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W E  RAZKBAERDKRRHFR T DEMEARME 10g /LR E. 10g/L KHPO,
fMs4g/L KCORKBEGHEAN—LAMEN, HEABARE LHENPHKHESIER
AR EREFRMEYERYEHBRRGE IO TR, rHEEEMERT R EY R 6 435
YW ENKEP+KEZEZE RENBREE., ZENREEARBRAREZERM H Har
HfEiE. EWEHERER + KHPO REEMMMEMERMIR 8. tHEEMA N.P.KIE
ALRE TEYEA NP, KHEE, W HSET ENERRRAM S, R N & BFFRLE
#,10g / LIRE + 10g / L KH,PO A H [ 5 FIRH/DEM ERIRHNEL RS BOEXE
22g / kg M 4.9¢g / kg.

X@iE HEEFRENPK PFEEX

PESES  S147.26

EXRMPENERELCERBRRAERERKERAEREAK, BRTHEER KLY
M—SBE AR ERTEREREMNENAFATNERELSHFRIHER, &
REFTERWBNEREY), BEED EREORTESHAEEEYNER TRNEO®
FEIE.BREBINEIIED KRR, N RRE S H EHExt K, 70 8 RS
EMAR", £ LTREAN. AEMPEELAE T, BREMNEFEN# —BERE
EFEAY. FEil ERREBERAMG, ERFRER ALY HEET 54 R H#RL
YR AR B H A B TR BEY =& &R,

YEh HIEMERE A A3, M HEAE R A 57 4 MU A b R A O e L2
DIRE. HTEYFERAMHERESKARENER, XEYAKETET HBIHEE
A ERRATZRANY, f-EMARHERBTHAFLEFRERAEMBEE
W, BREYKREY EREENARARRI S R ERMMT O FMREY, HE—LELM
XA KZE, KIRFR G /YRR X R0 RIE, NP A K M A EERA%". B
FRARM . LHT, X E Hawaii 3 X, N, P A K #8246 0 3 S MM A £ Y
MEMMIERER., ARTENTEBEIREEAR K", FAHAAEERZR K

* BFEARBEESEETIE, #H 5. 39470423
Wk B #9. 1997-12-25; W 345 e i H . 1999-03-30
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BIER, R HEERBREEDEASHERRE REFREA X, R X
HEAFFRENRZ ., ARG 5@ LB A R A F A [ KR TR M & A5 33/
E.EKRBRABEME. RGN0, M £ EHEFRE N, hEFSXEY R BN E
A H AT IR AL BB IR

1 HME5ETE

1.1 EXBIELE

BREAED 18kg (Fd35cm X 30cm KBS, RAEK 2 E 2 EHR B, #AR YR, REX
EREE,BR7~10 KEH-KEFR., EXGF KR 135, B8, EXEMFE.5A 8 5%,
HEEBAEMIG BRTERBEO6H 17T H)EEFEHE 15 H5IERTEEM G A 178), #BHO
H7H), 04387 A 27 B)MEEE3 K HEERITCERERK. RROPAMHGE ) #ITARE
FEM AW PRAL T, Hoh B 2R (6 A 17 BRI MM FAM (5 5 M) R4 H,

HEEAE A 3. 15X F 37.28mg N(8ml 10g / L 3% 4ml 20g / L A9SR %), 18.22mg P(8ml 10g / L &
4ml 20g / L# KH,PO,) f122.98mg K (8ml 5.4g / L& 4ml 11.0g / L& KCl 53k B KH,PO,# K)#] 8ml
BRETFIRESRYIBRETHAERFWE. MEERRBELAARELE . RENNEER
101.9¢g / kg.

BN ZERE 22589 (7 A 27 B) ¥ 40ml 10g / L W NARICHREIMA D ERERK 2T EHWF, #17
B, X GHIME 58 R BHBUR.

GRT7ATH,7A 27 BMS A 16 B RBALFEM AR, /8. X 0H 8, RERMH . BREER
FRMEEYBRERM RS RHHBEIBEREE. s A 2EMEE IS ERRARINESE,
AR 6 ML, [ LR B4 3 B 150ml BEFBBEEN A E(BK Som), WERB R, 841
LEHER K.

12 /MhEHEREIRE
BHA LR BRI, R A HEX 0~30cm B, HEAHR Y. pH: 5.83, & (N): 1.08g / kg, A2 B
F1 EXRANIEXBRTRHEHEBLE

Table 1 Foliar feeding treatments of nutrition on corn and wheat

/NE Wheat E% Comn

& MEEFRK BRFBTEFEE (mg/ml) Nutient BB BB 3559 % F (mg/ml) Nutrient
¥ Foliar nutrient solution content in dipping solution (mg/ml) content in the solution wiped on leaf(mg/ml)
= N “NY P K N NP P K

1 x5 0 0 0 0 0 0 0 0

2 10gL REPN 466 0458 0 0 4.66 0.458 0 0

3 55g/L Wik 0 0 0 2.87 0 0 0 2.87
4 10g/L B _EH 0 0 2.28 2.87 0 0 2.28 2.87
5 10g/LRE NS Sg/LEAE 466 0458 0 2.87 4.66 0.458 0 2.87

6 10g/LR & "N+10g/L 466 0458  2.28 287 4.66 0.458 228 2.87

BEM_Am
1) RENSFICIR R MONFEE N 101 9g/kg, B =K BRNFEE3.62g/keit H.
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(P, Olson#):17mg/ kg, B4 8 (K): 115mg / kg. B ERNF 1 10ke, EHEH & N, 0152/ kgs P,
0.05g / kg; K, 0.10g / kg.95%F 11 A 30 B#%%h, @, KIL9409. HE /5, BREEH 48, HHT/ER
WHRWG A2 B, MEHGA 178, FEMG@ A2 B)#ETHEERLLE, 25RETNRE
T 15ml AEEFRBRERMAREE 2, SELE 4. N, P, KB FREMKER &£ KK
BLE)., EMMFEELR 3K (12300 ). BHS 2 AT, BNEIRE 2h, 3R # 4h, & F % E Michigan
K% Jung W.H %48 H B0 0k B i s B R UV AR 1 R B iU OB 9T N BRiC 9 R B BN F o A TR R 4
FRBL. FHEEBASFWKGHIEMIS )REIENEH ARG EREEEARSNEESR. 54
% 156 40 % A6 (5] B (e A0 L3R, (W] B 7E I IR) 43 3 OKBERE, B Im 8 200ml, EE 4R, SA30HS6
A 5 BBl ke b /&, B0 E & AT S A Y A R R TR E LR,
1.3 MEHE

UNEE. REEEE", HEAEE NP KRN EARMTNE: 0 RS, atsg
Z4R. A HEP 502 WG EHHREARMN K8 SPAD E, BRI Amonf M EH SR LRSS E (mg /
gFW), #K158 SPADM 5 F R Z BIMtrAEh £k, o A o664 # 3. Al H 7= HORIBA-ASSA-1010# % CO’
BIALS T B S B MIE. RUBP RAKEHNE. SESMEH LY, BRM A R BRERM, RA
“CO, %, #E % B Backman 2 BJAE 7= LA-9800M M N MR EL#E L IE , it E RS M BSE Y, MRS RER
SENE. AMBagnmeE™, TRHEASENE: 58 Read M Northecote(1981) B 3£, R A%
DR G-2505 £, U4 M EE E (BSAEMRHEEM K, RBESPEARIE. RESHENE. RAR
Mk (TTC) ™,

2 HR50H

2.1 BEFRASKREEAN
B EAR TRk 22 3§ s 3 kT i AT X oK BB BT SR o RO R R e, o T
N.P.K BRI T TEN & &, Rt # T3 HE 2 Mia ki, wih, mm
N.P.KEEZH 2 E Fr 3
HAEM, R % + KH,PO b5
i 3 K 55 53 TR U R B BE R R
4b78, P K 4 538 0 10.7%
1 4.5%; ¥ # 1§ KH, PO, 4
HONEBI 13.1%. FH, /D
% M- B BE A R R R A
DA B 3 5 A A W e K K 4
H= o), ot i R AT [E] B R
555 IR IZI;E A ~ BEREHIEA NP KIS
Treatment 8, 3 H ol DA/ 32 SR 1k
M1 B ERRR BRSO ERRENKY (R
Fig.1 Effects of foliar feeding of macro—nutrients in middle and latter 2)" ﬁﬁﬁiﬁ:;&mﬂb&”fﬁ
growing periods on nutrition status of comn 1 AR xt 4R R 1E 1 19 % e 45 F)

BitH MREE (mg/bk)

Accumulated nutrient uptake(mg/plant)

H,0 Urea-N KCi KH,PO, Urea+KCl Urea+KH,PO,
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®2 HAHEBRERLEN2HENMEN P KEFRIOK I

Table 2 Effect of foliar sprays of urea-N on N, P and K nutrition of wheat plant in field

Bt R R (mg/dk)
&5 (H/H) Accumulated uptake (mg/plant)
Period(m/d) N P K
ol HE 2, it B ik Xt # T 2
CK Urea CK Urea CK Urea
A (4/17) ~ FREH (4/27) 317 43.8 11.31 14.38 359 42.1
FRE(4/27) ~BEH(5/17) 340 55.9 11.18 16.23 34.0 418
R (5/17) ~ B2 (5/29) 321 55.5 10.94 16.37 312 39.8

Bk,

B2 RAEKREFPEHBEERECEYS, RREHHDETRE, EHEHEETHE
EERAE TR, UNP.KBEZWEHEK, DEXREZMP (A 27 B)RABHENEHE
S Bl, % B8 R 1.46mg TTC/ g. 7y
FW.h, M85 NRE); P. K&
1 (KH,PO,) 5 N. P K IB# ()R
X + KH, PO, ) 4+ 5l 4 1.89,
2.13 1 2.34mgTTC / g. FW.h,
5 )b X B T 29.4%,
45.9% 5 60.3%. 33 BiARE
RABIER, EXRAEFTEH NP,
KIEERGEH, RERPER 0 . ' . .
B (% 40ml 10g/ LRE)R SAH28H 6H178 7A7H 7H27H 8A816H

EHeE (A/B)D
M- i AE (48K 8ml 10g / L /R Growing time (m/d)

K 545, HRERA G
LR, T D Sy B2 DREFREMRHEEEE SR TR

Fig.2 Effect of foliar feeding in middle and latter growing period
RATE T (Bxt MR 25.9%~

56.8%). MAb, B LI (558

®3 AEMALRMH S REN ERRREER BRI LB (mg TTC/g 8 F /NET)
Table 3 Effect of foliar sprays of urea—N and KH,PO, to fifth and eighth leaves and root

—— XH (CKD

—&— R¥F (Urea)

—&~ KH,PO,

== RFE (Urea) +KH,PO,

Root activity (mg TTC/g-FW-h)
REFIES (mg TTC/g 8§F -/jhaT)

1 b

on delay of root activity decline of com

dressing on root activity of corn (mg TTC/g.h)

-4z Gl RA) B SR R GE RE (BB
pi3:: Leaf position (tassel sprouting) Foliar and root dressing (ripening)
Treatment AL L i i) 3
Fifth leaf Eighth leaf Foliar feeding Root topdressing
Xt 341 341 0.81 0.81
RE 3.68 3.54 1.02 0.79
BB _AH 4.16 4.16 1.27 0.88

RE+ M A 5.08 4.79 1.14 0.91
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M), TEREAL (B S )RR AR REENEE, BEFAHE,

22 HAXSEERESARIAR
MERERAEM LS ERNARIRENTBER (ROTE L, 2B E

HEAE X SE it Ay, ORI A W AEENEMEREE, W SN EEARNR R BHERR

BE, X5 ERAMEBIES K05 RABEENERE—BE, ok, v A Z AR

R T 40 BB AF AL, T 5 SR R B E T DABE 4 AE AR T BUIE, (B S R 18, B8 2 i iR 2R

M. N.P.KES (RE + KH,PO,) BRI T 47T HH.

R4 EXEBHEERSHRBENNE (B3 AEERSARSNRTRAKMR O
Table 4 Effect of foliar feeding and root dressing on net—photosynthetic rate
of the third leaf from the apex and cytokinin content of com

H-EEHE Foliar application MEIBHE Root topdressing
gis:] BhEEE MEIRE HLAEE HRINE
Treatment Net-Photosynthetic rate Cytokinin * Net—Photosynthetic rate  Cytokinin
(CO: pmol/dm® * min)  (pmol/g FW)  (COz pmol/dm’ « min) (pmol/g FW)
*tH 342 a A? 164 a A 342a A 164 a A
K% 463 b B 231 b BD 338aA 179 ac A
i M¥lcA 188 ¢ C —
BM_EH 38.5 acA 224b B 363 a A 209 b B
RE+E4H 458 b B 211 b BC _
RE+BMm_EH 455b B 247d D 384acA 221 b B

1) EXpEMEE.
2) RPHAKPNEFELHARES%MI%KFLETERERER. TH.

g/ it (BB ) By & A BRI AR (3R 5) AEA . BAR  RESH o 08 AE A7 0% 58
TOREM M AEREE, HRENKRP+K=FZE, BT RUBP ZEHMS A 17 HI %
Yoa ERLSN, IR R R RHBRBLE, KHPO,5 KCl B RME., A, ZFHRSHE
RARBERRERKI r Famfl. EHAXLERT ARIBRR HERTEERR
BF, KK + KH,PO AL E B xf MILF 3 —1%. € M/ Z S mE Ay 8 8924

RS AEMHEEFLEINRINEEMEEEEBHER
Table 5 Effect of foliar sprays of urea, KCl and KH,PO, on photosynthetic physiologic of

function leaf of wheat

TEEl RUBP#R /LM BokaERY MR HRANE
is:il Soluble RUBPase Activities Net photosynthesis rate Chlorophyl Cytokinin
Treatment protein  EIATEYE BE# SH4H 5H178 (mg/gFW)  (pmol/gFW)
(mg/gFW)  Initial Total May4 May17
xt B 11.70 8.95 19.07 3.80 141 1.13 11.72
RE 14.87 9.95 21.86 5.32 2.23 1.93 22.26
wie 14.67 8.97 19.98 5.07 2.12 1.86 18.71
BM_E8 14.24 9.66 22.15 5.07 2.52 1.61 16.67
RE+BR 4 14.85 9.84 23.84 5.46 2.59 2,05 23.14

1) RUBPRALEE 5¥p b & 3 R B4 451 9CO, u mol/dn? * minF1CO, mol/m’ * s
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F®6 PSRN EHEAERY /N IR A KRR IR (18] 1A %)
Table 6 Effect of foliar feeding in middle and latter growing periods on the growth of flag leaf
of wheat (Field experiment)

1S} o E A (P EX) 04 B T E (mg/th)
Treatment Leaf area (cmz) Leaf biomass DW (mg/leaf)
xf B 204 118
RE 21.4 139
BEmR _E4 20.5 143
RE+Be 48 208 149

(Fe)WFWEPFHEBEERXETEERS TR ERZRAKR, EEENT R (F)
. BT PUAH M EEIERKRE TH AP REF=YREEN.
23 BAFROFRNEARSE

W 7 ME 8 F/R, P IEHIM EHEAE T LI i/ Z 4R & 3.0%~9.8%, EXEBH™
BEE 2.1%~122%, B4 ZHEBEZ RN ETRESHE~BER LT ENIEH
XHMRER E509452° ", n=6), HHELER b TR & AT DR R BN ZEBAE K 2
B, HHEREW. NENE, RENEBIERALESR T HE, A KHPOMRE
KCOHMEEWEFTRE BHBRERE + KCIHRE + KHLPO,H B LB BN BA E

®7 TEMHERENEFRF-RINEARSBOY W
Table 7 Effect of foliar feeding with urea, KCl and KH,PO, on the grain yield

and protein content of wheat

RESEiT Wi ¢ FRE ERmsR
P 43:: Average grain yield 1000 grain weight Protein content
Treatment B& (FEME) A8 (%) (@) (g/kg)
Amount (DWg/ear) Relative yield(%)

pog:i| 1.125 aA 100.0 42.1 aA 134
RE 1.159a AB 103.0 42.3 abA 152
A 1.202 ab AB 106.8 440 c B 144
BR_as 1.209 ab AB 107.5 43.6 bc AB 141
RE+HALH 1.222 b AB 108.6 448 ¢ B 149
RE+BR_EH 1235 b B 109.8 45cB 156

8 MHEARENEXEAFRNFEEORIBOKR

Table 8 Effect of foliar fertilizer application on ear yield and grain protein content of corn

Pis::) EATRTH (gk) ¥R =& FE (g/ik) FREAR (g/ke)

Treatment Ear yield DW(g/plant) Grain yield DW (g/plant) Grain protein (g/kg)
pogii| 166.8.a A 6842 A 84.2
RE 176.3 ab A 728 ab A 88.6
"L 170.3 ab A 71.6 ab A 83.4
BBROAH 180.2 ab A 75.1 ab AB 88.2
RE+EiW 177.6 ab A 749 ab AB 85.1

RE+BM 1872 b A 758 b B 89.1
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FH=, MEEKRERFRE + KHLPOLEME G AT A S A B EMREEE
5. SHTREKCL A KHPO, = & M B MEACHY 7~ B U A/ E TR EZ R, /T LLA K, /b
ERPBENRRERABARE KK T NAP, Mt EXRNEEN NP K ZERSHEE,

HEXREYME HFNEARBREFEEN - NERLFEG, MAKBER (X7
% 8) %%, o5 v [ B IR B 3 KHLPO, S EIME A, HEEA KL T &/
FARE 15g/ kg~22g / kg, EXATRE 4.0g / kg~49g / kg. M2 T, B KCl X &
=R b-A RN

3 iHig

A2 VR Yy T KB T 3 it A R K £ L 38R RO i AR B i) B o A5 A P T AE 3o R L Y
FREREMSEERN WS, NE2WTEL, ZafhEXMESERAEYREL LEIE
B, R AR E R E AR, Bt 22 R RGBS ot I AR S AR R IE A B AR RS
HEHEREME(RIMRHERRPERGHALRRKELERBEFMBAESERM AL
EYEAThRE AR LS =W AR 4 BCE B E /A, R, HE KB T A& MR
BB B A 5 it i B 38 S AL AE S AT S 3R M A 6 B R AL A ) EUFRL AR R
Wz, RARTHEF ™8,

EFREERBW, DERBILFE LI FRS R, EEZHHEOHFAR (R 2),
Bt/ R 3R SR R RE S, AR 2 T RUR B, B IR, M AU 0 1
RAEBRBBKRE, BEWORBAFoHFER, T Hxi58, SRR AHRES, X
S5MHEBERS 7TRAEEATEERRZ S LRFLFHINRARNRUAE X, AlRS R
B 10g / L KH,PO,#/hE N K R B RAF R = BEZ MM 5.4g / L KCl4b#
JLFEER MM EXKNBEHAERTRE. A TRENDEHH K TR EMNRBES
(Olson—P:17mg / kg), M EX I RK, A XHERTEEREEKEAPERZE
B Cl ENBEEHFFXS.

NERFZFMRABRUBIANERBETEBIFRTHN NSHANEBEREOMEE
BEBRXFT4FEYY, FHMEBE NIESK S KHPO,MEL& M A2 T R4 HHIRE
EFARREHENTAKRES THATEORWER (R 7.R8), IR B PEMEXK
BB IR MR, R /DR PE SR REFHE N, KK, KC M KHPO, =& i@
HEAE BB P= B AN ETRE (R 75X 8), TN, MEGHMEMNTHR KKT N
MP Mt EKRGFTEHRIN NPAMK ZERAFEE, X5ELFFRBERME, gL
INEBNBEAR N THERWHFLEER HRERE, MEEF - REPEANHRS
MERMBETE. SHEWR,N.P.K=EFHEEAHASREMSE RUSKEYTEEF
558 R TE B A HE R, X 5 SE BT EE R SR L i iR Be 25 R — B,

g2 * x #®

1. Hanway J J. Foliar application of fertilizers on grain crops. In Neumann P M.ed. Plant Growth and
Leaf-applied Chemicals CRC Press Inc. USA 1988. 101~ 109



4 1 WHEES  DNEMEXR SRR TR 'R 8 Y 461

(3]

19.

20.
21,

Gooding M J. Foliar urea fertilization of cereals: a review. Fertilizer Research, 1992, 32:209~222

Neumann P M. Late season foliar fertilization with macronutrients~is there a therotical basis for increased
yields? J. Plant Nutr, 1982, 5:209~213

EHEF BRY, AT EHEFLESHESLA/NEMBERAXAATR. L.HER BXY, EEMEH.
NERMREHR. L FERE R, 1995, 206~210

Seshadn K. Role of foliar fertilizaion on plant nutrition. In Baligar V C, Duncan R R eds. Crops as
Enhances of Nutrient Use. Academic Press Inc. USA 1990. 313~ 347

Grata U C. Efficiency of foliar as soil applieation micronutrient anions for crop utilization. In Transactions
14th Intemational Congress of Soil Sci.,, Tokoyo, Japan. 1990. 4:238~242

Goswami B K, Srivastava G C. Effect of foliar application of urea on leaf and senescence photosynthesis in
sunflower. Photosynthetic, 1988,22(1):99~ 104

SR, DR, BERE. NEHTOENR _EHMRTTMRE. HRRLEH, 1992, (1):19~24
SRR, BAR BERE. NERERZ A ARMBR MM ROEE. HRRULBHE, 1992, (2):26~
29,13

SR, DAR, BERE. BHR_EHREHNHBRR L. HRRILERH, 1992, (3).25~27

Bowman D C, Paul J L. The foliar adsorpton of urea. J. Plant Nutr, 1990,13:105~113

EXRWER. MYEBRFRTE. T AR K2 B IR, 1994, 12~23

Jyung W H. Foliar absorption of mineral nutrients with special references to the use of radioscopy and the
“leaf washing technique”. M. T. Thesis, Michigan State University, East lansing, USA. 1959.45
BRéESE, KRB E. AXIEENE LRAMEY T MMEUN, FEFBRILEA. 1987, (2):48~52

SeHM, MR ERN LRRESI. LR PERL R, 1986

Amon D 1. Copper enzymes in isolated chloroplasts polyphenoloxidase in Belt vulgaris. Plant Physiol.,, 1949,
24:1~15

BUE, FES, K. NE_RMEEERABNFEESHAERNRR. FRERLAFEER, 1990,.154).
5~11

BROLBRRE. A MEHDTHARSIBRNEEFENENER AR HYEEEENR, 1993,29(1):
56~59

Smand R, Northeote D H. Minimization of varitation in the responses to differemt proteins of the
Coomassie Blue G dyebinding assay for protein. Anal. Biochem., 1981, 116:53~64

WRRER, BiufeZ s HYERLRES. WHRBEHEM. 1980, 187~190

HEE XERX HEHERMNBMEYRHEHER. HYERSERNER, 1997,3(1):36~42



462 + % ¥ i 36 #

BIOLOGICAL RESPONSES OF WHEAT AND CORN TO FOLIAR
FEEDING OF MACRONUTRIENT FERTILIZERS DURING THEIR
MIDDLE AND LATTER GROWING PERIODS

Xu Guo—hua Shen Qi-rong Zhen Wen—juan Tang Shen—hua Shi Rui—he

( College of Resources und Environmental Sciences, Nunjinyg Agricultural University, Nanjing 210095)
Summary

Pot sand culture of summer com with Hoagland solution and soil culture of
winter wheat with application of routine dosage of 0.15g N, 0.05 g P and 0.10 g K
per kg of soill were camried out in greenhouse of Nanjing Agricultural University.
Leaves of corn and wheat were wiped or dipped with “N-labelled 10 g/ L urea. 10
g/ L KH,PO,. 54 g/ L KCl and their combinations from jointing stage of both
crops to the silking of comn or heading stage of wheat. The root activities of both
crops were rapidly declined after jointing stage, but this decline apparently delayed as
foliar application of urea, especially foliar feeding with N, P and K cooperated. Foliar
feeding with macro—element fertilizers enhanced physiological activity of function leaves.
Among the three elements for raising physiological indexes of function leaves urea—N
was most efficient except small variation of total activity of RUBPase. Foliar
application of N, P and K cooperated would be the measure for prolonging the life
of leaves to the most limit. Statistical results showed that compared to foliar spray of
water, urea + KCl and urea + KH,PO, increased the yield of wheat significantly, while
for comn only urea + KH,PO, increased its ear and grain yields. Foliar application not
only increased N, P and K content of plants, but also changed their distribution in
organs and stimulated translocation of N to grain. Absolute protein contents of wheat
and corn grains increased by 22 g/ kg and 4.9 g/ kg, respectively, due to foliar
feeding during the middle and latter growing periods.

Key words Foliar nutrition, Nitrogen, Phosphorus, Potassium, Wheat, Com



