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Photoresponse Characteristics of Spike Leaves of Maize in
Ningxia Yellow River Irrigation Area

JIA Biao HE Zheng
(School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract; The objectives were to enhance calculation accuracy of physiological parameters of
photoresponse, and assess photosynthesis mechanism and characteristics of maize under fertigation of drip
irrigation in Ningxia Yellow River Irrigation Area. Using Tianci — 19 (TC19) as experiment materials,
the photoresponse curves of spike leaves of maize were measured by Li — 6400XT gas exchange system
under six nitrogen rates at silking stage of maize from 2017 to 2018. The rectangular hyperbola modified
model and other four kinds of common models were used to analyze photoresponse process of spike leaves
of maize, with the aim of evaluating and selecting optimal model to calculate the photoresponse
parameters of maize. The results showed that there were differences in the fitting accuracy of the four
models, and the right angle hyperbolic, non-orthogonal hyperbola and exponential models had poor fit to
the nitrogen-deficient (NO) photoresponse curve, and the rectangular hyperbola modified model had the
highest fitting degree to each rate which was used as the optimal model to calculate the photoresponse
parameters of maize at silking stage. The photosynthesis ability of maize was increased and then decreased
with the increase of nitrogen rates. The photoresponse parameters ( compensation point, light saturation
point, maximum net photosynthesis rate, apparent quantum efficiency and dark respiration rate) of N4
(360 kg/hm®) were all higher than those of other nitrogen rates, and there was a slight decreasing trend
in N5 (450 kg/hm”). The conclusions can be drawn that the rectangular hyperbola modified model can
be used to calculate the photoresponse parameters of maize, so as to diagnose the nitrogen nutrition
status, regulate the optimal nitrogen application rate, improve the photosynthetic capacity at silking
stage, and enhance the yield of maize.
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Tab.1 Foundation fertility of soil

K55 Ay J st/ jinigivd J b/ Ji Jrig 4 g it/ pH 14
(g-kg™") (g-kg™") (g-kg™')  (mg-kg™')  (mg-kg™')  (mg-kg™')

2017 11.45 0.80 0.51 37.37 19. 04 102. 52 8.12

FEERS 2018 12.82 0.75 0.48 36. 82 17.37 95.31 7.65

5 e 2018 14.83 0.92 0.53 39.44 20. 63 111.25 8.57
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Fig.1 Response of P, to P, at silking stage of maize under different N rates
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Fig.2 Fitting results of photo response curves of maize by four models under different N rates
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Tab.2 Fitting analysis of models
2017 4 2018 &
o ST Ryse/ (pmol-m ™%+ 1) M, p/ % R? Rysp/ (pmol-m ~2-s71) M ,p/ % R2

NO 1. 196 1. 006 0.983 0. 760 0.589 0.994

N1 0. 628 8.492 0.995 0.941 10. 421 0.992

N2 3.542 17. 668 0.982 4. 681 18. 448 0.975

ELAAL B N3 1. 130 0.933 0.992 1.274 1.027 0.991
N4 52.438 1.249 0.983 36.774 1.259 0.987

N5 38.165 1. 170 0.982 37.156 1. 149 0.983

NO 0.581 0. 385 0.996 0.521 0.438 0.997

N1 0.610 2.712 0.995 0. 146 3. 140 0.999

N2 0. 647 0.053 0. 996 2.746 0. 650 0.991

R LR 2R N3 0. 645 0.514 0.997 0.724 0.592 0.997
N4 0.317 2.818 0.998 0. 625 3.174 0.997

N5 6.553 0.779 0.992 5.487 0.748 0.998

NO 0.436 0. 341 0.998 0.324 0.262 0.999

N1 0.597 1. 245 0.996 0. 326 0.909 0.997

N2 2.058 0.789 0. 996 1.116 0.883 0.994

ELLH 2 A I AR N3 0. 696 0. 545 0.997 0.741 0.579 0.997
N4 0.238 1.878 0.999 0.432 1.344 0.998

N5 2.476 0.721 0.997 2.617 0. 685 0.998

NO 0.754 0. 628 0.993 0.512 0.397 0.997

N1 0.527 3.902 0. 996 0. 604 2.029 0.995

N2 2. 880 0. 856 0.995 4. 940 0.736 0.994

EESE N3 0.618 0.476 0.998 0.678 0.538 0.997
N4 0. 255 2.422 0.999 0. 447 2.366 0.998

N5 5. 046 0.717 0.998 4.021 0. 670 0.998
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Fig.3 Model verification
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N4;P, . F1 LSP fig fe it 22 J 1K B AL i B KO &
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Tab.3 Photo response parameters and formula from optimal model I

Punas? Lce/ Lsp/ BRI AR S
Ay A3 o Lo a SR =
(pmol *m™2+s™") (pmol *m~2+s™") (pmol -m~?+s~") Ry/(pmol-m™+s7") /(pmol-pmol ~") B ¥
NO 22.279 32.330 1.438 x 10° 1. 467 0.029 2.46 x10°* 572 x10°*
N1 26. 692 52. 006 1.750 x 10° 1.500 0. 031 3.15x107%  1.08 x10~*
N2 29. 129 85.773 1.932 x 10° 2.813 0.031 2.79x10°*  7.40x10°°
2017 N3 35. 894 93. 500 2.109 x 10° 3.455 0.042 2.40x107°  6.84x107*
N4 38. 090 96. 618 2.311 x10° 4.148 0. 047 1.35x107*  2.71 x107*
N5 37.905 94.915 2.264 x10° 2.857 0.043 1.92x107* 1.2x10°°
NO 23.223 48.118 1.736 x 10° 1.787 0.028 2.17x107*  3.76 x10~*
N1 28.119 54.987 1.815 x 10° 1.549 0. 037 3.17x107%  1.43 x107°*
N2 29. 651 68.976 1.884 x10° 2.739 0. 034 2.23x107%  2.01 x10~*
2018 N3 36. 134 83. 111 2.011 x 10° 2.824 0.038 2.56x10°*  7.30x10°°
N4 39.472 102. 932 2.461 x 10° 3.949 0.051 2.93x10°*  1.50x10°*
N5 37.915 90. 887 2.163 x10° 2.794 0. 044 1.87x107*  7.0x107°
3 Wi ANt 8 (NO ) & B 6 40 i 30 4, H At it 20 & 0K 1

e A PR A 0 3 T 0 D B 4 L
T2 2R R A KR 2 1 5 TR T 2, X E D
SRR LG BR KRS S
W WG R 2R G IR 3 it T
B AESE TR F 582 | 0 TR A b
AR R e 0 RS R, T
FEknt 28], A P, > 1500 pmol/ (m?+s) B,

(N1 ~N5) i P, BBt 35 O 56 1) 3 i 52 38 i 4, N1
N2 ZE i 3 T, N3 A1 N4 S i oK, NS Ak B B
WA, W AR T N4 CIET 1) o 150 P 3 65t 50T 412 v 3
K v 22 TR I 14 O A R 2E T R K ROt
BN A E A, R G K B0 2 DM
il B A A R

Jea R REA RO L & 1 R 5 a A %K
A Z B SRR R MR e & 1R



158 1 Y = SR

201094

W L AL SEM RGO — R B B R B
KW R U, B ETEr R F 0 VR e o7 4S80 i 4
HHLBERE S 7 R, B BT AR
WhoE 45 R kB, fE O K ok £ ], Py, <
1200 wmol/ (m®+s) ML T, 4 Fh A Y 1) BE 4 4 Hb
PAES R FZLE T oam g (& 2), 3 P,y >
1200 wmol/ (m’+s) B, BEHY T AR RHLE, Y Py >
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Jof 2R 1 A I EE 52, At 3 A AU SE N M A 2%
WFFE 45 55 T 45 7 16 2 5K i T T 45 AR,
HEMSEE BRI R W
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iy 28 18 O — 2% TR B 1) 3 2, 78 S bR g o, SR
T 55780 T TG 3k o B 40075 D6 10 R, e D o A UL
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FE 5 WS TR) R A B T oK 22 01 ) 6 A Ak
S M 7 TR 2 T A S A ) 1 6 A AR B
AR OGRE A A OGR4 A A BRI, X
TRAEWAEK LT BAEEE L, RSk
o AT S WA W) 55 0 O G o AR O R A A R0 1 3R
55, — % 0. 04 ~0. 07 wmol/pwmol | & 3 B A [l
Jl T K RE e (b RO A AL 25 5, WA ] oK
2239 « 7€ 0. 028 ~0. 051 wmol/wmol Z [H], & &
AbFE (N3 (N4 N5) ) o HEAHBLEO. 04 wmol/ pwmol LA
b UL AR T R OK S 0E T R RE R AL AUR .
P AR 5 KOG A0 1, FEAB 2275 X O 1 )
FARE S AT R W, BIAF Al S AR T P
i NO 455 69.97% ~70.97% , F Wi A T %
KX i R T BE 010 R, J2 5506 R B — B id niz L
i, A A A B A ) 0 R R AR S R
R, #E NO Ab 3T 5K, N4 Ab ¥R 35 21 5 L Uk BA 7E

MRAESRAT T FOK i o FEAR R, R 080 /0 Bk 0 FE R 4E 15
H B A . LCP I LSP 3 51 A% 3 1E 43 i Fi )
FHO B 5 B 1 S5 AR R e o BE 0, SCRR 11, 13 JAF5E
A A il R AT $R e R OKE S Y LCP R LSP H, A B
S FEUH N4 Kb FH [ LSP % NO Ab FH L 35 T 41. 74%
DA b 150 B 3 o it 2R PT  OK KT 5 % A 3 7 i
AT AR IE T K I 3 AR K

F A BRI W, ok LSP 7 S ) 1) i i
SR ARG S U R B 45T ST A S
A MR 4R = B oK TSP 5 i #, a8 D i .
ASBIFE ST PO AF B 25 B, A )i B T O R B S 8k
LSP 7E oKk 22 11 A5 Ak 3 [l A K, B it 60 4t 19 34 o
JeFtE e AR (% 3), 2 LSP /N TF 1,736 x
107 pmol/ (m’+s) i, /™ 5 Bl 40, 7 i 58 & " ; 4
LSP 7£ 1. 750 x 10° ~2. 109 x 10° pmol/(m’-s) 75 [l
B Ak A1 07K OF-, W 3 o il L 24 LSP 7E 2. 163 x
10° ~2.461 x 10° wmol/ (m*+s) i Bl i) it & 1 &, A
B it 080 5 24 LSP KT 2 311 pumol/ (m” - s) i}, &b
F i il A KV (% 3) o W7 SR A = v, W] R
LSP SR H W F oK M R i A/ 2 E R R0, @ BTk
M )07 2 50 T oK it A 4 77, DRIk 5 K Jol &0
P& BRI RR Ty, 2E T % 5 7

4 it

(1) oK ik 22 J1 5 588 D' 7 3 I e 1] it 2 o 184
02 B BA SEH FN 3 B 7E 1. 438 x 107 ~ 2. 461 x
107 pmol/ (m’+s) Z 1] ; 4% %0 & Ab Fl 22 5 5 K, %k i
A BRI B R B /MK IR N4 NS (N3 (N2 NI,
NO,

(2) it 0 B A 3 360 kg/hm” B it 4 AT 45 755
KRR M a P, LCP LSP Fl R, 555600 I 2 44 ;
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