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Abstract: Seeds of wheat (Tritticum aestivumL C v sakha 68) were soaked in two concentrations 50 and

100 ppm potassium humate for different periods 12, 24 and 36 hours. Potassium humate was prepared

from rice straw compost. At the end of the soaking periods, the seeds were examined. The best soaking

treatment (100 ppm potassium humate for 24 hours.) was planted in the field with potassium humate alone

or after enrichment with N, P and K, as a foliar spray for 4 times in 15 day intervals. Seedling growth

was measured by length shoot and root, dry weight of shoot and root and shoot/ root ratio. In the field

experiments, weight of grains, straw, 1000 grains as well as concentration of N, P and K in grains and

straw of each plot was determined after maturity. The results showed that the highest germination seeds

percentage was detected after six days when seeds were soaked in distilled water with different periods

of soaking. While, more than 90% from seeds germinated after five days with application of 100 ppm

potassium humate, particularly when seeds soaked for 24 hours. Germination rate, shoot length, root

length, shoot dry weight, root dry weight with application of potassium humate at 50 ppm  for 24 hours

averaged  4.40, 14.2, 23.9 and 22.7 % , respectively  as compared that of the same periods of soaking

with distilled water. There were significant increases in the uptake of N, P and K as well as carbohydrate

and  protein  contents  in grains of treated plants particularly, receiving foliar application at a  rate  of

40 L.fed . Best effect was achieved with foliar spray application of potassium humate enriched with N,-1

P and K as compared to potassium humate alone. Soaking seeds alone or combined with foliar spray of

potassium humate significantly increased both grain and straw yield of wheat plants, as compared to

control. The highest increase resulted from soaking seeds and as foliar spray enriched potassium humate

at a rate of 40 L.fed , which showed 36.9 and 85.8% over increase the control for grain and straw yields,-1

respectively.
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INTRODUCTION

Wheat (Trilicum aestivan L.,) is considered one of

the most important winter crops in Egypt. The

productivity of wheat is affected by many factors such

as seed germination, fertilization, and quality of the

seedbed environment i.e., soil moistures pathogens and

temperature .[1]

Humic acid one generally characterized by

relatively higher carbon contents, higher molecular and

higher aromatic ring condensation. Also, humic acids

contain relatively higher amounts of basic amino acids,

but relatively lower amounts of acidic amino acids .[2]

Foliar feeding has been used as a means of

supplying supplemental doses of minor and major

nutrients, plant hormones, stimulants, and other

beneficial substances. Observed effects of foliar

fertilization have included yield increases, resistance to

pests diseases and insect, improved drought tolerance,

and enhanced crop quality. In terms of nutrient

absorption, foliar fertilization can be absorbed from 8

to 20 times as efficient as ground application .[3]

Lab experiments on crop plants indicate that the

use of humic substances as media amendments or foliar

sprays can promote greater root and shoot growth; root

branching; leaf chlorophyll content; rates of nutrient

uptake, photosynthesis and respiration . However, the[4]

physiological mechanisms underlying these benefits are

poorly understood. Humic substances do appear to

possess auxin-like activity, but the specific chemical

fractions responsible for this activity have not been

identified. A humic acid is considered to increase the

permeability of plant membranes and enhance the

uptake of nutrients . Similarly , emphasize significant[5] [6]

effect of humic acids on yield and yield components of

wheat. The activation of many processes accompanied

emergence of primary root and the emergence of shoot.

Metabolic changes due to permeability of humic acids

into leaf cells, and improved the yield and yield

components except protein.  Asenjo et al.,  reported[7]
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that, germination testes using different concentration of

humic extract, the doses higher than 20% v/v inhibited

seed germination. Tejada and Gonzalez  showed that[8]

the application of humic acids to plants increased water

absorption and germination rate. However, foliar

fertilization increased leaf soluble carbohydrate contents

and chlorophyll. Killi  indicated the effect of soaking[9]

in potassium humate solution caused significant

increases in germination characteristics, and sixteen

hour soaking period gave the highest values of

germination. Habashy and laila  indicated that the[10]

nitrogen, phosphorus and potassium in wheat grain has

been significantly increased due to application at 50

ppm humic acids individually or combined with 30ppm

indolacitic acid.

The current work aims to study the effect of

soaking with potassium humate on some important

aspects of wheat seed germination and foliar spray with

potassium humate on wheat yield and their

composition. 

MATERIALS AND METHODS

Potassium Humate Extracted: The potassium humate

was prepared by extraction from rice straw compost

4 2 7 with a modified method , using K P O and KOH to[11]

avoid the presence of sodium. The analysis of

potassium humate was carried out according to

standard methods previously described . Values of[12]

the different extract and that enriched with N, P and K

are shown in Table (1).

Soaking  Experiment: Seeds of wheat (Tritticum

aestivum L.) sakha 68 were selected for the experiment.

Before start soaking seeds were surface sterilized in

5% sodium hypochlorite for 5 min and rinsed well with

double distilled water . One-hundred seeds were[3]

soaked in one liter of 50 or 100 ppm potassium

humate solution as well as one liter from distilled

water as a control.  The seeds soaked for 12, 24 and

36 hours. At the end of the soaking periods, 100 seeds

were immediately transferred into growth bags

containing 500 gram soil and sown at 0.5 cm apart.

The bags were of 35 cm by 25 cm with and 33 cm

depth dimension. Treatments were replicated four times

and design completely randomized. Moisture was

supplemented by addition of 1L of water in each bag

every morning for 14 days. Emergence of the radical

from the soil was regarded as successful germination.

The percentage of the sown seeds emerging to the

surface were calculated daily and recorded for 14 days.

Seedling growth (10 representative) was measured by

shoot length, root length, shoot dry weight, root dry

weight and shoot/ root ratio were calculated as

described by .[13]

Foliar Application of Potassium Humate Solution:

Soaking wheat seeds at a rate of 100 ppm potassium

humate solution for 24 hours was before planting. A

field experiment at Sharkya Government, Egypt during

winter season 2007/2008was concluded. Some physical

and chemical characteristics of the studied soil are

shown in Table (2). Each plot was 3x3.5m , a2

randomized complete block design with three

replications. N, P and K fertilizers 100 unit N .fed  as-1

ammonium sulfate, phosphorus a rate of 150 kg. fed -1

2 5super phosphate (15.5 % P O ) and potassium at 100 

2 4 2kg. fed  K SO  (48%K O) were applied in doses and-1

time according to recommendations for fertilization of

wheat. Potassium humate solution  of 0 (control), 30

and 40 L.fed , natural or enriched with N, P and K at-1

a rate 5:5:5 % of as ammonium sulfate, phosphoric

acids and potassium sulfate. The potassium humate was

dilute with tab water at a 1:20 v/v ratio before foliar

spray on wheat plants. A foliar spray application was

applied 4 times in 15 day intervals with the same

doses during the growing period and before flowering

stage for wheat plants. First dose was applied after 15

days from seeds sown, then second, third and fourth

doses were applied after 30, 45 and 60 days

respectively. The treatments of the field experiment

were as follows:-

1- Control

2- Soaking a rate of 100 ppm for 24 hours (S) 

3- otassium humate without enrichment as foliar spray

a rate of 30 L. fed  (F1) -1

4- Potassium humate without enrichment as foliar

spray a rate of 40 L. fed  (F2)-1

5- Potassium humate enrichment as foliar spray a rate

of 30 L. fed  ( EF1)-1

6- Potassium humate enrichment as foliar spray a rate

of 40 L. fed  ( EF2)-1

7- Soaking a rate of 100ppm + 3  (SF1)

8- Soaking a rate of 100ppm + 4 (SF2)

9- Soaking a rate of 100ppm + 5 (SEF1)

10- Soaking a rate of 100ppm + 6 (SEF2)

Weight of grains, straw as well as 1000 grains of

each plot was recorded after maturity (150 days from

planting). The sample of wheat grains and straw were

collected from bulk plot yield, weighed, oven dried at

2 470 c, ground and prepared for digestion using H SOo

2 2and H O  method described by . The digests were[12]

then subjected to measurement for macronutrients (N,

P and K) using procedures described by .[1 4 ]

Translocation coefficient (TC) for N, P and K total

content in straw and grain was determined using the

formula:- 

TC= (Content of N, P and K in grain (mg.Kg

plant ) / content of the same metal in straw-1

(mg.Kg plant ))   x  100  -1
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Table1: Some characteristics of potassium humate used in the experiment.

characteristics Potassium humate

---------------------------------------------------------------------

Without enrichment Enriched*

EC  dS/m 12.4 17.5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

pH 7.5 8.02

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

O.C             % 9.68 10.2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Density     g /cm3 0.85 0.72

Total nutrients   

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

N         % 0.97 5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

P 0.24 4.65

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K 2.5 4.91

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe               mg .kg-1     92.3 92.3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M n 11.6 11.6

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Zn 2.65 2.65

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cu 0.36 0.36

*= humate potassium with enriched percentage of NPK.     

Table 2: Some physical and chemical characteristics of the

experimental soil

Soil characteristics values

Particle size distribution           %

Sand 23.5

Silt 32.4

Clay 44.1

Classes clay

3CaCO                                  % 0.23

O.M                                    % 0.54

pH                             (1:2.5) 7.51

e EC                             dS/m 1.30

Cations and anions in sat. extract    meq.L-1

Ca 3.28++

M g 5.13++

K 0.45+

Na 4.18+

3HCO 7.02-

3CO ---

Cl 1.45--

4SO 4.57--

Chemically available nutrients        mg.kg-1

N 1.02

P 0.45

K 2.42

Fe 129

M n 25.4

Zn 21.8

Cu 0.12

Protein percent in the grain was calculated by
multiplying N% by 5.75, and carbohydrate content

according to . Harvest index was determined using[15]

the formula:- Harvest index % = (grain weight of

selected 10 plants from each    plot   x 100).
Obtained results were subjected to statistical

analysis according to  and the treatments were[16]

compared by using L.S.D. at 0.05% level of

probability.

RESULTS AND DISCUSSION

Effect of Potassium Humate and Periods of Soaking

on Seeds Germination: Soaking of seeds promoted
germination by high percentage emergence at shorter

period in all concentrations of potassium humate
solution as compared to soaking with distilled water

(Table 3). Soaked wheat seeds started to germinate
after three days when soaked for 24 and 36 hours

treatments. Whereas, the germination of seeds started
after four days when seeds were soaked for 12 hours

treatment. 68.4 % seed germination was detected after
nine days for seeds soaked in distilled water.  While,

98% from seeds germinated after five days with
application of 100 pppm potassium humate soaked for

24 hours. The values of germination characteristics
after 24 hour soaking were significantly more

stimulated with soaking in potassium humate as
compared to other periods. The germination percentages

recorded 92.3 and 98.0% after 24 hours, followed by
36 hours soaking which gave 83.7 and 93.5% and 12

h which were 80.8 and 88.3% due to soaking in
potassium humate solution at a rate of 50 and 100 m.L -

 respectively. This may be explained that the1

application of humic acids may increase the water

absorption and germination rate in wheat .[17]

Results given in Table (4) show some wheat seeds

germination characteristics as affected by potassium

humate concentration and soaking periods. Generally,

germination percentages, shoot length, root length,

shoot dry weight, root dry weight and root /shoot ratio

were significantly increased with soaking in potassium

humate solution particularly for concentration of 100

m.L  for 24 hours. Germination rate, shoot length, root-1
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length, shoot dry weight, root dry weight with

application of potassium humate at 50 ppm for 24

hours averaged 4.40, 14.2, 23.9 and 22.7 %,

respectively compared to the same period of soaking

with distilled water. Germination characteristics of

wheat seeds increased with application of potassium

humate at 100 ppm for 24 hours reaching 21.9, 31.1,

41.4 and 55.8 %, respectively than that of the same

period of soaking with distilled water. These results are

in agreement with those of  who reported that soaking[1 8 ]

treatment enhanced germination and the highest

performance in all the parameters was recorded from

seeds soaked for 24 hours. They showed that, optimal

level of soaking is thought to have enhanced effects on

germination and growth probably, due to hydrolysis of

complexes into simple sugars that are readily utilized

in the synthesis of auxins and proteins. The auxins

produced help to soften cell walls to facilitate growth

and the proteins readily utilized in the production of

new tissues. Seeds soaked for 36 h gave the second

best germination performance, which was attributed to

prolong soaking that to increase carbon dioxide, ethanol

and lactic acids concentrations in seeds and reduced

that of oxygen leading to poor growth .[19]

From the above mentioned data, it can be

concluded that, the soaking in 100 ppm of potassium

humate solution had a superior effect on germination

characteristics and emergence of wheat seeds especially

when soaking was for 24 hours.

Effect of Both Soaking and Foliar Applications of

Potassium Humate on N, P and K Uptake by Wheat

Plants: Contents of some macronutrients in straw and

grains of wheat plants soaked with 100 ppm potassium

humate and sprayed with 30 or 40 ppm potassium

humate after 15 days from planting  are given in

Table, 5. The obtained results indicated significant

increases in nitrogen, phosphorus and potassium content

in both straw and grains of wheat plants received

different treatment particularly, for plants receiving

soaking plus foliar application. In general nutrient

uptake increased by increasing rates of K-humate foliar

application. The foliar application of potassium humate

at a rate of 40 L. Fed  individually or combined with-1   

soaking was more effective on N, P and K uptake by

straw and grain of wheat plants than other treatments.

In addition, foliar application of K-humate enriched had

a greater effect as compared to K-humate only. Data

showed that the uptake of N, P and K by both of straw

and grain of wheat plant increased due to soaking

treatment individually or combined with foliar as

compared to control treatment. Seed soaking in K-

humate extract increased the grain yield by 8.8 % over

unsoaked seeds. Also, Uptake of N, P and K enhanced

by soaking treatments . Anonymous  reported that[20] [3]

the foliar feeding has been used as a means of

supplying supplemental doses of minor and major

nutrients, plant hormones, stimulants, and other

beneficial substances. Humic acid on plant growth and

nutrient uptake has been extensively studied by

researchers. Humic acid has been reported  to[21]

promote seed germination, increase nutrient uptake and

stimulate plant growth. It has been indicated that humic

acid promoted plant growth by its effects on ion

transfer at the root level, by activating the oxidation-

reduction state of the plant growth medium and so

increased absorption of micronutrients by preventing

precipitation in the nutrient solution . Humic acid[21]

enhances cell permeability, which in turn made for a

more rapid entry of minerals into root cells and so

resulted in higher uptake of plant nutrients. This effect

was associated with the function of hydroxyls and

carboxyls in these compounds . The principal[4]

physiological function of humic acids may be that they

reduce oxygen deficiency in plants, which results in

better uptake nutrients. humic acid enhances cell

permeability, which in turn made for a more rapid

entry of minerals into leave cells and so resulted in

higher uptake of plant nutrients . Foliar use of humic[4]

acid derivatives is reported to be very effective because

the humic molecules can get into the cellular nutrient

stream and make the cellular membrane more

permeable allowing the improvement of nutrient flow

and cell division . The need to exploit the capacity of[22]

plant leaves to absorb inorganic nutrients has increased

greatly for a number of reasons (i) adverse soil

conditions which favour fixation of nutrients and thus

render many essential ones unavailable for root

absorption; (ii) root absorption is slow for some

elements and also results in poor translocation; (iii)

relatively large amounts of fertilizers are required for

root supply and heavy application loads to soil-water

pollution. Foliar supply of nutrients can result in

increasing the photosynthetic efficiency and it is

possible to modify the physiology of leaf .[23]

The transfer coefficient was increased for nitrogen,

phosphorus and potassium of wheat grain as a result of

soaking, sprinkling potassium humate individually or

combined. The significantly increase in translocation of

these element were clear in treatments of soaking and

spraying together, particularly in the treatment of

soaking seeds + foliar a rate of 40 L.fed  (SEF2) while-1

no clear differences between soaking and spraying each

individually. This may be explained as due to the

application of potassium humate either for soaking or

spraying on plants in increasing the roots of plants and

increasing the surface area for roots per unit length.

This greatly enhances exudation of carboxylates,

phenolics water, solubilisation of mineral and organic

nutrients and consequently uptake of inorganic
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nutrients, amino acids and water per unit root mass.

This was reflected on increased the movement of

nutrients through plant parts . On the other hand , [24] [25]

reported that the beneficial effect of humic acids on

plant growth is related to its role as it act like plant

growth hormones. The application of plant growth

regulators mainly gibberellin, to cercal has resulted in

an increased root growth (increased root length, greater

root mass) or a higher root /shoot ratio under field

conditions and in pots. However, the impact on growth

yield has been inconsistent .[26]

From above results it can be concluded that, the

application of K-humate as soaking and foliar spray

were effective on uptake of nutrients especially when

soaking and foliar spray were combined. The

application of enriched K-humate was more effective

on the uptake of N, P and K by wheat plants as

compared to unenriched K-humate. This could be

related to, direct effects humic substances on plant cell

membranes, and consequently permeability, which ease

mineral elements move back and forth through the cell

membranes, resulting in an increased transport of

various mineral nutrients to sites of metabolic need. 

Effect of Soaking and Foliar Spray of Potassium

Humate on Yield of Wheat Plants: Yield, harvest

index and weight of 1000 grain of wheat as affected

by soaking and foliar spray of potassium humate are

shown in Table 6. Data showed that application of

soaking treatment alone or combined with foliar spray

of potassium humate significantly increased both grain

and straw yield of wheat plants, compared to control.

The highest increase resulted from soaking treatment

and foliar at a rate of 40 L.fed  (SF2), particularly-1

foliar application of K-humate enriched with N, P and

K showed 36.9 and 85.8% increase over the control for

grain and straw, respectively. The increases in wheat

grain and straw yields due to soaking combined with

spray potassium humate application probably resulted

from increasing macro and micro-nutrients availability

needed for plant growth through organic matter

decomposition.

Generally, data in Table 6 indicated that, the wheat

grain and straw yield and weight of 1000 grain  were

low with soaking alone and studied treatments could be

arranged in the following order: SEF2> SEF1>

SF2>EF2>SF1>EF1>F2> F1> S. These results could be

explained according to the finding of  stated that (27)

spraying humic acid enhanced the water retention,

increased the ability rate of wheat leaves for

photosynthetic process, increased the grain filling

intensity, enhanced the drought resistance of wheat and

increased its thousand grain weight.

Effect of Soaking and Foliar Application of

Potassium Humate Solution on Yield Quality:

Quality of wheat yield due to application of soaking

seeds alon or combined with potassium humate as

foliar application are given in Table 7. The obtained

results indicate that the protein and carbohydrate

contents in grain of wheat were significantly increased

as a result of all the tested treatments.  The application

of soaking seeds in K-humate solution alone had little

effect on yield quality as compared to other treatments,

while the foliar application with potassium humate

solution was more effective on protein and 

carbohydrate in wheat grains. The combined treatment

of soaking seeds with foliar potassium humate, at a

rate of 40 L.fed treatments gave the highest values for-1  

both protein and carbohydrate content as compared to

other treatments; particularly enriched K-humate,

showed 95.6 and 68.4 % increase as compared to

control, respectively. This may be explained due to the

role of humic substances increasing the concentration

of messenger ribonucleic acids in plant cell. Messenger

ribonucleic acids is essential for many biochemical

processes within cells. Activation of several

biochemical processes results in an increase in enzyme

synthesis and an increase in the protein and

carbohydrate contents, as found by .[28]

Pettit  demonstrated that the application of[29]

humic substances in combination with nitrogen,

potassium, phosphorus and other plant nutrients, as

foliar sprays, can improve the growth of plant foliage,

roots, and fruits. Plant nutrients within foliar fertilizers

are rapidly absorbed by the plant leaves. By increasing

plant growth processes within the leaves an increase in

carbohydrates content of leaves and stems occurs.

Enhanced carbohydrates production can be detected

within 24 to 48 hours after foliar feeding by use of a

refract meter. Enhanced carbohydrate production can

either result in improved product quality or increased

yields. Atak et al.,  studied the effect of foliar sprays[30]

of humic acids on yield of common bean. They found

that, humic acids significantly increased yield and

protein contents of common bean.

It can be concluded that humic substances are

excellent foliar fertilizer carrier and activators.

Application of potassium humate in combination with

major nutrients, as foliar sprays can improve the

growth of plant. Plant nutrients within foliar fertilizers

are rapidly absorbed by the plant leaves and have

positive effects on physiological process into plant.

Combination of soaking seeds with potassium humate

and foliar application were more effective on N, P and

K uptake by wheat plant and yield quality as compared

to soaking seeds alone, especially when application of

K-humate is enriched with N, P and K.
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Table 3: Effect of potassium humate concentration and soaking periods on germination percentages of wheat seeds during fourteen days.

Days after sowing treatments

distilled water Humate potassium ,50 ppm Humate potassium, 100 ppm

Periods of soaking, hours 

-------------------------------------- ------------------------------------------ -----------------------------------------------

12 24 36 12 24 36 12 24 36

----------------------------------------------------------------------------------------------------------------------------------------------------

% of seeds germination

0 - - - - - - - - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 - - - - - - - - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 - - - - - - - - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 13.2 14.9 - 40.4 33.8 - 48.3 54.7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 14.2 32.7 33.3 30.1 71.6 64.2 9.45 88.8 88.2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 31.3 57.2 56.7 58.2 87.7 78.6 49.7 98.0 93.4

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 51.4 61.3 60.2 70.7 92.2 83.6 70.8 - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 55.6 63.7 62.7 77.5 - - 84.9 - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 57.9 66.0 63.9 80.8 - - 88.1 - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 60.1 68.4 65.2 - - - - - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 62.3 - - - - - - - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

11 - - - - - - - - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

12 - - - - - - - - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

13 - - - - - - - - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

14 - - - - - - - - -

Table 4: Effect of potassium humate concentration and soaking periods on germination characteristics of  wheat seeds.

Concentration of soaking solution  (m. L )-1

-------------------------------------------------------------------------------------------------------------------------

distilled water Humate potassium, 50 ppm Humate potassium, 100 ppm

Characteristics Soaking period,hours LSD 0.05%

--------------------------------- --------------------------------------- ---------------------------------------

12 24 36 12 24 36 12 24 36

Germination rate % 62.3 68.4 65.2 80.8 92.3 83.7 88.3 98.0 93.5 3.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Shoot length,  cm 11.3 13.7 12.2 12.8 14.3 13.7 14.5 16.7 15.2 1.24

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Root length, cm 7.22 8.01 7.75 8.14 9.15 9.01 9.37 10.5 9.46 1.08

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Shoot dry weight,  g/plant 3.01 3.31 3.11 3.71 4.10 3.91 4.11 4.68 4.43 0.45

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Root dry weight, g/plant 1.07 1.81 1.17 2.08 2.22 2.13 2.36 2.82 2.44 0.31

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Root / Shoot ratio 0.35 0.55 0.37 0.56 0.54 0.54 0.57 0.60 0.55 0.05

Table 5: Effect of soaking and foliar application of potassium humate on total N, P and K as well as translocation coefficient   in straw and

grains of  wheat plants.

Treatments N P K

---------------------------------------- ------------------------------------- -----------------------------------------------

Straw Grain TC* Straw Grain TC Straw Grain TC

----------------------------------------------------------------------------------------------------------------------------------------------------

mg. Kg dray material-1

Control 226 312 138 71.2 31.3 43.9 169 130 76.9

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S 243 380 156 86.9 42.7 49.1 228 219 96.1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

F1 298 439 147 90.3 43.9 47.7 255 237 92.9

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

F2 267 441 165 91.5 44.0 48.1 262 253 96.5
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Table 5: Continue

EF1 275 450 163 96.5 44.7 46.3 266 265 99.6

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EF2 286 468 160 98.2 44.9 45.7 274 271 98.9

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SF1 323 517 160 101 45.4 45.2 287 280 97.5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SF2 336 540 161 112 48.4 43.2 381 300 78.7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SEF1 341 552 156 115 49.2 42.8 385 310 80.5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SEF2 352 557 158 118 51.2 43.4 388 324 83.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LSD 0.05% 9.24 16.2 4.71 2.45 10.5 6.02

* TC = translocation coefficient  

Table 6: Grain and straw yields, harvest index, weight of 1000 grain of wheat as affected by soaking and foliar application with potassium

humate.

Treatments Grain Straw Harvest index, % Weight of 1000 grain,g

----------------------------------- -------------------------------------

Yield, Kg /fed Increase, % Yield, Kg /fed Increase, %

Control 2685 0 4570 0 24.1 31.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S 2835 5.59 4710 3.06 24.8 32.7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

F1 2955 10.1 5480 19.9 26.9 36.2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

F2 3165 17.9 5520 20.8 28.7 40.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EF1 3178 18.4 5631 23.2 29.8 43.5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EF2 3291 22.6 5734 25.5 30.1 44.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SF1 3201 19.3 5675 24.2 27.4 39.5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SF2 3295 22.7 6250 36.8 30.2 40.1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SEF1 3345 24.6 6451 47.7 32.8 44.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SEF2 3675 36.9 6790 85.8 38.3 49.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

L.S.D.    0.05% 14.1 - 13.7 - 0.35 1.02

Table 7: Effect of soaking and foliar application of potassium

humate on protein and carbohydrate   contents in wheat

grain.

Treatments Protein content % Carbohydrate content %

Control 13.7 30.4

S 15.2 33.7

F1 17.4 40.2

F2 19.6 43.6

EF1 20.1 43.9

EF2 22.4 44.2

SF1 22.9 44.8

SF2 23.4 45.2

SEF1 24.6 47.8

SEF2 26.8 51.2

L.S.D. 0.05% 0.47 1.44
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