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Abstract

Aims The aim of this study was to explore the response of photosynthetic carbon assimilation and photosyn-
thetic nitrogen (N) use efficiency (PNUE) of maize to intercropping system of maize and potato under different N
addition, which has a great significance for the N regulation and N fertilizer management for the increase in inter-
cropping yield.

Methods 1In order to analyze the effects of intercropping and additional N level on leaf characteristics, photo-
synthetic parameters, PNUE and yield of maize, field experiment with mono- and inter-cropping system under
four N addition levels (NO, 0 kg-hmﬁz, NI, 125 kg-hmfz, N2, 250 kg-hmﬁ2 and N3, 375 kg-hmﬁz) treatments were
set up.

Important findings The results showed that inter-cropping planting significantly increased leaf dry mass of
maize and leaf mass per area compared with maize monoculture. Among different N treatment levels (except N3),
leaf area of maize under intercropping close to potato increased compared with that under maize monoculture.
Intercropping also increased the light saturation point of photosynthesis and dark respiration rate of maize com-
pared with maize monoculture. PNUE decreased as the increasing of N levels in monoculture maize, intercrop-
ping maize leaves close to potato (I-P) and leaves close to maize of other row (I-M), and the largest decline was
found in I-P. At the same N level (less than 250 kg N-hm2), PNUE and photosynthetic rate (P,) of maize in I-P
were significantly higher than those in M and I-M system. Intercropping system significantly improve the yield of
maize (land equivalent ratio > 1). This study concluded that higher PNUE and P, of maize close to the potato
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contributed to the increase of intercropped maize yield under less than or equal to 250 kg N-hm > addition.

Key words intercropping; nitrogen level; leaf nitrogen content; photosynthetic rate; photosynthetic nitrogen use

efficiency
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Fig. 1 TIllustration of maize monoculture and intercropping
maize and potato. I, intercropping; I-M, intercropping maize
leaves close to maize of other row; I-P, intercropping maize
leaves close to potato; M, monoculture.
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Tablel Effects of N levels on yield and biomass of maize (x10° kg-hm ?)(mean + SD)

HKT 7o Yield A& Biomass T MELt

N level (kg-hm™?) Land equivalent ratio
I M I M

0 (NO) 7.54+0.23% 5.18+0.71% 17.62 £ 1.01** 14.88 + 1.24" 1.46

125 (N1) 12.30 + 1.574° 9.99 + 1.63"° 25.69 + 0.524° 21.84 +0.73% 123

250 (N2) 14.40 + 1.67%° 11.69 + 1.97% 28.82 + 1.88%° 24.90 +2.73% 123

375 (N3) 14.29 + 1.474° 11.92+1.11%° 28.63 +2.334° 2520+ 1.75% 1.20

A FEVNG TR — R F AR FIEUKF R 2 5 22 (D < 0.05). ANFIR'S TR A — i B/KF R I E A BAE 2 [ 22 53 5.2 (p < 0.05). 1, [f]

1M, k.

Different lowercase letters indicate significant difference among different N levels in the same planting pattern (p < 0.05). Different capital letters mean signifi-
cant difference between monoculture and intercropping at the same N level (p < 0.05). I, intercropping; M, monoculture.
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Fig. 2 Effects of monoculture and intercropping on photosynthetic characteristics of maize under different nitrogen levels (mean +
D). Different lowercase letters indicate significant difference among different N levels in the same planting pattern (p < 0.05). Dif-
ferent capital letters mean significant difference between monoculture and intercropping at the same N level (p < 0.05). I-M, inter-
cropping maize leaves close to maize of other row; I-P, intercropping maize leaves close to potato; M, monoculture, P,, net photo-
synthetic rate; C;, intercellular CO, concentration; G, stomatal conductance; T,, transpiration rate; L, stomatal limitation; WUE, wa-
ter use efficiency.
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Fig. 3 Response of net photosynthetic rate (P,) of maize leaves to photon flux density at monoculture and intercropping planting. I,
intercropping; M, monoculture.
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N27K-FAEL-PHIP, M & 5 T FAE 51-M, N37KF1-P
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PNU E# i Fifi i 280 &2 15 2 301-P > 1-M > LA,

2 AFRKT X BRI TR MR TR A RIE B R T S AR HE R 22)
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31 FMEREX LIEMEMERRFNLEREMNEM
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Table 2 Effects of N levels on morphological characteristics of maize leaves grown in monoculture and intercropping pattern (mean + SD)

L] P HIKF N level (kg-hm?)
Leaf indexes planting pattern
0 (NO) 125 (N1) 250 (N2) 375 (N3)
A M 308 + 144 466 + 26™° 493 + 19"° 553 +28%°
2. 1
Leaf area (cm’leaf ) M 283 + 177 478 + 19" 524 + 137 562 + 22
I-P 394 + g5 498 + 16" 549 +235¢ 576 + 12°¢
ol = M 1.71 £ 0.09 2.55+0.08"° 2.68 +0.10%° 2.86+0.22"°
) 1
Leaf dry mass (g-leaf 5) -y 1.19+0.07% 2,66+ 0.19%° 2.68 + 0.14%° 3.0240.19%
I-P 1.44 £0.117B 2.90+0.16% 3.30 +0.285° 3.62 +0.10%¢
ALY M 55.72 +3.974 54,90 + 4,224 54.41 +1.87% 51.82 + 4.94M
LMA (g'm™
(gm™) M 4242+511% 58.33 + 2,16 63.00 + 3.86™ 53.78 + 4.60°
I-P 36.65 +2.07% 55.59 + 4,78 62.75+2.21% 48.82 +3.76™
AL R M 14.55 +1.30* 21.62 + 1.04%° 31.02 + 0.89%° 34.04 + 1.15%¢
Nmass kg
(gke) I-M 15.99 +0.714° 23.78 = 1.034° 31.17 £ 0.76% 34.08 = 0.80%°
I-P 18.68 + 0.865 24.86 = 0.66"° 32.97 £ 1.23%° 37.12 + 0.494°
BT A M 0.42 + 0.05™ 0.62 +0.01"° 0.84 + 0.06"* 0.89 + 0.06"
N'u'ca : -
hrea (me-cm ) M 0.34 +0.03% 0.69 = 0.08" 0.82 +0.06 0.92 £ 0.06
I-P 0.36 +0.03 0.72 +0.05"° 0.91+0.01"¢ 0.93 +0.02*¢

A BRI R M 49.85 + 5.24"

PNUE (CO pmol-g s 6471 4 625

I-P 75.58 + 5.38%

32.57 +0.48%° 3273 £2.37% 32.01 +£2.394°

31.53 £2.03%° 28.65 £ 0.23%° 26.32 +5.41%°

47.14 £ 5.39% 39.29 + 5.40°¢ 30.28 +2.06%¢

ARG FRHARER R — R A X R (A [F) UK 1) 22 57 2.3 (p < 0.05) A AR B = B 7] — il UK [ R A A 2 8] 22 57 53 (p < 0.05) . I-M, %
TR EARR 5 1P, S SR MR s M, B4 LMA, B Ninass, SRR IR S B Nare, SRAZTHAR S &AL PNUE, D& EA IR

Different lowercase letters indicate significant difference among different N levels in the same planting pattern (p < 0.05). Different capital letters mean signifi-
cant difference between monoculture and intercropping at the same N level (p < 0.05). I-M, intercropping maize leaves close to maize of other row; I-P, inter-
cropping maize leaves close to potato; M, monoculture, LMA, leaf mass per area; Ny,ss, nitrogen content unit mass; Nyea, Nitrogen content per unit area; PNUE,

photosynthetic nitrogen use efficiency.

R3 AFBKCTREEE KA EE AR (P AL P R (Norea) KOG A B AR (PNUE) R R

Table 3 Effects of intercropping pattern on net photosynthetic rate (P,), nitrogen content per unit area (Nye) and photosynthetic nitrogen use efficiency

(PNUE) of maize leaves grown under different nitrogen levels

HKT Pu (%) Narea (70) PNUE (%)
N rate (kg-hm?)

M I-M I-P M I-M I-P M I-M I-p
0 (NO) - - - - - - - - -
125 (N1) -1.8 4.8 16.2 50.2 116.5 86.8 -34.7 -51.3 -37.6
250 (N2) 28.8 18.8 325 98.6 172.1 158.6 343 -55.7 —48.0
375 (N3) 27.6 28.9 -3.0 101.9 174.9 173.5 -35.8 -59.3 -59.9

i FIBE N Z R FAR RS T ZENO B R iR B2 1 70 b e~ BISUEAROR AR, AU R R, I-M, SR TR TR M A 1P, SEIE S

KM A M, HAR.

The values in each column in the table were the percentage of increase or decrease of any N treatment compared with NO. The value with “~

”

indicates a de-

crease, and the other values indicate an increase. I-M, intercropping maize leaves close to maize of other row; I-P, intercropping maize leaves close to potato; M,

monoculture.
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FEN2 38 0 FINZ IS, B 22 40 i i i R R
R, RO T PRIER . JeriwF 7,
FE—Eu N, PBEM &S BN 2 4R N ok
R, Y| TX—&&E, W AEECC R Bindraban,
1999; BR7k 114, 2008), AJ e it & ik & @t 3k
SALBR B FRAEP, (E 4%, 2007), 1HEAH R KEK
PR BRGNS ANF], X — ISR
WARIE, (EFESIRNT T [N, X fE oK,
WAL B, TA4E 5 352K P it 20 (4 i S92 2 3t
ECAE B IR BURK,  BAH &5 OIS n 2 m 3R A5 5 s )
PL N, X AT RE IE 2 7E [ J5 it 00 K38 7= 1 5T
MR v T A 1 L R

BINBFFEAR H, O G pE T A & &Y
RO R, Rt & & RKH, RS =M
PUIE BN, B — 2 B E 218 PR AR (5K 2 B,
2015). AHFFE A BAE S AET-PHIP, 5 Nyass 1P, 5
Narea Z[F] 256 T 51 5 BEAK 4B 2000 R (BRI ),
E T A S BIAR — e BEE, PREr &S
BB IR, £EXF /N (Triticum aestivum) ]
WFFEd, /N Nyea H0.15 mg-em > J2 B B A 47
Fi(Tambussi et al., 2005). WA AT LAEH, £
KA, Pl Nysea 58 110 H 4% 3T 1T Norea B K EH0.9
mg-cm >, {H ¥ T35 RARIE.
32 AREKFETEEFTPNUER ST

PNUE 8 it 20 5 39 0 B, =2 22 JiR R i
Ao BN R B TP IR AR, 5L
PNUEFHR(Z= 5, 2011), AHFFIMEE RS 2 HHH A
IF 70 7 it R B AN e N2, TR PNUE RS T
AR, XA R 5 E 5 48 Rubisco Mg I35 1 22 o5
kb A 5%(Cheng & Fuchigami, 2000). H1 -3 [ fEH %
FROEARAE T 204, 9ot AR B R I i il 7% 1 4
=, THEREL B B PR, B EFHBCRES, PR EF
=, BEM 2 7 PNUE (Li et al., 2013). 2Rl iR &
I FIN3IKFB, BAE 5 REM F IPNUEZ 53 AN H
B, FEFEREMN A =i 5T B Rubiscoli#
TEPEREAIS, RubiscoM X AU X A76k, fEALAE
A 19 E$2 =i (Warren et al., 2003).
33 MERE-XARFIANMR-TEZENXR

BATHRLE 25 FBAUESE, Tk 4% 2 a1k b
BEMM, TR EAEF BN H(LER)IZHT FEIL(EER
1) R BAEMANED, SEEIN KRS T
i, HLP, SR I P s 3 o i AR K 3

www.plant-ecology.com

R, ARTEAE J5 B0 B3 00 42 Py 1 4R ik
RS, PNUERH jta 205 38 I i B iis 58 K (5R3), X ]
REIE 2 [AM/EAE = ZU(N3) R IR A AR R . 3
— 25 LI R ORI B I PNUETT LUE H, 1-PIH)
PNUER 3 T B0 [A] A K ™= 80 3508 8 PRI 1) ot
BREE K o AU SCHRTE i, m &Sk T K FE (Oryza
sativa) PNUEFEAIG 2 B T Rubiscoli§ i P4 FFAE, R
MBS B KOE A R 5 CO A% 3 B IR Fr R0
R, 2011). WEelt—P MR Em KRS T
(") Rubiscoi & P, #4586 A SR AR X — M
HATEME R, X R REESA TR ERRE
34 [EMEFEKRBMMHEXSHNESR

65 B AR A =R A= 5 5 T &
. FARHI R A B E RN CREFSE, 2011; RSO,
2000). FATIBFF RN, [EIE H [F —#k KR IIANE
Z M A-PFI-M) & B EAE A S HR I BORH
25t o RZHOL FI-PRIP K TI-M, 3 [A]4% S Bt Hi (8]
VE & R KX 5 IR 38 B g 7 5 X — 4k, i
TN, PP, K FI-M, [R] FRATT () £ 4
EIRI-PHINgea K TI-M  (R2), IXTTREFN: [-PIEIE
5P v T 1M, SRIGTR R T A R A i AN A R
ABGEE, FRAC T A R ER AR D
ZU(N3), I-PIIP AN FAEAE, Narea MR B W,
X5 S A T T 45 SR — E(Hikosaka, 2004; ZEHH4E,
2010).

AT 5T i A i T N2R, -PRIPNUEK T
I-M, X5I-PEIE R E, B HENPA K. Mt
B EIEBINIK-H], I-PHRIPNUEA B EAG M, *
BN R EE R — e H)E, PAFRM, AR
SEdE, FRARMAETAEES 5LANBEIR
#7512 75 R PR R AL B (PEP) T, T B4 S 5 & 1
Rubiscofig i PEFF e A3l o, MM S&H 7 &mA T
PNUE ] f# ik (Ding et al., 2005). [8]{EI-P P, A1
PNUER 4 ey 22 [AE 7= S AR 34 1 3 2, X T
BEMT, WA ARG BEFEREE RS
I-PHIP,MPNUEZ — M BB (1 7] @, IR ABEFT .

4 #Eip

Jit B R B T B K Ny F1P,, FRAK T
PNUE. 4% & A mTN2 (250 kg-hm ), H#ff
AN K P 357 B it 20 G I i 4K, 2 4
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BIAFIN3 (375 kg'hm 2)/KFI, BAERIT-MATS R4k
FEN2HI7KF, 1-PIP R E B K. iR EAE T
N2, I-PHIPNUER T HAEFIL-M, it % &4 3
N3/K B, P /EPNUEAR T BA BEHER, [
BE K390, PNUEFEAKTR B2 R IAT-P > I-M > 5L
B EARGRERERAHEH~EMRFALER> 1),
A o 1 I TR0 K 1) 7= B AR S W B AR, 2
R R AT g2 M B A FI-PIIP,RIPNUE R F%.
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