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Abstract; Moringa oleifera is a perennial tropical deciduous tree species, which has high economic value and cultivation
purpose. In order to investigate the effects of different water (W) and nitrogen (N) additions on the root growth and
traits of M. oleifera, we explored the response of root growth (e.g., root length, surface area, volume and average
diameter of coarse and fine roots) of M. oleifera seedlings to the coupling of different soil water and nitrogen
availabilities. There were three soil W gradients including 40% (low water, W1), 60% ( medium water, W2), 80%
(high water, W3) of field saturated water capacity (SWC) , and four N application levels, including no notrigen (NO,
0 g - plant™) , low notrigen (N1, 0.6 g - plant™) , medium notrigen (N2, 1.8 g - plant™) , and high notrigen (N3, 3.6
g - plant"). The results were as follows: (1) W treatment had no significant effects on the coarse and fine root
traits. (2) N treatment significantly affected the coarse root length, surface area, volume, average diameter and specific
root area (SRA ), while only significantly influenced fine root average diameter and SRA. (3) Two-way ANOVA
demonstrated that the interaction between W and N only dramatically affected fine root length; under the same W
treatment, low N promoted but high N suppressed the coarse and fine root length, surface area and volume, suggesting
that the coupling of N1 with W2, or N1 with W3 to some extent promoted the root growth. The study indicates that single
W treatment does not change the root traits, N1 promotes but N3 inhibit the root growth, and the coarse root are more
sensitive to N application than fine root thus the coupling of W and N can obviously regulate the root growth of M.
oleifera. Therefore, in order to promote the growth and biomass accumulation of M. oleifera, usage and coupling

percentage of water and nitrogen should be restrained and effectively enhance the water and nitrogen efficiency in

practices.

Key words: coupling of water and nitrogen, root traits, fertilization, cultivated species, tropics

FEA 7 L, K 53 R0 A P AN IR 14 AH B AR
T, SRR Y AR A S B LA X B i R Ak
PR R I, FR R OK ER A (kA S, 2011)
W R 4 = 1E P i K EOR) 3R 1K A
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(N1) 1.8 g - plant’(N2) 3.6 g - plant” (N3) , 34
G 12 PR AR E 6 N EA

AR A 2017 426 H 9 HJA o, R4 -3
FHE A U RN B K R B T Y K A B B AR
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Table 1  Experimental processing settings
ik Hok w7k
W1 W2 W3
Ab 7 S L o
Treatment kit AR pogee mkm WRE pomn ok ERE S pogen
Added water nitro ;:n Urea solution Added water nitro ;:n Urea solution Added water nitro ;en Urea solution
(mL) (;‘i (mL) (mL) (gg) (mL) (mL) (gg) (mL)
tel
JA NO 120 0 0 350 0 0 600 0 0
fIRA N1 100 0.6 20 330 0.6 20 580 0.6 20
A N2 60 1.8 60 290 1.8 60 540 1.8 60
EA N3 0 3.6 120 230 3.6 120 480 3.6 120

B G I 250 A K 22 18] 8 58 EAT I S 35 0K P i
EN P=0.05,

2 HER G4

2.1 KREBE N HRARK NG

AT K B, RAL XS B 4 MR IR K
S T K Ak B R A B TR] ) 38 L AR X
AL BRI C R E R (£ 2), EM/RK
(W) ZF T, BOR B HIAR AR K 7E AR & (NT) 4b 2R
FikF B KME, N 158.30 em, i T HAth 3 Fb
WP 1 a), TEHK(W2) 55T, A (N2)
Qb B AR A B e A, A SR T A (NO) (N1 g
A(N3) AL FEAY 154.3% 194.1% F1 161.0% , 3 H.
FELARS T 200 AR 18 AR i 2 ot 0 v B 38 i 22 5 T
JE PR (E 1), fERAK(W3) &0 T, HARR
KeAE N1 AT N2 AL FEF 2 5 F NO Ab B (& 1,
A) A3k E] 148.79 cm F1149.79 cm, IfH N1 Al
N2 fbH 2z 8] e i 2% 25 5

KRB ZE B AE X ROR G i AR R K A
FRMW(E3), EN2 LB, W2 1 W3 B3R
T W1, HAE W3 FI N2 AbEL T 4 AR K Bk 21
KAE, R 1734.33 em, ZHARK BEAE NO Ab B R Bi7K
RGN | W AE N2 F N3 ZRFE R AR K
B it 7K B S I (& 1. B)
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K B SR i i e REL AR A 40 R Y AR K B
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T, NO TR AR 2 I T HoA 3 A Ak 2] A
20.56 cm - g1 N1 N2 il N3 4b# 2 [a] ] G i %
ZS(E 2. A) o FIA6, AR FU AR Bl 7K A6 B k2
AR R b E R E 25 (E 2. B)
2.3 KRBE AR KREIRA M

R B R W AR (AR R A (£ 2)
E WL F W3 50T, BRI AR 5 4 AR 1% 2 18 1
RS I R 2 PSS T R e B AR
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HRU Ky 245.88 cm® il 248.37 em?®, 7E N3 ZbFEF 3
Fifi 7K Ab B R AR (9 R A e/ (B 32 A)

FENT AEFET B 4 AR 2 T AR R /K 52 38 i 5
K J Fh, Wi AE N2 FIT N3 Kb BRR | 20 AR 22 i R it 7K
SR BT &R’ 3:B) , Jf HAE W3 A
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Table 2 Effects of water and nitrogen treatment on coarse root length, root surface area, root volume, average

root diameter, specific root length and specific surface area of Moringa oleifera seedlings

TR Ak B AL H TR A B x Ak B

JIE'S Water treatment Nitrogen treatment Water X nitrogen treatment
Type

F P F P F P
iISN 0.196 0.823 10.613 0.000 2.069 0.070
Root length (em)
R 2 i AR 0.329 0.721 8.635 0.000 1.309 0.267
Root surface area (e¢m’)
FRAARFR 0.274 0.761 6.051 0.001 0.891 0.507
Root volume (cm®)
R HAZ 0.403 0.670 7.925 0.000 0.354 0.905
Root average diameter ( mm)
LR 2.138 0.127 1.651 0.187 0.823 0.557
Specific root length (em « g™)
LR T 3.762 0.029 5.504 0.002 1.065 0.394

Specific root area (em® « g')

. AHEABFE R AR EES (P<0.05), T,

Note : Italic figures indicate significant differences (P<0.05). The same below.

F3 KMBLEXNRADEHEARRK RERAR RERREHER.
EERKAMERAREMANERFTESHT

Table 3  Effects of water and nitrogen treatment on fine root length, root surface area, root volume, average

root diameter, specific root length and specific surface area of Moringa oleifera seedlings

KAk # A AbH TR AL 3 x Ak P

Fhk Water treatment Nitrogen treatment Water X nitrogen treatment
Type

¥ P F P F P
LSS 1.028 0.364 2.180 0.100 2.358 0.041
Root length( cm)
LEE TR 1.864 0.164 1.670 0.183 2.010 0.079
Root surface area( cm®)
AR 2.706 0.075 1.533 0.215 1.762 0.123
Root volume (cm®)
WP HAR 0.458 0.635 5.572 0.002 0.812 0.565
Root average diameter (mm)
AR K 0.282 0.755 1.126 0.346 1.024 0.419
Specific root length(cem + g™)
B TE A 0.137 0.872 3.181 0.030 0.752 0.611

Specific root area (em® « g')

VB, AE N2 AR B R IR E /M 39.79 em® - g,
FE N1 ALFRR FAR b 2% 1o AR 2 it 7K S 19 184 o i
B, 7E W2 F1 W3 AR R R AR 52011
em® + ¢! fil 55.45 em® - ¢!, BT WL [ 43.92

em® + g MAE N2 ARBER , W1 Ak bb 3% 1w AL

43.64 cm® + g ET W2 Ml W3 AbFR (& 4; A),
FUAL T AN AR b 2% AR S (3R 3) , BLAR
AR L 22 T FRAE W2 F W3 b B KON SE N IR
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Aa Aa

FARAR
Length of coarse root (cm)

Wi w2
Kb P Treatment

Aa Aa

W3

2001 A CONOEN1EIN2 EN3

Aab

20001

AR AR K
Length of fine root (cm)

—_
W
(=]
S

1000

W

(=3

(=]
T

B ONOEINIEIN2EN3

Aab

[ A

W2 W3
At Treatment

—_

w

ANRING FBEF R AR KA IR T R [ AU N 8.3 25 7 (P<0.05) s AN R K 'S B 3% 78 AH ) ZUAL 3R R WK 38 i 3% 22 &

(P<0.05), T,

Different lowercase letters indicate significant differences among different nitrogen additions under the same water treatment ( P<0.05) ;

different capital letters indicate significant differences among different water additions under the same nitrogen treatment ( P<0.05). The

same below.

B 1 KEBENRAHERIARRIKH R

Fig. 1 Coupling effects of water and nitrogen addition on the lengths of coarse root and fine root of Moringa oleifera
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Fig. 2 Coupling effects of water and nitrogen addition on the specific root length (SRL)

of coarse root and fine root of Moringa oleifera
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Fig. 3 Coupling effects of water and nitrogen addition on the surface area of coarse root and fine root of Moringa oleifera
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em’, BEE T NO, N1ALFET, B /K & 0938 fin 41
AR e /D J5 38 m, IF HLAE W2 508, N1 940
AT WK T W1 A W3 WRh 58, Ul 3.57
em’ | IM7E N2 20 F , GIARRBIE W3 50 T ik
KA, IFHEAWEW(ES: B),

2.6 KRBEXMHEAREHEZRHZM

FALBEXTHOR 4 1 R AR A AR 19 -3 AR A
WERW(F2,£3), £ WL W2 Z4TF MR
{14) - X5 LA i A il 2 P 1G> (L 60 A)
ME W2 508, 76 NO bR AR 7 15 B A8k
BARME, N 4.64 mm, I H 523 KT N3 LLBE, 17 N1
FIN2 FALFEIF o % 22 5% N3 b TR EH AR
B/ AU NO AR FEEY 71.3% (& 6. A) | T 7E W3
A1 N1 AREE FRARTF Y HAAR K, 7 4.81 mm H
WEET N3 AR,

YRR HARTE W1 54T bl 3 i 0 = 14 38
JIITT$E o Ak 3R] G 2 2 5 AR W2 R W3 4%
P, Bt 0 B 38 in S s/ JE A . AE W2 2k
T, N2 AbFR A IAR S35 B AR IR T N3 AbFR A
5 0.44 mm ( A 6. B),

3 it

3.1 KEBEXNRAR R KR
IKFNERS TR A K B2 WA — 2 R R

R (WAL, 2020) o #5234 (2018) BT

FW] R B3 5 R TR S K B R Y

75% L bRy H ) Rp K B 3 A1) T BOR A K A
FE, B 2R 5 22 53 A il UK, K A =2 T8 1 52
HAEHIRE 3 2 AR AR A AR AR R R,
TE W3 ZPF T N2 BRSO AR A 19 38 A ]
HL AR TE T s A SR T AR ETAE N2 b3 5k
Fe KA 5 T g 7K AR 208 o D 2 of RELAR 2 T L (R R
FP-2 B ARG R, I EHOHLAR i 2 1w AR IR R L 2
SR HARL T HAMAL R AE W3 ST BRH
2R Y 2 T AR A B S 5 1 S o 1Y
P Z=FE (2016) T 5% & B, 21 /N & ( Phaseolus
angularis ) 1€ H 8] £ K & ) 35% ~ 40% F1 75% ~
809% Kb BT, JH: 2 1 A i 3 it S 3 Se g m
Wl RBAE W3 AT, X SR
K3 B A BT B AR 280k I WU, X AR
FARKARINEN ;I HAK a5 2L
XL AR R A KA —E R ER]
3.2 FiRMATHRAR RBFER T

AR JE AR W WSR2 SR O B B AR, R
K 5 AR R 1w ALY KN 0] DL i A 0 F g g7
I3 VLR 3 0 W WSO JBE (A 2, 2017) o A B
G TR K I3 AR FRBE R, N1 Ab B0 T 3R
ARAIAR AL MR T NO Al N3, 3 & 19 A8
DA K i 7K Ak B T 20 AR AR R A A2 kAR T (EA
ANAR Y FEAR I AN HE SR MR W2 A W3 LK NT A
N2 DU T HoAx Ab B, 3 SR BT NT oS Ay A1) 1 BOR
R A, XUIAR IR A5 (2015) MRS R W], a8 Y
R X FHHER ( Betula platyphylla) IR R4 K
HIEHHEH, Hob , 2140 ( Reaumuria soongorica ) pan
REUKF-RE 4 A R AR, R R4
FAR B0 A AE X BT 3K UE W] T AE — R K 4 SR A
T i Y R AT DL A AR AR Y A KOk
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