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REZEE,FRTARENPKELSINEZ EXLEGEE FERAQFASFNT W, FRXW AL EAXHE
EBFHMHAATEERARFHATEMNR ST DE ERM KD IR2FR, EIAME S, & E LA & A, R
HFAHF, FRRENRZREG T ANEMERAOLEHE T Foet F Ko A &, B34 0L N3P2K2 4 i o &3
FFnvt KA R R m (N 45 R 16.59 ‘umol'm’z's’lfﬂ 36.07 ;Lmol'mmol",fﬁ*éy\?']ﬂjtﬂ 29.26 ;Lrnol'm’z'
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BN KRR EE, BN FREFM_H R AT THEAE, LN E FAREFELNBRAEREG T
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Photosynthetic parameters and water use efficiency of wheat
and maize under different rates of N, P and K

YANG Yong-hui'*?, WU Ji-cheng'-?, PAN Xiao-ying''?, ZHANG Jie-mei'?,
HAN Wei-feng''?, WANG Zhe'?, WANG Yue'?, HE Fang'*
(1. Institute of Plant Nutrition & Resource Environment , Henan Academy of Agricultural Sciences , Zhengzhou, Henan 450002, China;
2. Yuanyang Experimental Station of Crop Water Use, Ministry of Agriculture, Yuanyang, Henan 453514, China)

Abstract: Field experiment was conducted to explore the mechanism of photosynthesis and water use efficiency of
wheat and maize, under different N, P, and K rates of the same irrigation condition. The results showed that: the rea-
sonable irrigation and fertilization in key growth stage of wheat and maize can promote and synchronize the water and nu-
trient uptake, improve the photosynthetic physiological characteristics, promote water — saving and increase crop yield.
Different N, P, and K treatments significantly increased photosynthetic rate and leaf water use efficiency, And the photo-
synthetic rate and leaf water use efficiency of N3P2K2 treatment was the highest. Meanwhile, different ratios of N, P,
and K nutrition increased the yield component of wheat and maize. Finally, the water use efficiency and yield were the
best for N2P2K2 and N3P2K2 treatments. However, the recommended NPK ratio for high profit was N2P2K2.

Keywords: nutrient ratio; irrigation amount; wheat; maize; water use efficiency
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1.1 HREHER

RIS AR P 7K A 50 7 Y 3 MR AT, TR
62 mo %M X & I W AT 2 T R ARV, AR K
657.9 mm, H:H1 68.8% = 7E 6—9 H 1y, FFr7E 4k
K HFRAE T F A AE Oy Al BBk, A R K E R
AL BRRZ TR G 1 R g i 1, e 3

A1 ML BFEAPLE 1.4 g-kg™' 2R 0.81
g kg™ BEAE A 74.31 mg- kg™ AL 19.8 mg-
kg~ LA 90.3 mg-kg ! ZIX Rl T R ON/NE
FREEAE

1.2 iKEigit

A5 I 45 T 2013 48 10 H /NE 3B FIT 06 2
2014 4F 10 H FORWGREE W . 18057401 & : NIPIKI |
N2P1K1,N3P1KI, N4P1K1, N1P2K1, N2P2K1 , N3P2K1
N4P2K1, N1P2K2, N2P2K2 , N3P2K2 , N4P2K2 , NOPOKO,,
N1.N2.N3 N4 735 # 7 ANE I i 120,180,240 kg-
hm™2F1 360 kg« hm™2 (24 1 08 FH & 0 300 kg -
hm™2), P1.P2 43 5| 2 m B HE I 8 90 kg« hm ™ 2F1 135
kgrhm™%, K1, K2 73 5|/~ 8 IE Al & 75 kg hm™>Fl
150 kg-hm™=2, 8 A AC A1 A0 38 S — MR T it (4
F/NX N, S F /N HLE A7 IR, SR )5 4T e
BE AEHL) | 72357 R S AT K, K
450 m®+hm ™2 K N CYHE R K B K O 600 m?
shm ™2 1) o AN RO IRT 58

TR AR B AR /N AN XN AT, SR AR E
NIPIKI., N2PIKl. N3PIKl. N4PIKl. NIP2KI,
N2P2K1. N3P2K1., N4P2K1., NIP2K2. N2P2K2.
N3P2K2 ,N4P2K2 NOPOKO, N1.N2 N3 N4 4353/~
AE i 180,240,360 kg hm™2H1 450 kg hm ™2 (24
H&UIE A N 420 kg hm~2), P1, P2 43 55l R i I
FHH M 90 kg hm™2F0 135 kg-hm~2,K1 K2 /35l 7R
BRAE FH A 75 kg hm =21 150 kg-hm ™2, B AL
RE R — R Rt (N I8 450t , VAR 5 em) , 43
SRR T 0 R R A R AT E K, E K R 450 m -
hm =2 Y~ T CY b R K B3 K, R 600 m? - hm =2+
W) o EREFNFERE 958,

1.3 WEMBSAE

1.3.1 &AM ZE ESHCRMEE Li - Cor
NV FE ) Li - 6400 YA 0 2 . 7E/NZERESR N
(2014 -5 H 15 B ) FE AR KWW HI (2014 47 H
25 H )ik BIIC KB KT 9:30—11:00 #4706
GSEIME .

D B0 /INZE R IBE I, T oK R B 4
-

ME S EOEEEZE Po(pmol-m=2-s71) (K
LS Gs(mmol*m™ 257 ") ZEMEHZE Tr(mmol-m™2
s,

- H K F HZCR WUE (pmol - mmol = 1) 313
ﬁm-m:

WUE = Pn/Tr (1)
1.3.2 ZAFHAMEHHE  BGRI/INE LI/
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1.3.3 ARy it
KA TR (kg mm ™'~ hm=2) = Fhi = 4 (kg
~hm~2) /£ F IHFE/K 2 (mm) (2)

AHBIFKE = FBFET 0~ 100 em + )2 13 4%
KA (mm) + £ FBIAFERE (mm) - BOGREF 0 ~ 100
1.4 #¥EE

RIEE &£ SEUE R 9 WER (RGP 3 4>
HEEWNHIE 3 ADFEa) AT, e R
N 3 WE S AR SE, BB B ge
2 SO R BORGE T4 (DPS) A T AL BE

2 AR5

2.1 MNEFEREFHRRNERESH

M 1 a5, 2013 4F 10 A 17 H/NE #EFh F)
2014 4F£ 9 H 30 H E AR YR BT 0 B 1k 548.9
mm, /NEE B IR ER SN 191.7 mm, EAKEF
WP RN &l 357.3 mm, Hidr,2013 £ 10 A 17 H
NEREFF 10 AR TCREK, 11 A FERT 47. 4 mm,
2013 4F 12 H 12014 4£ 1 H LRE/K,2014 452 H 3] 6
A 8 H/NFE Wk, & H B 230 o 29.3.10. 3,
54.4.31.4.46.3 mm. Ui B]/NAZ 84 I 35K 7 0 A
FIEE N E . 2014 4E 6 12 H B KRFEFE] 10
A3 HWOER, & H BE™ & 73 3 27.4.21.7.82. 4,
225.6 mm, FORVER J5 BRI REN 25K &, AR TFla
391 T KL 2 FIAR
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B1 NEEREBEHNERESS
Fig.1 Precipitation distribution during wheat and maize growth period
2.2 FELEX/NENRGERFFER R
TEFESIN 2 T AR AP INAZ 6 A AR AE
M1 AT, AN [ B C L AL PR ) 5 R 2 i

F & T 4 B8 (NOPOKO), 1M B NIPIKI, N2P1K1,
N2P2K1 N3P2K1 ,N4P2K1 , N4P2K2 b H (it 7% J§ ik %
R B AN, T Ak B 2R R ARG, B L
N2P2K1 AbF 5 5 , N1P2K2 Ab PRI AR . 45 AbFid, LA
N3P2K2 4k B 0't A 3 8 e i, HEUKCOh N2P2K2 4k
B AEARBRIRE 25T, A A s HOR AR
SMREAR . 7 e BT A R = il s 0 A 1 L /N 2ok
£ R BE T G 38 RN SE R AR Y
B INFEE R K R RIRCR RN 6 B ALK
N3P2K2 AbHfif5 i, Hvk Oy N2P2K2 I N1P2K2 4b B
HpabH

xR 1 ARSEINENEERFFER RN
Table 1  Photosynthetic physiological characteristics

of wheat under different treatments

e W HA S
N T ST

/(mol * mmol 1)

S HAEHE P

Treatment /(gmol'm’z's’l) /(mmol*m=2+s

NIPIK1 15.02be 0.59% 25.63e
N2P1K1 15.14be 0.51b 29.69¢
N3P1K1 14.01de 0.46¢ 30.43c
N4P1K1 13.65e 0.45¢ 30.33c
NI1P2K1 14.49¢d 0.48bc 30.28¢
N2P2K1 14.90¢ 0.63a 23.82f
N3P2K1 15.10b 0.52b 29.04c
N4P2K1 13.82d 0.55b 25.29%
N1P2K2 12.93f 0.37¢ 34.96b
N2P2K2 15.37b 0.43¢ 35.74a
N3P2K2 16.59a 0.46¢ 36.07a
N4P2K2 15.18b 0.51b 29.76d
NOPOKO 11.32¢g 0.50b 22.64¢g

T [A B R B R AN R A B R] 22 5+ .35 (P < 0.05), Al
Note: Different letters in the same column mean significant difference at

P <0.05, the same as below.

2.3 AREAKEINERFERZRKSFIAHZM
MAFE 2 FRRT T AN [ U B LA B HRE v T
INFE AR R R /N BRI ROR B, T A SR AR T
INAEARN TR, H B 8 T /N W i BRA R
N4P2K2 ,N2P1K1, N3P1K1, N4P1K1 #bH 4, ¢ kb
PR /NAZ PR i BRI T 7 500 kg hm ™2, FEBEHAN
SRR, Bl U0 S A B /N e i R N
S TTAERE B R 4 s, 3 i R A, %
AN PR R A R B RIS R R, R R
MR, 45 b B A, DL N3P2K2 Ab B A4 184 7= 5 9 de
£, B0 BRI 77 29.0% . N4PIK1 &b B (1) /N 42 A=
B WFE KR, N2PIK AR FRAE K A, AN FA
WERR L L2 /N2 K 3 R AR . ZEmE S AR )
TN, /NZE IR G e 7 5 3 B RIS P £ 1 3 i e B
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Bk B S  ANR] NP K BCEE XS /INAE T KOG 5 A B SR A 7K 20 ) TR 52 ) 57

ool e 3 s e IR R B S A S s IR
(P2K1) B, /N2 7K A 77 3003 i M P Fg 384

e A& L N2P2K2 Fil N3P2K2 40 P i 2 25
TFHB AT, 7B BB 5 T 28.0% 127 .2%

R2 FRALENERFTERRTENZM

Table 2 Yield and yield components of wheat under different treatments

e 8 N YR N7l o FEK 7J<6M:f‘%zf$
SO Plant Spike Number of Number of Sterility Yield Water Water production

Treatment height length spikelets grains per spike _2 consumption efficiency

/em /em s spike/ /A / (kg ™) /mm /(kg*mm~'~hm~2)
NIPIKI 61.9 7.0a 19.0a 34.7b 2.9b 7917.0d 364.0de 21.75¢
N2P1KI1 65.1b 6.9 20.0a 34.3he 3.0b 69555 333.6g 20.85d
N3PIKI 63.5cd 6.7a 19.6a 38.4a 1.6e 7287.0f 344.5¢ 21.15¢
N4PIKI1 65.4b 7.1a 20.0a 28.8g 2.7b 7482.0e 408.9a 18.30e
NI1P2K1 61.8e 6.7a 19.0a 33.7¢ 2.5he 8026.5c¢ 387.8b 20.70d
N2P2K1 64.2b 7.1a 19.7a 25.3i 2.0cd 8142.0c 379.6¢ 21.45¢
N3P2K1 60.2f 6.6a 18.3b 24.5j 3.9 7986.0c 357.3e 22.35b
N4P2K1 61.4e 6.7a 18.6b 26.9h 2.0c 8473.5b 366.8d 23.10b
NI1P2K2 62.4de 6.7a 19.2a 29.0fg 2.2¢ 7675.5d 376.3¢ 20.40d
N2P2K2 66.6a 6.7a 19.2a 32.0d 1.8d 8555.5b 352.3e 24.28a
N3P2K2 65.4b 7.0a 19.2a 30.8e 2.2¢d 8605.5a 360.8de 23.85a
N4P2K2 62.8d 6.6a 18.2b 28.6g 2.2¢d 7263.0f 336.3d 21.60c
NOPOKO 60.0f 6.6a 17.2¢ 29.8f 3.5ab 6673.5h 355.9 18.75¢

2.4 AEGENERNLEEBFHENZ T

FEF R WA T A RALBEFOR B A
AHREAE . R 3 AT ) A I LR R T
TR R GG R ZE B R, A, L
N3P2K2 4k #5348 o iy, H Ik O NIP2K1, DA
NIP2K2 4k B 1 75 15 3 3 8% &, Il N4P2KI
N3P2K1 £ N4P2K2 b3, [m]if, B N1P2K2 Fl N4P2K1

®3 FAELEMERNEGERFERIRN
Table 3 Photosynthetic physiological characteristics of

maize under different treatments

. S
R T FCK W

/(ymol* mmol ~ 1)

Qb H HAHEE P

Treatment /(Hmol'm_z's_l> /(mmol m™2+s

NIPIK1 25.58¢ 1.16¢ 22.1d
N2P1K1 25.43¢ 1.23¢ 20.6e
N3P1K1 21.86f 1.10cd 19.9e
N4P1K1 26.08be 1.12¢ 23.2d
NI1P2K1 28.36a 1.12¢ 25.3¢
N2P2K1 23.84d 1.15¢ 20.8e
N3P2K1 22.20e 1.33b 16.6h
N4P2K1 24.15d 1.3% 17.4¢
N1P2K2 26.82b 1.64a 16.4h
N2P2K2 26.26b 1.0lc 26.0b
N3P2K2 29.26a 1.08¢ 27.1a
N4P2K2 25.85¢ 1.30b 19.9¢
NOPOKO 20.20g 1.04c 19.5f

LS LUD N Ra  DE V S  a W (I E D
N3P2K2 4b #E f% fm, H kS5 N2P2K2, N1P2K1 A
N4P1K1 Ab3, Hop db s
2.5 ARAKEMEXRRFEZRAKSFI AW
TR 4 TR AN [ ARG L = T RO
W50 2R R R R TR R A AR K
Tokrah, SALBF L N4P2K1 Al N4P2K2 b f)
MR HURZ, UL NIP2K2 2h B2 B 5 & T HE
b3, DLON2PIK1 Ab A B A A S, N3P2K2 Fi
N4P1K1 b BEA I A B ME 55 5, 35 233.4 emo 17
UL N3PIK1 Ab P 2, A TRER LA N3P2K2 Ab P A
2 NI1P2K2 Ab 3SR A e A B o 1743 RCRE K LA
NIPIK1 b # e o £ oKk @4 F WA K& U
N4P1K1 AbF R 5, i N1P2K1 A0 B A%, e ok
FEAR R A3 PR RCR 34 DL N3P2K2 Al N2P2K2 4k Hf
B AN, oy AR B 7 31.4% F1 32.4%,
IR P3RS T 34.5% M1 37.6%
2.6 ARAEI/INE - EXBEEKSFIHBOZM
MFE 5 Ha] g1, N3P2K2 b FRAG/INEE | ok e
iR, KON N2P2K2 Ab L, i /NE | EOK JE A AR
JKHR LA N4P2K1 f¢ 1, LA N2P2K2 Fil N3P2K2 4 He
WMHFRAR ., Fe 2, /NEE L R OK B K 4 R R AT DA
N3P2K2 Ab P f5  , Hk o N2P2K2 4b B, H A3 51 44
X BR3P 30.39% F1 26.8% , K43 FI RSy B4R
T 30.5%H127.4%.
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Table 4  Yield and yield components of mize under different treatments

% 24 o - 1% Tk R K P UiV &

0L e SR T N o kN ok S S S i
N umber Grain (1K) (1K) P Water
Qb3 Number Stem Ear Plant . . Water .

. . . of number Ear Effective Yield . production
Treatment  of leaves  diameter height height . . _,y comsuption .
o Jem e Jem rows per row diameter panicle /(kg=hm™?) e efficiency
’ ’ . Vi Wz A /em length/cm /(kg*mm™'+hm~?)

N1PIK1 12.4a 2.4b 93.0b 233.8a 14.8ab 34.4be 15.7b 16.6a 9261.0d 273.2b 33.90h
N2PI1K1 12.2a 2.1b 99.8a 226.0b 14.4b 34.2be 15.4b 15.1b 9471.0d 273.3b 34.65h
N3PIK1 12.0a 2.1b 89.2b 233.2a 15.2a 34.0be 15.7b 15.5b 9802.5¢ 261 .4c 37.50f
N4P1K1 12.6a 2.0b 90.2b 224.2h 12.0d 34.7b 15.7b 16.0a 10069.5h 284.4a 35.40g
N1P2K1 12.0a 2.0b 85.8¢ 210.4c¢ 13.2¢ 33.2d 15.3b 14.0c 9723.0c 223.5g 43.50¢
N2P2K1 12.2a 2.0b 92.2b 226.0 12.8¢ 32.6e 15.4b 14.1c 10429.5a 244 .0de 42.75d
N3P2K1 12.0a 2.1b 86.2c¢ 221.4b 14.0be 33.7cd 15.4b 15.5b 10605 . 0a 248.9de 42.60d
N4P2K1 12.8a 2.2b 92.2b 230.6a 14.4b 33.2e 15.3b 15.1b 10207.5b 241.3e 42.30d
N1P2K2 12.2a 3.2a 85.8¢ 223.2b 15.2a 33.6¢d 16.2a 15.2b 9774 .0c 229.4¢g 42.60d
N2P2K2 12.2a 2.3b 88.6bc  233.0a 14.4b 33.7cd 15.9a 15.9ab 10540.5a 236.6f 44.55h
N3P2K2 12.4a 2.3b 93.4b 233 .4a 14.0b 36.5a 15.9a 16.5a 10909.5a 239.2ef 45.60a
N4P2K2 12.8a 2.5b 92.6b 223.4b 13.6¢ 34.5b 15.7ab 15.8ab 10398 .0a 269.6h 38.57e
NOPOKO 12.1a 2.1b 81.8d 208.2d 13.6¢ 28.2f 15.2b 12.5d 8304.0e 250.5d 33.15h

£S5 FRLEXNE - EXEFFERKSF AR
Table 5 Yield and annual water use efficiency on

wheat — maize under different treatments

BRI AR

INEE - BRI A

Qb3 Wheat — maize B Total water
Treatment composite Total water use efficiency
vield/ (kg hm=2)  COMSUmPHON/ I hm2)
N1PIK1 17178 .0c 637.2b 27.0f
N2P1K1 16426 . 5¢ 606.9d 27.1f
N3PIK1 17089.5d 605.9d 28.2e
N4P1K1 17551 .5¢ 693.3a 25.3g
N1P2K1 17749 .5¢ 611.3d 29.0d
N2P2K1 18571.5b 623.5¢ 29.8¢c
N3P2K1 18591.0b 606.3d 30.7b
N4P2K1 18681 .0b 608.1d 30.7b
N1P2K2 17449 .5¢ 605.7d 28.8e
N2P2K2 19096.0b 588.9e 32.4a
N3P2K2 19515.0a 600. 1de 32.5a
N4P2K2 17661 .0b 605.8d 29.2¢
NOPOKO 149775 606.4d 24.7h

2.7 BERKEKSFAYERFEEXESH
X /NAZ TR RIAERE K KRR S e
[ AT AR S PR A 45 M - BORE /K 5 Bk 20 1) AL
FERERAAE(P <0.05), 5RHENE  FE XA
HETAHLE HESAREE(P>0.05), Mi/hE. £
KBRS BK s P BCR B0 B E IEA (P <
0.01), VEBAFEM TR AF/NE | R oKK B A B g i
KGRI RS, AT A LR AR B g e o

R 6 AEEIREXMES T

Table 6 Correlation analysis of different indexes

THRFREL SFEK I5YI Gl MRV ES
Correlation Total water Total water
coefficient consumption use efficiency
SRR IRCR
Total water -0.5773"
use efficiency
B8 Total yield -0.1465 0.8918"

7 Note: * P<0.05, * *x P<0.0l.

3 45 »

1) AF NP K BCHX /N BKROG G A ™
W SOK RIS P A BB . FE/NAE | FOK G A
A B TS KO TIB AL, TR RN EOK
XF 7K 53 AR AT 4 [T B, AR i LT3 43 A IR AC , S5 7K IS
[ . ARBFZE R, AE NPUK FC E AL ) 525 7
BTN A A, H DL N3P2K2 A B i, Hk
N2P2K2 b B, /NFZ I R 9 7K 43 F1 I R0% N3P2K2
LB B, FOY O N2P2K2 I N1P2K2 Ab B, it B8 d5
o U0 BE P A v Bt it FH BN BE A /N 22 i oK a3
R R B3 e X E KT, &4 8 d4, 2
N3P2K2 AbHE A R A 7K o s R 38 e g
ML N1P2K2 &b B 1) 7% 18 3 8 5 v, BRI ook
Sy FIFARCR AR 10 B 76 Wl B ) o A g B, oo R
FIT F K R K A3 R R 3R =

2) AR NP K B He AL BEY 82 & T /N 32 i Ak
i B NI ARL R, HAA AR TN AR
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Bk B S  ANR] NP K BCEE XS /INAE T KOG 5 A B SR A 7K 20 ) TR 52 ) 59

B, HERZAR S T/NE 5. TEREIE R i
Jit P S0 MU 448 7= e 8 B Ao T o A P o 2 A
(P2K2) Hisf, 388 00 SR P %o 1 /N2 7 ek ) 4 v o
AF L HFIEH A EAE K (NG) o W B4 2 &
A e, T SRS P S R B B R R PR RE AL, AR /)N
Frem e, S, DL N3P2K2 Ab H ) G
RO e, B0 BRI 72 29, 0%, 1E i BRI 45 1
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