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Analysis of crop growth and economic benefit in an apple — maize
intercropping system under water and fertilizer coupling
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Abstract: In order to investigate the effects of water and fertilizer coupling on physiological index of leaves, yield
and economic benefit in an apple — maize intercropping system, an experiment of water and fertilizer coupling was carried
out in the Loess Plateau of Shanxi Province. The irrigation regimes were established by three threshold levels of soil mois-
ture as follows: Wi, 50% field capacity (50% Fc); W,, 65% field capacity (65% Fc); W5, 85% field capacity
(85% Fc). Meanwhile, three fertilizer levels were also set up in this experiment, including F1, N(289 kg*hm™2) +
P,05(118 kg*hm~?) + K,0(118 kg*hm~2), F2, N (412.4 kg*hm~?) + P,05(168.8 kg*hm~?) + K,0 (168.8 kg*
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hm=2), and F3, N(537 kg-hm~2) + P,05(219 kg-hm~?) + K,0(219 kg-hm~?). The results are summarized as fol-
lows: Irrigation and fertilization had no significant effect on chlorophyll content while significant effects were found on leaf
water potential. The leaf water potential, leaf area index, maize yield all decreased with the increasing of fertilizer rate;
while chlorophyll content increased with the increasing of the distance from the tree line. Different irrigation levels had
considerable influences on the horizontal distributions of leaf water potential. According to the analysis of multiple regres-
sion, the maximum maize yield could obtained when 289kg* hm =2 nitrogen fertilizer, 118 kg*hm~? phosphorus fertilizer,
118 kg*hm™? potassium fertilizer was applied during the whole stages. The theoretical maximum yield can be 10 133.50
kg*hm=2, 10 205.90 kg*hm~2. According to the results of economic benefit analysis, the maximum economic benefit
could obtained when no fertilizer applied at jointing stage, 262.5 kg*hm~? fertilizer applied at tasseling stage and filling
stage and irrigating water upper limits (about 85% field capacity). The net income can be 10 470.38 yuan*hm™2.
Therefore, the treatment with relatively low amount of irrigation water and applied fertilizer can not only obtain the maxi-
mum economic benefit but also can avoid the pollution to soil and underground water and resource waste caused by unrea-
sonable fertilization and irrigation. Accordingly, it was the most economical and environmental irrigation and fertilizer
regulation method for the apple — maize intercropping system.

Keywords: water and fertilizer regulating; apple — maize intercropping system; chlorophyll; leaf water potential;

yield; net income
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Table 1  Experimental design
WATH Jointing stage(06 — 11) SR Tasseling stage(07 — 25) THEH Filling stage(08 — 18)
ahgp ik HEAL Kt Hk HEAL K Hk HEAL Kt
Treatment Trrigation Fertilizer rate Irrigation Fertilizer rate Irrigation Fertilizer rate
reatmen
rate /(kg+hm™?) rate /(kg+hm™?) rate /(kg-hm~?)
3.1 -2 3.1 -2 3,02
/(or' s hm ™) P,05 o /(mihm™H T P,0s o /(b= P,0s K0
Wik 100 0 0 0 100 144.5 59.0 59.0 100 144.5 59.0 59.0
WLk, 200 0 0 0 200 144.5 59.0 59.0 300 144.5 59.0 59.0
WsF, 300 0 0 0 300 144.5 59.0 59.0 700 144.5 59.0 59.0
W, F, 100 82.4 33.8 33.8 100 165.0 67.5 67.5 100 165.0 67.5 67.5
W,F, 200 82.4 33.8 33.8 200 165.0 67.5 67.5 300 165.0 67.5 67.5
W;F, 300 82.4 33.8 33.8 300 165.0 67.5 67.5 700 165.0 67.5 67.5
Wik 100 107.4 43.8 43.8 100 214.8 87.6 87.6 100 214.8 87.6 87.6
W,k 200 107.4 43.8 43.8 200 214.8 87.6 87.6 300 214.8 87.6 87.6
W;Fs 300 107.4 43.8 43.8 300 214.8 87.6 87.6 700 214.8 87.6 87.6
CK 0 0 0 0 0 0 0 0 0 0 0 0
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Fig.2  Experiment plot and sampling sites
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Table 2 Effects of different water and fertilizer treatments on SPAD value, leaf water potential, LAI and yield

A BRFEAR Physiological indexes

S I S L T T T e T BRIFE Ik oA .
Treatment SPAD fH SPAD fH R4 7K 3%/ MPa JK 3%/ MPa R1{H Eisg i Maize veild
Apple SPAD  Maize SPAD  Chlorophyll Apple water Maize water Leaf water Leaf area Y ,
. . . . /(kg=hm™?)
values values R potentia potentia potentia R index
W, F, 55.8+0.8a 61.3+1.2ab 1.77a -4.00+x1.20a -5.88+0.54ad 2.09a 2.71+0.31ab 10116.8 + 40a
WoF, 57.0+£2.0a 64.0+2.2a 2.26b -3.75+0.82ab -3.95+0.64b 0.22b 2.92+0.07a 10116.5 +31.4a
WsEF, 56.1+3.4a 59.2+0.9ab 1.00cd -3.74+1.02ab -3.43+0.38¢c 0.34bf 2.93+0.28a 10166.8 + 17.4a
W, F, 56.9+1.6a 59.3+1.2ab 0.77c -6.22+ 0.47¢ -5.45+0.88a 0.86¢ce 2.79 +0.09ac 10001 + 23b
W,F, 55.2+2.1a 57.5+1.7b 0.74c -6.98+0.95d -5.83+0.32ad 1.28d 2.81+0.03ad 10016.1 = 20b
W;F, 57.4+2.7a  60.9+2.0ab 1.13d -6.45+ 0.29cd -5.60+0.72a 0.%c 2.59+0.23bede 10056 + 17.4b
W, F5 57.0+£0.9a 60.0+1.3ab 0.97cd -6.80+0.34d -6.26+0.13¢ 0.60fe 2.53+0.11bede 9840.3+15.1¢
W,k 55.0+1.2a 61.9+1.2ab 2.23b -8.70+£0.20e  -6.38+0.37f 2.58¢ 2.40+0.12¢ 9840.4 +26.1c
W5 54.2+1.0a 63.5+1.6a 3.00e -10.03+0.30f -6.68+0.48df 3.72h 2.41+0.03e 9935.7 +23¢
CK 55.2+0.1a 58.3+1.5ab — -3.1920.13b -4.09+0.28b — 2.45+0.03be 8885.5 +35d

T : [RISVEUE S AN ] 7B R A B 22 52 .35 (P < 0.05)

Note: Different lowercase letters in the same column represent significant difference at P < 0.05.
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Table 3 Variance analysis of irrigation-fertilization rate and distance from tree
B EMERE FH Significance test F value
- » ey Sken TR T
R EHSPADE ERSPADME T ERO T ek ok
Factor . JKF/ MPa JK#/MPa R . .
Apple SPAD Maize SPAD . Maize yeild
Apple leaf Maize leaf Leaf area -
value value . . . /(kg*hm~?)
water potentia water potentia index
HE/K & Trrigation rate 0.223 1.525 27.392" " 119.332" " 0.555 2.646
JENEEE Fertilizer rate 0.393 9.458" " 490.069 "~ 376.299" * 21.735" " 133.583" "
PRI 2§ Distance from a tree — 5.824" " — 77.858" * — -
WACH X BIERE 0.614 8.787" " 2.804" 55.903" * 2.677 2.760
Trrigation rate X Fertilizer rate
@/kiixﬁﬁmﬂg% — 0.456 — 185.507" * — —
Irrigation rate x Distance from tree
PR < R - 0.992 — 152.159" © — —
Fertilizer rate x Distance from tree
WK x AL x PR
Trrigation rate X Fertilizer rate x Distance — 0.649 — 30.636" — —

from tree

o FREMEE(P<0.05), » » TRl EE(P<0.01), FH,

Note: * indicates significant at P <0.05; * * indicates vary significant at P <0.01. The same as below.
80 80¢
o L
_z 70 4"’—‘“‘1% 70
5z g Az
[+
£2%0 K 2290
5a 5 5a
2% 50! 5 £%s0
1 N el BN
E 40 i = 40
= %
30 30
W.F, W2F, WiF, WiF, WaF, WiE,
IR %0 4k ¥ Experimental treatment i 4% 4b P Experimental treatment
80
o 80 BcK
= 2
%11 S -—(; 701
a
< oo
25 i 60
7
Ko 2250
H .y O N
= Kz
= s 40
30 .
0.5 1.5 2.5 3.5 4.5
LK Ak B Experimental treatment B B4 B 25 Distance from tree/m
SR B B05m [O1.5m FE25m B35m M45m

Distance from tree

B3 AEKBALEEXK SPAD EKFESF

Fig.3  Horizontal distribution of leaf SPAD value in different water and fertilizer treatments
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Fig.4  Horizontal distribution of leaf water potential in different water and fertilizer treatments
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i KR A i P A A R A e o IR
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—E 25 5, FO ARG 9 A 3 (W Fy) 0 A e
&, 3k 10 470. 38 JC - hm~ 2, I I8 &b B 1y = A4
(W Fy, WoF, , W3F, ) A K ROIE Y AR (W, ) B84
XFRESR B s 2s , A G IR 12.1%.7.4% . 1. 1% |
1.9% o FHAAIRZ S BAR ) & T X AR 2 {0
K S REAE A A, T B0 IR AR YA T R
AT BT BB D 2.5% ~ 19.2% ; K6 2 TE I A 1
i, TR 2R G i o o 3 W ek 2D o 45 A B ) VI 2
I 25 S 2 ) 15 o T % e D, A1 i A ¢ i
AR 9.4% 19.5% , AR 5 K 48 b R
R 4.6% .10.5% . X JEH Tt 2 B HE K
FEREIEIN T BA (N7 + 8242 ) , FLAE i 7K i HE i) 4k
R, P 3 P s N I, T DA U A AR A Ak
(VK B :50% Fe, i AE & : 525 kg hm™2) IR 5 B
Ko T LATE 2 Hh DR PRV 2 8 ARt A 1) 4 ol 45 38
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Table 4 Regression equation of physiological index with irrigation and fertilization rate

T/ (m’ +hm~2)

B R/ (kg-hm=2)

5 . LK ff A/ (o« b : n
Regression equation R Maximum Optimum irrigation Optimum fertilizer
rate rate
SPADy: 5 = 48.7957 + 0. 0003 xy, + 0. 0400, 0.5451 70.6657 1300 537
SPADq: 5 :48.73l4+0.0003xw+0.0989xP/K—0.0003x33/N 0.5447 57.27241 1300 164.8
SPAD+; % =91.3750 — 0. 0054 x5, — 0. 1471 x + 0. OOOZx%V 0.6461 68.4361 300 537
SPAD 5 =91‘5229—O.OOSSxW—0.3621x[,/K+0.0009x2[,/K 0.6463 59.6767 300 118
Gipg = 2.6362 +0. 0021, — 0. 0294, 0.9782" * ~3.1304 1300 289
(/Jﬁgi=2.5702+0.0021XW—0.0690561,/K+0.0001X3,/K 0.9778" * -1.45 1300 118
¢rx = —4.4614 +0.0067x,, — 0.0105x,, 0.9026 " 1.2141 1300 289
Gk = —4.5774+0.0067xy, - 0.0243 x4 + 0.0001 27, 4 0.9037" 3.607 1300 219
LAl =2.0653 +0.0008xy, + 0.0036x, 0.8808" 5.0385 1300 537
IAI =2.0376 + 0. 00082, — 0.0091x,, 0.8817" 2.0038 1300 118
Yeild % = 10278.0000 — 0. 5000 0.9959* * 10133.5 — 289
Yeild ;. = 10264.0000 - 0. 5000, 0.9959" *  10205.90 — 118
TE = oy ap g 2RI AR RUILHE A & WAL I A e P o
Note: a2y xp.xg means application amount of nitrogen, phosphate, potassium fertilizer respectively.
RS FAESEBEEREFHAMEFUE
Table 5 Cost and economic returns of maize production under different treatments
LR HEAE A KA SE N
IS ACLIL /T b ) /b ) /(b i riles
Treatment (B + 553077) (B4 + 553077) (B4 + 5530 771) (%4 +573077) /(JG+hm=?)  /(JC-hm~?)
Basic input Fertilizer input Irrigation input Total input Total income Net income
(Capital + labour) (Capital + labour) (Capital + labour) (Capital + labour)
Wi F 4875.00 510.00 331.50 5716.50 16186.88 10470.38
WL, 4875.00 510.00 773.50 6158.50 16186.40 10027.90
W3F, 4875.00 510.00 1436.00 6821.00 16266. 88 9445 .88
W, F, 4875.00 1275.00 331.50 6481.50 16001 .60 9520.10
W, F, 4875.00 1275.00 773.50 6923.50 16025.76 9102.26
W;3F, 4875.00 1275.00 1436.00 7586.00 16089..60 8503.60
W, F; 4875.00 2040.00 331.50 7246.50 15744 .48 8497.98
W,F; 4875.00 2040.00 773.50 7688.50 15744 .64 8056. 14
W F3 4875.00 2040.00 1436.00 8351.00 15897.12 7546.12
CK 4875.00 0.00 0.00 4875.00 14216.00 9341.00

3 ghgSie

I 28 G0 7 N 18] 42 X A 0y - 2 2K 455 2 W 6
JIN R KB GL AR s B A T A Bk g A A oK
A I B RO P R A X S W
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I S it 2 Tt FE 5 14 48 Jon e 38 RS 080 , 1 22 e
NESSREARA MK, =Tl S B A R R,
Ao 20 RO THE K ARt S 32 2 400 sl e 4y vt i R ) o
P BT 8 5 Tt I A B XS I 4% 26 B S 50R0 7 o
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o MAR— 8 BRI AEAL B ATyl NAS TR BE AR A T
B ORI 2 R S R M 2253

ORI £ 3R Bt A IR A A 8 o T a8 i i
35 IR S B K A 5 0 R KF A 5K 50% Fe iE
WK, ORI S4Bt SRS B 3 F) i T
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TR BRI d50 B IE 58 < I8 285 kg
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IS PRI SE R0 Ma . 0 ST gk 16 i)
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B B 1V I AR A T LR v REURE A R ke e
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PIVERI =t SEBAR Y 2 7= P 5 2 Ak A S BR 58 5% i)
Be/ME o 3B AT AT BT SRR, il it
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