aA
ETFEHH6~12 DChl R EEm T N, (P< Dig 2.09+0, 16bA 0.5140. 03bcA
0.01). Sk FIm,3 ML F A | E (Car) b D, 2.600.07dA 0.59+0. 01dA
TR A 925 f R 55 Chl 25 f LA o o
7T WonHEE TR AR 3 A RUAL L E Mt i\ D, 1,010, 28aA 0.81+0.03abB
FrEg Py ARG . fEZ . A S OND F R (N, 4k Di. £.22%0.17aA 0.8520. 04aA
IEB(] Pn E:'::?:ﬁﬁ/ﬂﬁ(o/\lg D E‘J—FF%TFEE{F%E%T Dis 2.9140.13cA 0.6740.04cA
Disg 1.8940. 10eA 0.3940.04eB
Xﬁﬁﬁﬁﬁ}i(l\]()) ’EDEIIE:F:'E:H#‘FAIS%X%EIH%O llé\1$ I)(J 239i004dB O55i003h8
L AET R R AR PR N, > Dy 2.5140.17dA 0.58£0. 04bA
N] >N2 i Ds 4.16£0.08aA 0.8440.02aA
N, Dy 4,0040. 06abA 0.8740.01aA
27 AR 3 R AL B B AR T R T, HRE T D 3,860, 15bB 0.86£0. 01aA
BEifEERmRE T ETE 6 dEER& B Dis 2.8840. 10cA 0.5940. 01bB
E‘J%{E& 7J(EF‘ ; E %4\%}%%@ V:J N, 5 N, I‘ETJ Tr %%‘ Disg 2.0340.13eA 0.4240.03cB
RT FETENTREALEERSWMELAER ZBEEMSILSENI M
Table 7 Effects of continuous drought stress on net photosynthetic rate, transpiration rate and
stomatal conductance of E. grandis saplings with different N applications
RAL B K53 Ak HOL AR HENE R ST
Nitrogen treatment  Water treatment P./(pmol » m~2 « s 1) T./(mmol s m™ % « s~ 1) Gy/(mol e m~ %« s 1)
D, 10. 60+0. 39aB 10. 3040. 10aA 5.09%0. 16aAA
D, 9.25+1. 13bA 5.69+1. 29bA 0.70+0. 64bA
Ds 2.2440.07dA 0.50+0. 11cA 0.02-+0. 00cA
Ny Dy 2.0440. 17deA 0.52%+0. 04cA 0.02%+0. 00cA
Dy 3.96+0.42cA 0.76=£0. 10cA 0.05£0. 04cA
Dis 1.3340. 12eA 0.00=£0. 00cB 0.00=£0. 00cB
Dis 1.2140. 30eA 0.00=£0. 00cB 0.00=0. 00cB
Dy 12.68+0. 75aAB 8.57+1.98aA 2.95+1.96aAB
Ds 4.89+0.05bB 1.4140.05bB 0.06+0. 00bA
Ds 1.3440. 16¢cB 0.08+0.07cB 0.00+0.00bC
N, Dy 0.86+0. 24cdB 0.03+0.02cC 0.00+0.00bC
D2 0.99+£0. 11cdB 0.06=£0.06cC 0.00%0. 00bB
Dis 0.77-+0.07dB 0.04=£0.00cB 0.00=£0.00bB
Dig 0.48-+0.10dB 0.14-+0. 06bcA 0.01+0.00bAB
Do 13. 48+ 1. 75aA 8.56+2.40aA 1.90+1.09aB
D; 4.07+0.14bB 1.6740. 22bB 0.09740.01bA
Ds 1.0740. 16¢B 0.36-0.06bA 0.02+0.00bB
N, Dy 0.424+0. 04cC 0.20+0.02bB 0.01#40.00bB
D12 0.58+0.15cB 0.20%£0.04bB 0.0140.00bAB
Dys 0.2040.05¢cC 0.21+0.04bA 0.01%0. 00bA
Dis 0.17+0.09cB 0.17-+0.01bA 0.02+0.01bA
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