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W EARETELERTARSNAL BT ERETE T ERNERAE WA AL TNAK,
FEAKEFABEEDH, ULEAD 1016 hFHERNZ HTERARAE, FTRAAS THRENE AR RBFR,
# 5 & A O(NO) 40(N1) 60(N2) A 80(N3)kg « hm™, 4 ANAKF; Ko7 6 b4 -4 E B Sk ik EE 5 K
(EARTIRH 45% , LR K 90%) (W1) (P JEF K 55%(W2) BEFTK65%(W3) (FEHEHKET L) T H
(WOY4 ANAT, RIERKY AR TERM L EREAE AL KPAEARNYNEE, AT RKLAE
BRWARAE, B it & %5 12.73%, % 7 13.09% , 1 & NAE 120.68% , {82 & & #{X WUE, & % #1% 20.92%,
MEMABWNE I, LARS AT TRERTHREURFEM WUE 2 &% G R4S, &R WUE & & 8 v
32.03%%1 34.03% ,NAE [ i & &3 Jn 7 FEAK, B 5% & 1 33.23 kg « kg™ (N1) £ 9.57 kg - kg™ (N3) , 618 % 247%,
BEHBRET ALEXRERNEE AR AETEELFEHREFEHRR 60 kg - hm ™, b4 -4 BRI LT ALE
(N2W2) hE B A R B KEEEHE R, FEH 6485.03 kg - hm™, 77 ELiF 2 4 ¥ 5 & 65 WUE Fr NAE, 4 7] i 2
2.02 kg - m>F1 38.82 kg - kg™',

FEERE TR L RAEE; B KEAFA
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Effects of regulated deficit irrigation and nitrogen application on growth,
yield and water-nitrogen use of peanut

HU Jia-qi, XIA Gui-min, ZHANG Bai-lun, ZHANG Yan, CHI Dao-cai
(College of Water Conservancy, Shenyang Agricultural University, Shenyang, Liaoning 110161, China )

Abstract; A field experiment was conducted to assess effects of RDI and nitrogen coupling on growth, yield
and water-nitrogen use efficiency of peanut Baisha 1016 in the whole growth stage of peanut for mitigating yield de-
cline caused by drought and explore the feasibility of regulated deficit irrigation ( RDI) in the semi-arid region of
western Liaoning province. The main plot was nitrogen with four levels, NO(0O kg N + hm™), NI1(40 kg N -
hm™), N2(60 kg N - hm™*), and the subplot was the water deficit ( severe deficit—W1, 45% of field capacity;
moderate deficit=W2, 55% of field capacity; light deficit—W3, 65% of field capacity). The results indicated that
RDI could significantly increase the plant height of peanut by 12.73%. The highest yield could be increased by
13.09% and increased Nitrogen Agronomic Efficiency (NAE) 120.68% , but it could decrease water use efficency
(WUE) by 20.92% at most. With the increase rate of nitrogen, the peanut plant height, leaf area index (LAI),
dry matter, yield and WUE all showed a single-peak curve. The highest yield and WUE increased by 32.03% and
34.03% respectively comparing to NO treatment. NAE reduced by 247% from 33.23 kg « kg™ (N1) to 9.57 kg -
kg™ (N3). There was a significant interaction effect between RDI and nitrogen. The finding suggest nitrogen fertilized
at 60 kg - hm *and moderate deficit at flowing podding stage with the highest peanut yield (6 485.03 kg - hm™),
higher water use efficiency (2.02 kg *+ m™) and nitrogen agronomic efficiency (38.82 kg - kg™ ) in this region.
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AEA J& AL T4 PR T AR = R IR, =5 —
REYZEHEAEY) 2014 AR 44 (LR FRTTBLA £135.60
T hm?, A E AR AVE S TE FUY 6.6% , 77 & 62 )T
t, 5 A E 1Y 9.6% , MU T AR 5 43 A 5 4 [ Y
555 MRS 8 Y I TATEAE A R B
P, A BE THRAEY BB ERER
bR AT AR B R K ), B R K g s T
S AG A BRIV RS 1 FH ) A5 i 46 24
PAERE L, R AL A WO VR, A R R
IR, T LA AR A T R 50% A4

V87 #EBE (regulated deficit irrigation, fij #X RDI)
& — R FHAE P % A= 3L 68 DT 35 315 7K H 3
W=, T 20 T2 70 AR T ph RO A 0 455 22
WA ST BT Tatura 042 Y #0002 F) F A
Yy B B XK 05 SR R, S AR IR A E Y
AEREE, HBEWCE Y e E B A H s,
NI T8RS B AR IO, s R 2 5F
FH AR, SRR SRR AL B T
IKBEENERIREA BB R G K3 F L3R YA
HEAHEAE AR BER , FLPM R T T LAZR 54 i 2
WUE' 38 M1 ZUIE A 7T LB AR R 1) T4 I R
S TR AR B — Ul R R

2 E T 1988 A5 A 77 HEME , fse ) TR
RIS, B 055 T 1998 4R TF 4RI 5 i 5 |
ABIREAE T bt Z e 5 R BT 5T
FEFR I | AL TR, A/ RN R
KRR AR I BT AR R DL R, (AR AR 1Y
WFFERCREN D WARGE . AL LAAEAE SRl /N b
TR G RIBCRI AR BT, EAE A RS 453
AT AN [RIRRBE B 7K 5098 75 BFSR AN [l R T
TEWERTAEA: A 7 i SO BRI AR 152l LU
o AR A BT 7 AR A e AR AU =

LB

1.1 R X

RIS T 2016 4F 5-9 HAEALEH T 5 R RK
Rl P00 DX Y BB 50 B AR B AT L TR &
121°02" ~ 122°54" b4 41°42" ~ 42°55' Z [a] | i ik
213 m, Z A BTN 4 493. 1 mm, B4R A
138.5 kWh « m™ 4E PSR 7.2°C  /EW 4 & BT
PIRR 20.2°C ,10°C LB AR 2 900 ~ 3 400°C ; o5
150 d, ZFHIREWE R 493.1 mm, H b E
AR 68.5% , B 5 KM BLGR  AEF 47E
A1 847.6 mm, FIEAE 1.40 g - em™, HIA]HF
IKE32.15% ( HARFUE 4 L), b i+ R /K3

K 8~13 m, I & AP S &M 13.05 ¢
~kg  REEGE 1.28 g - kg, BEMA 92.15 mg -
ke ™', AU 18.76 mg - kg ™', HUALE 201.43 mg -
kg™, +4% pH {H N 6.15,
1.2 REMR5iET

ISR R AT, (A AR Rl R FH R S8 L
LMz AR RN E Y (F T 1016) , T 2016 4 5
A 14 BHUHIEF 9 A 17 B, R85 1w 2 500
m® AR R B 2.25% 10 Kk + hm™, KZERATFH
B SR 2B TP A B — S5 T HEAT , BB SE 100 em, 1T
rH ) 1AL — A% T T AT, SR IS U VR E TR K A b
K BEEXGAE TT, T A RF (it UE R K
SRR ) o XA A, T IX KAy T R
Jiti > O(NO) 40(N1) .60( N2) Fl1 80( N3) kg -
hm™ 4 NIKF 5 K o375 SO AR - 45 IS 2K
FRE 5 KHEK TR N 45%, (W1) FBRN 90% (F
[f]) FHEET K 55% (W2) R 5K 65% (W3) (i
H AR 2 4 ) AR SR (W0) 4 A7, 4616 4>
AhEE B/NXA S m, P8 2 m, /NX R 80 em YR 47
TGS, AT k7K A EMNE 3 IRER . 2016
AR T I H oK R A SRR 1R,

R HEEBPARAKERENTE
Table 1  Precipitation and effective precipitation
during peanut growth period

H ] Date
05-14~ 06-1~ 07-01~ 08-01~ 09-01~
05-31 06-30  07-31 08-31 09-17

Lo
Index

A2 E=N
HEK &t/ 12.4 42 2369 807 7.6
Precipitation

AR/ mm

Effectiveprecipitation

6.4 24.5 147.8 71.3 7.6

1.3 W7 iE
1.3.1 E3EAKRE FEANRAE N HBRK
FIE SENTEK 23 7427 1Y Diviner 2000 {5 4% X 1- 1
JK A3 H I 2 10,20,30,40 .50 .60 ecm A 70 em
TREE B 3 K R 5 ORI E — IR, TR R e
LN Ep IR
1.3.2 % & . FHREATamdgdeagne MWk
W R 20 R 10 R E A6 A vk s, e R
A= AL, AR I R 8 A T 5 S R HE Sk B AY
A FE Yanxin—1241 g BUSCI & 46 Az i T B3
SR RS 5L
1.3.3 A FsenzE 2AFMESRE, 5/NX
ST R THEAS N P, 45 A BRI (E
1.3.4 #KEET 64 FEK R R HK 65
AT

ET=W,-W,+W +P,+K+M-F



WT:667(H2_H1)7(0/_0>
P,=oxP
X, ET B BeRE K (mm) 5 W, W, o — i B
(CCEE ) 10 OR 0 4 e 0% 3 2 N i K &
(mm) 3 W, oAy BT A B 00 0 108 2 398 A iy 1 %) 7K
Bt Com) 0, R o (B K %) 0 R

MR 2B SRR (EREKE(%)) ,y B HIER
FH(g-em™); Py BT BN RSN & (mm) , P R

WEEM i (mm) o HERABFI I RE(P<5 mm
Bt ,0=0;P=5~50 mm Hﬂ‘ o=1;P=50 mm Hﬂ‘ o=
0.75), K MBF B N L F /K A4 5 (mm) 3 MR B B
PHEZK B (mm) 3 F O BE B I B (mm) o 38R 7K
TREE A BOoH 7K A2, K= 05 1 T3 56 >Rk Y
HEKTT X T HE , HE K TR R E B AR/, 7] 220
At HHR F=0,
1.3.5 itiig4m

FEZK 58 & ( Water Consumption Intensity, CI) =

WA FFEE o HE S SR AR AR 7 i BOK B T RS2 189
ST WREAK R A TR (1)
FE/KFEL ( Water Consumption Percentage, CP)
= £ FWRK R/ SRR E (2)
IR HE 7= % (Water Use Efficiency, WUE) = &
A i/ FEK R (3)

FHEAC 22 F] % ( Nitrogen Agronomic Efficiency,
NAE)= (AR = - AN AX 7 6) /s (4)
1.4 HESWH

K H Excel #4750 8 22 &, SPSS 20 #47
BT AL 2 PEAS 56 ( Tucky HSD 5, P<0.05)

2 ZER5HT

2.1 ARKEEETHESETHOFEKS N
AEAE A F AN [ K 43 A BRE K 5 0L 3% 2, K
REAEE AT A F BWFEK & FEKBECRFEK
SRIE LR 3, & 3 AT LLE b 2 Bk K E
S AT h R R R X

xR2 RESEFHARKSLEEKE

Table 2 The irrigation amount of different water treatments in peanut growth period

AEEF ] Flower stage

ZESEINHE K Pod stage

o WAE KR/ WAKE AR e
[rrlgatlon times lrrlgatlon amount of per time lrrlgatlon times [rrlgatlon amount of per time
W1 1 34.56 1 43.2 77.76
w2 2 26.88 1 33.6 87.36
W3 3 19.20 2 24.0 105.60

®3 KEEEREFFDEFTHNFKE FKRYEMFRKEESTEST(F RK)

Table 3  Effects of water and nitrogen interaction on water consumption, diurnal water consumption and water

consumplion percentage and analysis of variance(F test) at different growth stages of peanut

e iy Yy
s o | i B PR
Treatment eeding stage ower stage od stage ature stage Total/mm
CA/mm CI/mm CP/% CA/mm CI/mm CP/% CA/mm CI/mm CP/% CA/mm Cl/mm CP/%
NOWO 27.08 0.75 10.66 120.30  3.54 47.33 48.54 2.11 19.10 58.25 1.94 22.92 254.17
NOW1 27.45 0.76 8.46 152.12 4.47 46.85 88.51 3.85 27.26 56.59 1.89 17.43 324.67
NOW2 27.31 0.76 8.30 145.66  4.28 44.28 92.00 4.00 27.97 64.01 2.13 19.46 328.99
NOW3 26.98 0.75 8.49 129.77 4.40 47.09 77.35 3.36 24.32 63.91 2.13 20.10 298.02
N1WO 28.39 0.79 10.84 99.80 2.94 38.09 69.19 3.01 26.41 64.63 2.15 24.67 262.01
NIW1 28.77 0.80 8.71 146.80 4.32 44.42 92.61 4.03 28.02 62.28 2.08 18.85 330.45
N1W2 28.08 0.78 8.37 131.73  3.87 39.26 107.47  4.67 32.03 68.26 2.28 20.34 335.55
N1W3 27.96 0.78 8.63 118.25 4.07 42.68 90.29 3.93 27.88 67.39 2.25 20.81 303.89
N2WO0 29.07 0.81 11.76 93.53 2.75 37.83 78.33 3.41 31.68 46.32 1.54 18.74 247.25
N2W1 30.69 0.85 9.64 126.09 3.71 39.60 110.24 4.79 34.62 51.39 1.71 16.14 318.42
N2W2 31.24 0.87 9.73 117.56  3.46 36.62 120.87  5.26 37.65 51.33 1.71 15.99 321.00
N2W3 30.41 0.84 9.86 109.81 3.82 42.09 96.86 4.21 31.40 51.35 1.71 16.65 288.43
N3WO0 31.27 0.87 12.31 90.40 2.66 35.58 78.93 3.43 31.06 53.48 1.78 21.05 254.08
N3W1 32.62 0.91 10.02 122.78 3.61 37.73 111.07 4.83 34.13 58.98 1.97 18.12 325.44
N3W2 31.20 0.87 9.55 124.49 3.66 38.08 112.15 4.88 34.31 59.04 1.97 18.06 326.89
N3W3 31.09 0.86 9.87 112.52 3.90 42.08 97.76 4.25 31.04 53.55 1.78 17.00 294.92
N 23.19% " 26.79" ¢ 58.93* " 51.23** 64.19" " 78.93% " 76.98" ¢ 49.87* " 2.06
W 1.02 61.10" " 124.94" 14.27" 141.78" " 30.80" " 8.21" " 49.97" " 73.2727 "
N =W 0.43 0.23 1.99 2.88" 1.80 2.58" 292" 2.69" 0.015

T CAFE/K R CLAE/KHRJE ; CP . AR AKARAL. + Fm R

VI 3 P<0.05, * * R E P<0.01, A,

Note: CA:Water consumption; CI:Water consumption intensity ; CP; Water consumption percentage. * , and * * indicate significant at P<0.05,

extremely significant effect at P<0.01.The same below.
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—F(F2), HE 1a wTH, N2 AP (iR 60 kg -
hm ) H R FAEA R & K IFEMN 7 A 23 H
(FEET D) 22 R IF R I W, JF H i &R e BI00R, N2
AR R G B 64.26 cm, 23 5T NO NI Al
N3 4b#H 10.24% .3.86% 1 4.69% . H & 1b A A,
W3 AbFE (KRR 65% ) BRI~ +F - 50 A A F 18
AR EIGE FFH N 7 A 13 B (FE5H ) 2 707
U, JF H e AR e 2IOR , W3 b B bR & e 25k
F] 64.26 cm, 2 =T WO W1 A1 W2 AbFE 12.73% |
9.52%F1 4.03% , I H 7K 53X T 464 #k e 1Y 52 Wi 8
R FZ IR TR 2

70
g 60
o
=50
o0
240
£30 —— Wi
[=9}
fir 20 —— W2
¥ —— W3
10
0

0 20 40 60 80 100 120 140
4 1 J5 K % Days from peanut sowing/d
(b) /KAEFE Water level

1 KEEIEXEEREHRIT

Fig.1 Effects of water and nitrogen interaction on plant height of peanut
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Ko TEANIRN it A S HE K AL R 46 AR it T AR A 4K
EAEAS AR Horb, A6 A i I I O W) it
X T AR ETC 0 3 5 e, FEAR T I 45 8 1) Kl
SR, it 260 A 0 T AR R B At 2 I, T AR
5 S it 2R ) HG 0 S E BN, 7E N3 AR PR (60 kg -
hm™) SR B K (&l 2a) o 875 FEBE AT LIS inde A& nt
T FRR B, 6B 45 26 & W 1R AR B0 72 W2
TIKALE (BEAK TR 55% ) ik Bk (8 2b)
2.3 ARKREMEXEETHRMZM
IK AT FIRERL 5 VR 0 T ot R DIAE G, Hh

3, 4 AR S K5 A SOK BaZ HAEM
XPACAE T Jo f 1) 52 M 25 3K B A i 3 KF . N2W2
WO (WEIK TR 55% , i 60 kg + hm™) T4 i
FRE K, 355 113.41 g, L NOWO ( R 35 ATt & ) Ak 38
AT YR BB/, N 64.66 g, J3HT HEHON,
N2 4b 38 4% 51 &5 0 NO . N1 Fil N3 & B 29.17% .
18.48%F118.10% , I Hik 5 ;i /K-, 2FFHEK b
PRES R TR R0 HE . W2 b B> 58 WO W1 Al
W3 AbH 15.41% .7.16%F1 8.39% , H.Ik %) i /K-,
2.4 ARKEREMEXNEETENHIT

Hh 2% 4 Al R R 5K T Bl & B ag
HF AR A 0 7 A A 2 s, T A
T ROV 53 B (R 5) WA, Bl E AU A & Y
BT AR A RN IS SRR AR R
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Fig.2 The effects of different water and nitrogen supply on leaf area index of peanut

x4 KEEERENTUR EMKEFALERFTESN(F KRE)

Talbe 4  Effects of water and nitrogen interaction on dry weight, yield, water and nitrogen use efficiency

and the analysis of variance(F test) of peanut

R - = T b2
Tréttfn!;nt ];f;vtw;,ﬂ}?ei;}i Wate*iﬂ;izflﬁr;ion e (ﬁl'(iild ) WUE/ (kg - m™) NAE/ (kg - kg™)
NOWO 64.66f 254.17 4155.531 1.64{g -
NOW1 76.99cdef 324.67 4211.07i 1.32jk -
NOW2 71.65ef 328.99 4645.50gh 1.41jj -
NOW3 78.53cde 298.02 4244 .401 1.31k -
N1WO 75.92cdef 262.01 4783.73{gh 1.83d 15.70de
N1W1 80.41cde 330.45 5094.50ef 1.54fgh 23.46¢
N1W2 84.03cde 335.55 5115.40de 1.52ghi 23.99¢
N1W3 77.81cde 303.89 6147.57b 1.86cd 49.80a
N2WO0 78.99¢de 247.25 4598.85gh 1.98ab 20.03cd
N2W1 98.36b 318.42 5440.07cd 1.77de 21.41cd
N2W2 113.41a 321.00 6485.03a 2.02a 38.82b
N2W3 86.21bc 288.43 6234.57ab 2.16a 34.65b
N3WO0 84.22¢d 254.08 4951.53cd 1.95be 9.95ef
N3W1 71.81def 325.44 4609.30h 1.42ij 5.67f
N3W2 81.90cde 326.89 4656.67gh 1.42ij 6.26f
N3W3 81.30cde 294.92 4946.93¢ 1.68ef 16.39de
N 3068.92 " * 2.06 355.900 " * 424.253* " 988.909 * *
W 890.59 " * 73.272" " 111.867" " 207.984 " * 395.740 " *
N W 682.24" " 0.015 35.883" " 30.399 * * 97.443" "

T W —8IARE TRERoR B R 22 5 M) 5B ROR B0 22 5% (P<0.05) , T ],

Note; Different lowercase letters in columns are significantly different at 0.05 probability level , and the same letter indicates no difference, at 0.05

level. The same below.
2.5 ARKREEXMELE WUE BISNE

X T WUE, B 7 22530 (3 4) AT, it &L /K 4
TH BB HX T WUE (32 m 8 2%, h E£51
N AT (36 5) vl AT, FAE Dy 1 , 4645 19 WUE Fifi 5 Jiti
R AU I S e 1 S AR A A B AE N2 AL B
FFRAE (1.93 kg - m™) , Bl 5 2 N1 FI N3 4b B,

NO b AR, {U N 1.44 kg - m™* K4y BT 1T, A
FEWLAL PR WUE S, JLfE o 1.85 kg - m™ 52 8
w7 KR RS G K Ak 3 R B A R {E (5 523,11 kg
- hm™,5 300.65 kg + hm™) , {H52 5 /K &b B )
WUE A2 48 8 (1.70 kg - m™) o W20 — %
MIZE HRN (3R 4) , TCie A A VK T, AR
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Jiti & X T AEAE WUE 9 5% i 4 — 3%, 89 7 il &0
4 N2(60 kg « hm™) it , WUE A8l KM, EEAR
] (Rt R 2% 8 T, WUE X 7K 43 19 Wi 17 A5 £b 20 A8 —
HARRIAENE AT, KX FAEY ™= Uk i
FIANIR] | DA B AL A BRI X g 1Y 7= 2 A2 A A
], #E T R BUK 433 WUE #9520 AEE—3, N2W0
HIN2W2 b HAA B I K WUE, H #2248
%, 1.98 kg » mPH12.02 kg - m ™,

x5 AREKFEERFESELLE S ( Tukey HSD %)

Table 5 Multiple comparison ( Tukey HSD test) between

main factors of water and nitrogen

FHF  FWF/g TR Yield WUE NAE
Main factor Dry weight /(kg + hm™2) /(kg-m™) /(kg-kg™")

N

NO 72.96¢ 4366.99¢ 1.44c¢ -
N1 79.54b 5283.55b 1.70b 33.23a
N2 94.24a 5765.89a 1.93a 28.73b
N3 79.80b 4916.11b 1.63bc 9.57¢
%

wo 75.95d 4879.71¢ 1.85a 15.23¢
W1 81.89b 4838.74¢ 1.53b 16.85¢
w2 87.75a 5225.65ab 1.62b 29.69h
w3 80.96b 5518.37a 1.70ab 33.61a

2.6 ARKREELEITEE NAE BIFNT

NAE Sz xT 7 & i ok, ik 4 4 5 0,
Jite 2B K A3 75 i LA R — 35 1 A8 LU X NAE 2
Mk 2 . NAE B it 20 i (0 15 I 5 22 A1, Hh
i 33.23 kg - kg™ (N1) FEARE] 9.57 kg - kg™
(N3) , Bl Is 2] 247% , 1 Bl & 5 /KRR BE A 4%
NAE 8 3585, M HE AR HE K AR 3 W1, W2 Fl W3 43
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