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Effects of Organic Manure and Other Nitrogen Substitutes on Spring Maize Growth,

Yield, and Water and Fertilizer Utilization Efficiency

CHEN Mengru, XING Yingying, XIE Yunxia, LIU Xuning, SHAO Yating,
LI Shanshan, ZHAO Tiansheng, LU Jie, WANG Xiukang

(College of Life Sciences Yan’an University » Yan’an» Shaanxi 716000, China)
Abstract: [ Objective ] This study was aimed to investigate the effects of organic manure replacing chemical
fertilizer with equal nitrogen under different nitrogen application rates on the growth, yield and water-
fertilizer use efficiency of spring maize in the dry zone of northern Shaanxi. [ Methods | Multiple regression
analysis and three-dimensional fitting models were used to establishing an optimal nitrogen management
model for spring maize cultivation in northern Shaanxi. In this experiment, three nitrogen application levels
(240, 180, 120 kg/hm” for N1, N2, N3, respectively) and five organic manure replacing chemical fertilizer
with equal nitrogen ratios (R0, R12.5, R25, R37.5, R50 for 100% chemical fertilizer nitrogen, 12.5%
organic fertilizer nitrogen + 87.5% chemical fertilizer nitrogen, 25% organic fertilizer nitrogen —+ 75%

chemical fertilizer nitrogen, 37.5% organic fertilizer nitrogen + 62.5% chemical fertilizer nitrogen, 50%
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organic fertilizer nitrogen + 50% chemical fertilizer nitrogen, respectively ), a total of 15 treatments. During
the main reproductive period of spring maize, spring maize growth and yield and yield components were
measured, and water consumption (ET ), water use efficiency ( WUE), nitrogen fertilizer partial
productivity (NPFP) and economic benefits were calculated. [ Results | the Logistic function had a high fit for
dry matter accumulation in spring maize, the R12.5 treatment delayed the start, the end and the appearance
of the maximum value of the period of rapid dry matter accumulation, and the N2 treatment enhanced the
maximum daily growth rate of dry matter accumulation. Nitrogen application and replacement ratio
significantly affected dry matter accumulation, yield and components, ET, NPFP and economic efficiency of
spring maize (p»<C0.05), and the interaction significantly affected ear length, ear coarse, and ET (p<<0.05).
The average dry matter accumulation, yield, ET, and net income of N2 treatment were higher than those of
the N1 and N3 treatment 5.58% and 15.80%, 4.25% and 16.76%, 4.96% and 3.41%, 8.76% and 29.42%,
respectively. R12.5% ~ R37.5% treatment significantly enhanced dry matter accumulation, yield and
components, ET, WUE, NPFP, net income and input/output. WUE continued to increase with increasing N
application, while NPFP continued to decrease. Treatment N2R25 had the highest dry matter accumulation
and ET , and treatment N2R37.5 had the highest yield, net income, and input/output. Spring maize yield
was significantly and positively correlated with dry matter accumulation, ET, WUE, net income and input/
output. [ Conclusion ] The comprehensive analysis obtained showed that dry matter accumulation, yield,

WUE, NPFP, and net income of spring maize could be optimized simultaneously at the N application and

replacement ratio intervals of 190~210 kg/hm?® and 17% ~29%, respectively.
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Fig. 1 Rainfall and daily mean temperature during spring
maize growth stage
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Table 1 Experimental treatment

fEHE i N &/ A HLAL it 1 4t/
Ak 38 , .
(kg « hm ™ *) (kg « hm ™ *)
NI1RO 240.0 0
NIR12.5 210.0 771.2
N1R25 180.0 1542.4
N1R37.5 150.0 2 313.6
N1R50 120.0 3084.8
N2RO 180.0 0
N2R12.5 157.5 578.4
N2R25 135.0 1156.8
N2R37.5 112.5 1735.2
N2R50 90.0 2 313.6
N3RO 120.0 0
N3R12.5 105.0 385.6
N3R25 90.0 771.2
N3R37.5 75.0 1156.8
N3R50 60.0 1542.4
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Fig. 2 Effects of organic manure replacing chemical fertilizer with equal nitrogen on spring maize dry matter accumulation un-
der different nitrogen application rates
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Table 2  Logistic function fitting of dry matter accumulation and growth time
V/ Gt/ . 2
b 6 /d t/ () /(D , [l 5 75 e R? P
(kg * hm™*) (kg +d™)
N1RO 70.44 90.81 80.63 848.31 743.79 y=26 243.15/(1+33 702.01e” *1**5") 0.991 0.014
N1R12.5 72.20 93.07 82.64 973.50 853.56 y=230 855.72/(1+33 822.03e 126" 0.990 0.007
N1R25 70.51 90.76 80.63 896.40 785.96 y=27 560.42/(1+35 973.37¢ *"") 0.993 0.009
N1R37.5 69.81 89.76 79.78 798.44 700.07 y=24195.09/(1+37 468.63e *1%2") 0.997 0.003
N1R50 71.15 91.21 81.18 865.95 759.26 y=26 380.82/(1+42 550.89¢ ') 0.992 0.008
N2RO 69.15 88.69 78.92 833.67 730.96 y=24 737.94/(1+41 693.66e *"***) 0.998 0.002
N2R12.5 70.47 90.69 80.58 931.27 816.53 y=28 588.52/(1+36 304.08e 1) 0.999  <<€0.001
N2R25 71.10 90.57 80.83 1 126.11 987.37 y=233292.26/(1+56 199.31e *¥°) 0.997 0.004
N2R37.5 70.53 90.56 80.54 928.33 813.95 y=28 238.10/(1+39 792.10e 131 51) 0.993 0.011
N2R50 70.01 89.91 79.96 843.25 739.35 y =25 494.95/(1+39 290.97e 1**) 0.987 0.019
N3RO 70.41 90.52 80.47 823.65 722,17 y=25149.61/(14+37 842.29¢ """ 0,999 <C0.001
N3R12.5 70.93 91.15 81.04 850.98 746.13 y=26 143.79/(1+38 231.03e *15°%) 0.999 <<0.001
N3R25 70.15 90.09 80.12 866.62 759.85 y=26 241.31/(1+39 504.63e *'**') 0.997 0.004
N3R37.5 71.08 91.80 81.44 832.23 729.69 y=26 191.30/(1+31 278.80e *'*7') 0.997 0.005
N3R50 71.27 91.79 81.53 824.08 722.54 y=25672.14/(1+35 183.76e  *1*1) 0.994 0.009
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growth rate under different nitrogen application rates
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Table 3 Effects of organic manure replacing chemical fertilizer with equal nitrogen on spring maize yield and its components

under different nitrogen application rates

55 8.14%,11.13%,6.82%,10.53% ,4.63% .

b B s - HHRLE/g TR AL 1T RLEL 4 /cm M/ mm  FRK/mm
(X10" kg * hm ™ )
N1RO 1.47abc 41.26¢ 609.33abed 40.33abcd 21.37cde 53.04cdef 13.39a
NIR12.5 1.51ab 46.06a 650.67ab 44.33abc 24.10ab 54.81bcd 10.68bcd
N1R25 1.58a 46.40a 670.03a 40.33abcd 22.33bed 56.70ab 8.62de
N1R37.5 1.42abc 43.40abc 627.00abc 39.67bed 20.40def 55.36bc 10.73bed
NI1R50 1.40abcd 43.06abc 592.67bcd 39.33bed 20.60def 52.69defg 11.88abc
N2RO 1.48abc 44.68abc 624.67abc 40.33abed 21.57cde 54.22cde 10.02bcde
N2R12.5 1.56a 47.27a 655.33ab 43.00abc 22.33bced 57.88a 8.52de
N2R25 1.58a 47.01a 672.00a 44.67ab 25.50a 58.32a 7.59e
N2R37.5 1.59a 45.65ab 614.67abc 45.33a 23.27bc 54.92bcd 9.67cde
N2R50 1.48abc 44.39abc 590.33bcd 39.00cd 21.53cde 53.23cdef 10.52bed
N3RO 1.19d 41.76bc 542.67d 36.67d 18.80f 51.281g 12.50ab
N3R12.5 1.44abc 44.03abc 613.33abc 39.33bed 20.07ef 52.25efg 9.87cde
N3R25 1.42abc 44.67abc 632.33abc 40.33abcd 20.40def 50.85fg 9.37cde
N3R37.5 1.26cd 41.76bc 584.67bcd 37.33d 19.67ef 51.13fg 10.39bed
N3R50 1.28bced 41.26¢ 576.67cd 36.00d 19.271 50.25¢ 11.74abc
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Fig. 4

Effects of organic manure replacing chemical fer-
tilizer with equal nitrogen on spring maize water
consumption under different nitrogen application

rates
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Fig. 5 Effects of organic manure replacing chemical fer-

tilizer with equal nitrogen on spring WUE under
different nitrogen application rates
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Fig. 6  Effects of organic manure replacing chemical fer-

tilizer with equal nitrogen on spring NPFP under
different nitrogen application rates
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P 6.19%0,14.59% , Bl A HLAC B AC LL 1 35 L &
TR R ST E RS, T R25 Ab A RS (H .
2.6 TEXMEDH

#HE K DMA 5 MY .ET,.WUE,NC.II 43 %I1E
0.001,0.01,0.001,0.001,0.001 2% 5| & & 2 1F AH %, M
KB Kk 0.473~0.878, MY 5 ET .WUE,NC.II %
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ZH 9 M 0.375,0.974,0.998,0.991, ET 5 NPFP,
NC.II 43 %I7E 0.05,0.01,0.01 25 & & 2 1IE 41 56, A1
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(3.33X10" kg/hm*) , {H & £ K & . WUE,NPFP,
x4 TEARBEETANRERERUENEEREFUHRN I

Table 4 Effects of organic manure replacing chemical fertilizer with equal nitrogen on economic benefits of spring maize under

different nitrogen application rates

A YA R BE IR B AR

WA/JIJ6 « hm™*) s/ HCA/
ik - - - } i ) I
it HoAth SAEA (JiJG » hm ®) (196 » hm ™)
NIRO 0.15 0.80 0.95 2.20abc 1.26ab 2.33ab
N1R12.5 0.15 0.80 0.95 2.26ab 1.32ab 2.39ab
N1R25 0.14 0.80 0.94 2.37a 1.43a 2.51a
N1R37.5 0.14 0.80 0.94 2.13abc 1.19abc 2.26abc
N1R50 0.14 0.80 0.94 2.10abced 1.17abce 2.24abc
N2ZRO 0.13 0.80 0.93 2.22abc 1.29ab 2.39ab
N2R12.5 0.13 0.80 0.93 2.35a 1.42a 2.53a
N2R25 0.13 0.80 0.93 2.37a 1.45a 2.56a
N2R37.5 0.13 0.80 0.93 2.39a 1.46a 2.58a
N2R50 0.12 0.80 0.92 2.22abc 1.29ab 2.40ab
N3RO 0.11 0.80 0.91 1.78d 0.87c 1.96¢
N3R12.5 0.11 0.80 0.91 2.16abc 1.25ab 2.37ab
N3R25 0.11 0.80 0.91 2.13abc 1.22ab 2.34ab
N3R37.5 0.11 0.80 0.91 1.89¢d 0.98bc 2.08bc
N3R50 0.11 0.80 0.91 1.92bced 1.02bc 2.12bc
=Yk
N / / / % % % % % %
NXR / ns ns
0.10
0.05 Corr:0.878*** Corr:0.473** Corr:0.820*** Corr:-0.174 Corr:0.874*** Corr:0.863%*+
0 o
IO
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2.8
320 1 . TR TYS .. '00.’..
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WUE . 4+t A B 28 fb B 5¢ 42 4H S, BD45 2] ) NPFP
RMEMERS XS Ty R & WUE %
WA 1 A DX R 48 TG 7 8 X3, — ELAR S8 KA b
15 D] B 38 B, T 45 30 1 AR Ak 45 S0 & ™ E BRI R &
KT BRE AR OWUE S A L B85 oKk
PR R A R 1 B AR B LS AR R T
B R s CWUE B I A M. T4 i &R
FREL IR B A 99 V6 By B A5 X 8] 9 B, Jir &5 7 it 2
AR AR H ) X TR A ) S 174 ~ 212 kg/hm® Al
159%6~31% s 7= it ik B A fH 99 26 1Y & A5 X A Py
BF T A e 2R AR AR B 8] X RD 43 G R 178 ~ 216
kg/hm?Hl 15% ~32% ;24 WUE ik 2| A8 99 %0 iy
AT D] P B, P 7 it 28 R AR L ) X TR] A3 Ry
190~242 kg/hm” 1 11 % ~29 % 5 245l A 5 31 e A
18 99 %0 By EAF DX [a] PN B, BIr 75 19 it 28 o R 2 X L
X [] 43 1 Ay 180~210 kg/hm®* F1 17 % ~30% ., ik,
MUT Y R AL 7w WUE R Il A B i
99 Yo 1Y A DX ]2 H AR A5 5 25 4 1 it 2R 2 A AR
e 45 X 8] 23528 190~210 kg/hm? 117 % ~29% , I
i, NPFP i 77.05~85.27 kg/kg. %15 NPFP #x kK
HE) 65% (8.

x5 HBEAETERALINBEUENEEXRTYRE
fAE .2 .WUE.NPFP &I AN EIFX &R

Table S Regression relationships of the coupled effects of

nitrogen application and replacement ratio on dry

matter accumulation, yield, WUE, NPFP, and

net income of spring maize

A 1 15 e e
YR y=—1916.212+329.880 X

S
P N —0.832 21 X N* +282.010 ¥ 0.903
RINE

R—0.329 37X NR—4.711 03 X R*
y=—954.528+158.824 X

a3 N—0.393 82X N*+4125.497 X 0.845

R—0.154 57X NR—2.056 41 X R*
y=1.208 96+0.032 654 X

WUE N —7.224X107° X N*+0.038 290 X 0.827

R—6.839X107° X NR—5.789 X 10" XR*
y=152.929—0.403 69 X
NPFP N+4.919X107° X N*+0.760 18 X 0.966

R—6.677X107" X NR—0.013 19 X R*
y=—10 181.792+4235.237 X N —0.590 73X

N?+188.246 X R —0.226 86X 0.831
NR —3.084 62X R*
T N AR 25 A A A AL

Hl A

F6 BMEEXRTYUREMRE .2 .WUENPFP &N FT 3T 5L B i & = 508 K L 6]

Table 6 Nitrogen application and replacement ratio corresponding to optimal spring maize dry matter accumulation, yield,
WUE, NPFP and net income
- it B BAE ?%)ﬁ?ﬁﬂi( -4 | WUE/, NPFP/ ?%Llﬁtf\/ |

(kg * hm %) (X10"kg+hm %) (X10'kg+*hm *) (kg*m *) (kg+kg "H(JTJL * hm ?)
RALT Y R 194 23 3.328 1.614 5.094 83.990 1.491
SC 3/ W s 198 23 3.327 1.615 5.105 82.391 1.490
it WUE 216 20 3.284 1.600 5.131 75.069 1.460
%L NPFP 100 26 2.604 1.246 4.178 122.162 0.965
o SURELLON 195 23 3.328 1.615 5.097 83.590 1.491

3 3t ® e R F 0 K K MR8 B 2 R R
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T o R B R A A A RKOIR B R
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Ja BB ROCR 24 A 3T o BB R BB A K
o [ 50— A Al B F L, 5 TN B S A R
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P[] 327 482 117 o A7 858 T 4 B0 H e R R AP 2
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ORI KA . 3 24 B A HLAC AR L ) TR T+

R25 CBFAR 25 %0) 4b B4 F- 35 H e K38 K i i » 400l
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FREL i R i E oK T W) ke 2 B8 4 R T = it
B R . FEAHIESE N TR A LR 45 /R AR AT L
191 %:F 4 Jox R Rk ) 5 e S ] aet v s A A A LR
SR BT ok T R R 7 A R R
M, R25 CEE AR 25 %6) Ab 31 - 35 T 9 Jot 38 B o 1) I
. g A R 0 R R A R T R A
o —EEHREK,

http: // stbexb.alljournal.com.cn



10 7K PR A

5 38 4

TEAW T il BAE 24 T £k T i R i
(1% 5 LT B, Bl it R0 i 3G 0L R OKR T i B AR
R LT FHESE. S5 ZHANG %00 i 78 45 1
AEARL BT R A~ J7 10 0 D PR, i L e R R AR A
PR PR E A K s R E Oy L AR
F14) il 280tk T 3 VR A i 3R DG G 6 R AT B, B0 AR
MOLAERERE BARF ERRBZAERK, ME TR
Y R SR — FLiE R VR W i SR O 0 1
1B, 7™ (4 AR AR R 3 2 o BEL A9 AR 3R 7R 4 Wi, Bk
Tk R M HIAE Y T BT B R 8 AT
WA R SR e AR AT iR R EORE SR AR
FIVAE B 28 IR R 5 20 06 B8, H 3 o il S0 4T M OF i
TN IR AR A R B4 DA HE R AR 0 B A
W B UE R AR T REE AR TR ER TR
iy BT

B2 6 Y SN0 A5 B it X A 1 7 i L
TE Y RN A LIS A5 AR AT L BT S AR THE Y
e, RS R LB 5L IR A L 24
A HLAE B 10 1E AR A &b B R = R OK AR 6,079 ~
19.53% R mAEFAEYE 2.16% ~21.76% ., B %
SO 3E 2o 22 A A 3k 0 X U R I it A AL A R
X A A K = e 55 MR F 5% % B AR G T AS it B RN
BTt AR A, P A ok 2R T it 7 AL AES Ak T S 4 T
TR T BRUE AR . AR R L A LI
B AR LA X A R AT R~ 5 A 3 52 (p <<0.05) ,
B AT MLAE AR L 91 0 T v o R OKORF L 7™ et T 43 7™
A A R CEORL R BEUR B AR A R R &
Je b T B AR A A, 7 A e B B4 D TR AT R R e b
XA AR b AR A B AR T i S T R
D FE A 38 e A R R A KR RO R AR B AR
N 38 A AU S8 B AV AL 5 il A S R £
KA AR R G R AL I e L B T R A R
KA M A R RSN AT 2 AR
KRB MREY R R K, A FH TEY ™ 2 IE ),
PRI U 365 o 30 BILAE B AR B ] T A Ak T o, 1
NG es » AR A HLAE T & K 1 3% 4 AR L
Jo o KR 7 3 A0 & O T HE LR b 3R 1
Al RG2S , 7E B A B [B) PN BT R A R 4 A R
FT LA A5 MR 45 0 AR B A9 3k o BsF s X A 9 A= K F
PR AR, A HLICHLECHE T A RO THE Y
7R 28 UF AL A OF H 24 A ALIE 45 A2 AR i AE
25 %0 2 A B AR B AR L 5 AR I 4 SR AR A ]
R25 AR 2590 Ab 1R 19 °F- 34 77 i L vl AL R L
531/ N/ T~ Ot/ i L 1| O/ NN i 4 A S8 T2
FER(p<<0.01), BEH] N1GEE) (N2 AR (N3 ik

HED b3 A FORE R i A R A
255, B A RIS, B B KT A R
Bb St e AR Ak R g, 7E N2 CrpIED) A BT 3k B S5 f (H
S AR A AL B B AT BE R Y i A R B N2 O
JIED 3 m 2] N1 R AL B a5 09 018 $ Ak 30 il B &
KARFBAER TN A F S 98D VR WA R K o3 F 33 43
(W RE 7 & 3 AR 0™ 5 53 A TR R FRE SR &
R AR 4 18 0 R I RN > B B OKE SRARE (HR
ZER R AT T CFFRD 551z, 1T 28 - 58 2
R HERAEY) A= Wy I R E], AT 4 7 i, YAN
S BIF T 4 SR T 0 E A
32 AEABERETENREERERLEXMEFEEX

WUE #1 NPFP {50

it ey 7T ) TR SR 5 DX Al iy B4R T L T R 8
KR AT ST B, it A B AR B D R
HRXEXNEEKRET AR B EZW(p<<0.0D), Ui H
HALIE AR LI B E K ET (1 ma 5 i 2 & A 7]
BATER. WMEERSAE T BFEKRE S LU,
BEKRAEERM A 22 EKERE. 5SEFTE
ST 45 R R, &b BRON2R25 Ky FE K B B
(319.56 mm) , {H 5 4L ¥ N2R12.5 # N2R37.5 [A] J¢
S FE A AEE N2 (PR F1 R25 (AR 25 %)
Ab B R AT R TR R K A AR AR R R (AR
) SN2 0 R IR S IBUH AR T 2 50K 4y, 48
# ET . WUE J& [ BAEY) 7= 5 FK 53 0 #6 i 2 A8 A8
i) s — R R BIE X, AEABESE L it A 4 WUE
W R (p<<0.01) W NTCEAED) (N2 CFRAED F N3
CIGAE) 4b B 173 WUE f7 78 3 25 5, Bl 4 it A i
B, WUE $5£2 | F+ . H M N3 (KA 34 fin 1] N2 (v
JIED &b B SF- ¥ WUE 3 i W1 5 & T N2 CRrIED 3 n
F) NI R AL, AT B 2 35 S A 2000 480 A K i 3F AR
FEKMEZET R EEYZRBRE T, I8 /Ew A4
AR R A 2 AR 15 4 4 DA DX R 22 W WK gy
FE AL K PR T SO T i 1 R R 3 $E T WUE, SR
1M > 24t HE i 3k 22 B0 5 ke AR Xk 2 vk i R 3 L L
A I 2R TR TC R K S T FE [ B 52 e o K
P . B WUE, Bl & BC it A B & 32 T+
WUE 1y 53 b — F F Bt 78 A& BF 58 v, R25 O AR
25 V) A A WUE 3/ T H A b B, 555K 4
R B GTAR R, T R S & A ALIE i A T B
DAk 5 Wy 3P 5, B v R R TS () s 41 o] 4 K 43
(R 258 A7 B8 AR 1 7K 3 )T 8038 XoF S B 5 b A
Ap AT sk ke A HEE X,

NPFP J& fiif i /5 P S0 N0 A 280% = % 1Y) 5 22 45
bRz —. AW R, iEA &S NPFP 77 4 ) B 3

http: // stbexb.alljournal.com.cn



CHER:]

WR A 401 55 A BILAE 45 80 AR AL B X 45 oK ARG L 7= i AR JIE R 28038 1) 52 T 11

TAH 5 Bl 25 it 280 B 59 I, NPEP 43 22 F A, 7T BE & i
T 1 R RN T 51 L K R St A
SIEAH G, 2t R i — o A R R, £
F R K&K NPFP, 55 4h, B8R it 2 2 7+
R AKCFE I B (E TR e R A )
WCRE 1A R L, Wl 35 43 51 B A7 B K P 2 1
i B AT R R ORI U A L R
T8 NPFP B ifi 20 & 0 38 I 45 28 B AR 0 55 — R
R, A HUAE S ZUE AR IR L ) 4 3 oKk NPFP A
B E R (p<0.05) , 1 1 34T AILAE B A bb 4] mT i
# 4 E KM NPFPLR25 R 25 Y0) b BB . 5 LI
SR g 24 S AR B 43 B LR R A] RE 2 A HLAIE 5 4k
JE 38 B A9 it T S B T A 3 v R R SR A 1 W
BT 4R v AR L B3 A SR IR O L AT R T
F >k PFP,

33 EFEHFEEKREK.E.WUENPFP M1 & 5

I EA=E Xy e

B — Qb P TE K [ B e Jo5T 22 A 4 s [ B e AR L AT
BRI Z Binfifb . 7638 £ W B 2 4~ B 5 1 &
FERIE A B 7 i), % 3] NPFP e K{HAY 80% &
FX ST R =& WUE Fg it A 6 E
B X3, — BRSO b X T 91 B 2 1l T4 o 2
Bl =i WUE g A KRR, B % I+
FEX TR EME. " & WUE flg i A 17
HErpuAt, 8 o 38 0 T 9 s R a7 1 . WUE Flig
WA 5 it 2 B R A L ) 1Y) OC R AR B il A o R R
ARG A DX ] 43531 2 190~ 210 kg/hm® Fl 17 %6 ~29 %
if . Ak X 6] BT 45 ) B9 NPFP 7E 77.05~85.27 kg/
kg, HEARTYRZRM G )75 WUE Figilc AT
KB RARAER 99 % LA |,

. ® s @
1 o~ 32000 s % 60 # £ 15000 ; & 60
% 30000 : 14000
g = 28000 50 Low
13 000 50
& 5, 26000 & 12000 ; 40
=) 24 000 7 . 40Q\e 11 000 . \a\\a
T 100 30§ 10090 30 &
130 130 3
160 20 & 2 160 2())%‘?&’
%ﬁgwo 10 g, 190 10
kg ., 220 € * by 220
L% 250 0 250 g
5.5 ' : . ;:n 130
w5 S 60 8 110 60
§ 4.5 ; 50 & 90 50
5 4 ; ¢ 40 a 70 40
3.5 30 \s\ E 30 \Q\
100 : { & oo &
130 20 130 20
160 & PRI &
@ﬁg 190 10 % Ry, 190 - 10 &
Mg ., 220 kg,, 220 A
my 250 0 by 250
o5 A
< & 13000 - 60
2T 12000
# o 11000 50
=1 10000 i
%000 N
100 30 R
~
11,%0 160 2%3
%@( 190 10
43 220
) 250 0

T« R £ A AR A5 Ak A R 52 T (L ) ST 34 45 0 € DX O 00 ) 3R 38 K T W o R 1) 99 D0 LA DX ] L 7 ik iR AL (EL A9 99 %0 LA IX [l , WUE
HRARAE 99 %6 A7 X 1] , NPFP R A 80 6 A7 X ) F g A e I F 99 %6 1% X 1] 5 P& v 14 B30 €0, by 9 28 21, 3% 7 5011 B 85 e A 00
B8 BEERKTYREMRE. "E.WUENPFP MIEKUANSHEREMBERILGANXR

Fig. 8

tion and replacement ratio

Relationship between spring maize dry matter accumulation, yield, WUE, NPFP and net income and nitrogen applica-
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