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Effects of Nitrogen and Phosphorus Regulation on Photosynthetic Capacity and
Yield under Soybean and Maize Rotation

ZHANG Ming-cong, HE Song-yu, JIN Xi-jun, WANG Meng-xue, REN Chun-yuan, ZHAN Ying-ce, HU Guo-
hua, ZHANG Yu-xian

( College of Agronomy, Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract; In order to explore the effects of nitrogen and phosphorus regulation on photosynthetic capacity and yield under soy-
bean and maize rotation in Heilongjiang reclamation region. It was carried out in the Jiusan administration bureau of Hei-
longjiang province. A field experiment was conducted in two growing seasons (2016 and 2017) , maize-soybean and soybean-
maize rotation were planted respectively in 2016, increasing nitrogen and reducing phosphorus in maize stubble, reducing ni-
trogen and increasing phosphorus in soybean stubble, to ensure that the total amount of nitrogen and phosphorus fertilizer was
the same during rotation period. The results indicated that under increasing nitrogen and reducing phosphorus of maize stubble
with maize-soybean rotation in 2016, compared to conventional fertilization comparison (MCK) , the application of increasing
50% nitrogen of soybean and reduced 50% phosphorus of maize in maize stubble (MT2) increased SPAD, net photosynthetic
rate (Pn), stomatal conductance (Gs) and transpiration rates ( Tr) of leaves, dry weight of vegetative organs and ear at milk-
ripening stage, yield of maize. Applying MT2 resulted in higher yield increased by 4.45% (P <0.05) as compared to MCK.
In 2017, soybean was planted to reduce nitrogen and increase phosphorus with maize-soybean rotation, compared to MCK, in-
creased the photosynthetic rate of leaves, dry matter accumulation of vegetative organs at early and late of RS stage, and in-
creased yield of soybean but did not reach the significant level. While under reducing nitrogen and increasing phosphorus of
soybean stubble with soybean-maize rotation in 2016, compared to conventional fertilization comparison ( SCK), reduced
SPAD of leaves, photosynthetic rate of leaves and dry matter accumulation of vegetative organs, and reduced yield of soybean,
but did not reach the significant level. Increasing nitrogen and reducing phosphorus of maize stubble with soybean-maize rota-
tion in 2017, compared to MCK, increased SPAD of leaves, photosynthetic rate of leaves, dry matter accumulation after large
bell stage and yield of maize. Yield of MT2 was 12. 65% higher than that of MCK (P <0.05). This study investigated the re-
lationship between ways of NP applications and changes of photosynthetic capacity through in a field experiment during two
growing years, aiming to provide a theoretical basis for high-yield and high-efficient photosynthetic capacity under the same of
the total amount fertilizer during rotation period. The application of reducing 50% nitrogen of soybean and increasing 50%
phosphorus of maize in soybean stubble, and the application of increasing 50% nitrogen of soybean and reducing 50% phos-
phorus of maize in maize stubble can significantly increase yield of maize, but soybean yield was not decreased, so the total

W5 HEA:2018-07-17

BE&WH : B EZFHE TR (2014BAD11B01-02) 5 KT8 SFHERHETTRIT0 H (2d-2016-107) 5 e T4 [ 285410 L1 H (€2016042) ;
P E A R R 4 (2016 M591568 ) 5 B 1T\ — A B K A 1l B R o 3 4 (XYB2014-04) 5 E K AR AR 7=k 45 A 1k &
(CARS-04-PS17) .,

F—EHEE N IR (1983 - ), 5, A, YW, FZME HHEHHE 5 R E IR S5 . E-mail : zhangmingeong@ 163. com,

BWEE Tk Ee (1968 - ) 0 #4715, RN F R G A B ER R 5T, E-mail ; zyx_Ixy@ 126. com,



884 K =

B 6 1t

yield of soybean and maize rotation was increased.
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Table 1 Soil foundation fertility of O ~20 c¢cm in 2016

WiFEAEY) Orgi?iﬂﬂ 4% Total N 48 Total P 447 Total K B NOy -N AL Available P 34 Available K "
Fore crop B /(gkg™)  /(gkg™)  /(gkg™') /(mgekg™h) /(mg-kg™") /(mg-kg™")
/(g-kg™")
F ok Maize 15.6 0. 82 0. 62 0. 83 146. 6 35.9 161 6.08
K7 Soybean 16. 0 0.93 0.76 0. 86 152.5 37.4 186 6.19
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Table 2 Timing and amount of fertilizer applied with maize (kg-hm™?)
b i A 2 AL N
Qb3 it A £ PO, K,0
Treatment Fertilizer amount KAl Base fertilizer B AL Top dressing
MCK RO Y O 69 69 105. 00 45
MT1 14 1/3 & W 1/3 69 87 70. 05 45
MT2 18 1/2 & U 1/2 T 69 96 52.50 45
MT3 148 2/3 5 W 2/3 W 69 105 34.95 45
®3 KEHEBEMERAEH
Table 3 Timing and amount of fertilizer applied with soybean (kg-hm™?)
b 5 N
Qb3 it A AL PO, K,0
Treatment Fertilizer amount Base N rate
SCK V% =K0) RO 54 67.50 30
ST1 U 1/3 A 141/3 36 102. 45 30
ST2 T 1/2 & 11/2 w 27 120. 00 30
ST3 I 2/3 A 14 2/3 W 18 137.55 30
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L4 1 FHRAREZ TEARWINEOH(RE HH Excel 2013 #F 47 5t 45 Zic 4 19 &b 35 0 ) K]
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Effects of nitrogen and phosphorus regulation on SPAD of maize



886 K =

B 6 11

2.1.2 RAFAEsT K2 SPAD ¥ % K2 Al
H1,2016 4ET — R K TR A il A I
SPAD 2 FR&#a %, 1 SCK ST ., F1 ST2 #H Lk, 2= 5
AN, BB AR R G AHE 1138 F I R S B VR 15 A #45 T
TR AE PR 1 W 5 A g v A A, A e Ak B
SPAD {H, fi ST3 % SCK A kb, B&AIK 9.45% (P <
0.05) , P WA K GAE H AN AL , 38 it i I % &0 1Y
WA AR ) 5 2017 AR K - GRET, TR

ab ab 2016
SCK ST1 ST2 ST3

AbFH Treatment

a

TR St M SR WA T 5 i A K A R RR A
SPAD RFEIH W] A 22 52, Ul W R - FoK 4
PRI G T B A U A 45 P LA P2 i SPAD fH,
PEMR R & - TOREAE T e a ™. 5
SRR T, 8 T Rk T T K U
AIZEAETT , S R e B B R R RS R
FXFRER MW, il MT3-ST3 4k B4 MCK-SCK #H
HeTE 2 225

a0 2017

I a a
MCK-SCK MT1-ST1 MT2-ST2 MT3-ST3
AbFE Treatment

2 FEEBHEEITKE SPAD B0
Fig. 2 Effects of nitrogen and phosphorus regulation on SPAD of soybean
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Table 4 Effects of nitrogen and phosphorus regulation on photosynthetic rate of maize

A ab 3 Holt G P SALFE Gs ZRIBHAE Tr ffal CO, W% Ci
Year Treatment /(umolsm =251y /(mmol-m~2-s7")  /(mmol-m~2-s7") /(umol+m~2-s71)
2016 MCK 20.15 £0.55 ¢ 0.14 £0.01 ¢ 1.4320.11 ¢ 82.30+1.09 a
MT1 21.60 +0.23 b 0.15 £0.02 be 1.50£0.16 b 80.60 +2.39 a
MT2 22.66 £0.29 a 0.17 £0.01 ab 1.52£0.11 ab 75.10 £1.58 b
MT3 22.56 +0.41 ab 0.19 £0.01 a 1.55+0.19 a 75.30 £2.01 b
2017 SCK-MCK 18.140.39 b 0.13 £0.01 ¢ 1.2120.09 b 73.80 £2.03 ab
ST1-MTI 19.55=0.11 b 0.15+0.01 b 1.3120.13 ab 75.30 £1.88 a
ST2-MT2 21.66 £0.20 a 0.17 £0.01 a 1.420.06 a 69.21 £1.26 ¢
ST3-MT3 21.56 £0.32 a 0.17 £0.00 a 1.40£0.07 a 71.90 £1.19 b

AR/NG FRACGRZE RIAE) 5% BE K, TR

Different lowercase represented significant differnt at 0. 05 level. The same below.
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Table 5 Effects of nitrogen and phosphorus regulation on photosynthetic rate of soybean

AEf 4k 3 ol B AR Pn ALRE Gs FRIE A Tr Jala] CO, #eE Ci

Year Treatment /(umolsm~%+s~")  /(mmol-m~2-s7")  /(mmol-m~2-s7") /(pmol+m=%-s71)
2016 SCK 18.64 0. 31 be 0.38+0.03 a 4.6220.09 a 43.90£2.19 ¢
ST1 18.23£0.22 ¢ 0.35+0.05 b 4.50 +0. 10 ab 45.90 +1.36 b

ST2 17.5120.31 a 0.34£0.01 b 4.46£0.13 b 48.60 £2.88 ab
ST3 17.05 £0.43 ab 0.30 £0.02 ¢ 4.3120.08 b 50.10 £2.39 a

2017 MCK-SCK 16.87 +0.29 b 0.39+0.02 b 4.22+0.16 b 48. 11 +2.04 ab
MT1-ST1 16.99 £0.31 b 0.41£0.01 b 4.29£0.23 b 49.36 £1.91 a
MT2-ST2 18.15+0.22 a 0.49 £0.01 a 5.01£0.19 a 46.31£1.99 b

MT3-ST3 17.05 +0. 19 ab 0.46 £0.02 ab 4.59 +0.18 ab 47.01 +2.18 ab
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Fig. 3 Effects of nitrogen and phosphorus regulation on dry matter accumulation of maize
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Fig. 4 Effects of nitrogen and phosphorus regulation on dry matter accumulation of soybean
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Table 6 Effects of nitrogen and phosphorus regulation on yield of maize

FhHLAEAy Ab 3 HEATHL ATk HHRLE s

Year Treatment Number of rows Number of grains 100-grain weight/g Yield/ (t-hm~?)
2016 MCK 29.24+1.22 a 14.98 £0.51 a 30.21 £0.59 a 13.27 0. 11 b
MT1 29.68 £2.03 a 14.63 +£0.99 a 30.80 +0.61 a 13.37 +0.22 ab

MT2 29.97 £1.06 a 14.99 +£0.46 a 30.84 +0.44 a 13.86 0. 19 a

MT3 30.08 £0.98 a 14.74 £0.42 a 29.70 +£0.36 a 13.16 £0.21 b

2017 SCK-MCK 28.00+2.01 b 13.82£0.99 a 29.81 +0.11 a 11.54 £0. 16 ¢

ST1-MT1 28.68 +1.98 ab 13.97 £0.31 a 29.40 £0.22 a 11.78 £0.22 ¢

ST2-MT2 30.49 £2. 11 a 14.40 £0.99 a 29.61 £0.29 a 13.00 £0.19 a

ST3-MT3 29.24 +£3.01 ab 14.00 £0.41 a 30.12+0.19 a 12.32+0.13 b

2.4.2 RAPREMREZ S WP WEERTAH, A& LR ORA R WK, BT AR R

2016 AFFifi R 5 UM A It ol , R K744 b B 4
FEARR, AHR IR I 7K o 2017 4F 1 5 Fir 78 B K58
T3 S 7 58, AR AE 1 R B B 2016 AFAH
FRZAE A R A, BTy ek ol DR 2 7 1t A ) o 0 i 44

T SR RTE S8 it i, K 2
W R O R 2 K 2 1 7 B 0
A — AR L.

R AHEARNKEFERFEMHREIZIE

Table 7 Effects of nitrogen and phosphorus regulation on yield of soybean

FEAE AbF PRIEEL R HRLE s
Year Treatment Number of pod Number of seeds 100-seed weight/g Yield/ (t-hm~?)
2016 SCK 18.49 1. 11 a 45.61 £2.31 a 13.80 +£0.31 a 2.33+0.81 a

ST1 18.53 £1.20 a 44.28 +1.99 a 14.03 £0.22 a 2.30+0.53 a

ST2 19.24 +£2.36 a 44.58 £3.09 a 14.21 £0.36 a 2.31£0.44 a

ST3 18.64 +£1.24 a 43.02 +2.88 a 13.98 £0.29 a 2.29+0.36 a

2017 MCK-SCK 17.09 £1.31 a 30.13 £2.31 a 13.90 £0.26 a 1.55+0.21 a
MT1-ST1 18.53+2.22 a 30.81 £3.02 a 14.03 £0.22 a 1.57£0.19 a

MT2-ST2 18.84 +2.19 a 30.69 +2.88 a 14.17 £0.31 a 1.61 £0.22 a

MT3-ST3 18.24 +1.37 a 20.18£2.16 a 13.89+0.29 a 1.5320.17 a
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