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Studies on the Leaf Sap pH of Important Crops
Yang-mun Park

Summary

The pattern of pH changes in the leaf sap with changes of nutrient solution and soil pH were
invstigated. Further studies on the relation between sap pH and the growth and yield of major

crops were made.

The results obtained are summarized as follows;

. The sap pH of the terminal, basal and middle leaves of fifteen crops was measured. The
average pH of the three different types of the leaves was the same in each crop.

. Sap pH of corn, soybean and sweet potato showed low acidity in the morning and tended to
strengthen in the afternoon,

3. No significant differences of sap pH exsisted between five varieties of sweet potatos tested _

4. Sap pH was slightly affected by the stage of crop growth, there’s being a tendency towards

less acidity in the later stages of growth. A pH difference occured between leaves attached at

different places up the stem.

. Sap pH measurements on major crops(37 species) and weeds(16 species) showed a pH range of

3.83~7.31. When classified into six groups : 19 species had a pH of 5.6~6.0, 17 species a pH

of 6.1~6.5, four species (grape, ginkgo,

species (pumpkin, rice, soybean, ramie,

above 6. 6.

persimmon, rumex) were below pH 4.5 and eight

perilla, rape, alfalfa and speedwell) showed sap pH

. When crops (rice, corn, soybean, sweet potato, pumpkin) were cultivated in nutrient solutions

. different pH,

strongly acid and alkaline solutions were neurtralized by crop growth.

Dispite

this littl: change was observed in plant leaf sap pH.
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Table 1.

Relation of leaf age(position) and leaf sap pH measured at nosn.

Leaf position

Families Crops Terminal Middle Bsaal Average
Gramineae Rice 6.68 6. 62 6.55 6 62
Barley 6. 54 6. 51 6.52 6. 52
Wheat 6. 43 6. 41 6.39 é. 41
Corn 5.60 5.38 5.34 5.44
Fabaceaee Soybean 6. 65 6. 49 6. 40 6.51
Garden bean 5.89 5.81 5.75 5.82
Cowpea 6.14 6.09 6.05 6.09
Polygonaceae Buckwheat 4.84 4.71 4,66 4,74
Convolvulaceae Sweet potato 6,02 5.77 5.74 5.84
Solanaceae Potato 6.12 6.06 6.02 6.07
Cruciferae Radish 5.92 5.73 5.75 5.80
Chinese cabbage 6.52 6. 34 6.12 6.33
Bromeliaceae Pine apple 4.90 4.91 4.81 4.87
Rutaceae Orange 6.08 5.99 5.86 5.98
Vitaceae Grape 3.95 3.83 3.70 3.83
Average 5.89 5.78 5.71 5.79
Difference +0.10 —0.01 —0.08 —

* Terminal as young and newly developad leaves,

middle as middle positioned and fully

matured leaves and basal as basal positioned and partly discolorated or be senescent.
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Table 2—]1. Changes of leaf sap pH in some crops at the different day time during the
growth period.

Crops Date Hmes 2 5 Tli;ne of ]I);y S Average C.v.
Corn Jun. 30 5.62 5.60 5.37 5.30 5.46 5.47
(Native) Jul. 21 5.70 5.32 5.32 5.32 5.33 5.40

Aug, 11 5.74 5.73 5.70 5.66 5.60 5. 69

Average 5.68 5.55 5.46 5.42 5.4% 5.52 5. 51
Soybean Jul, 25 6. 67 6.80 6. 41 6.50 6. 40 6. 56
(Hill) Aug. 14 6.40 6.15 6,50  6.50 6.52 6. 42

Sep. 4 | 6.56 6.50 6. 48 6. 42 6.56 6.50

Average 6. 54 6. 49 6. 46 6.47 6. 49 é. 49 0.48
Sweet Jul. 20 5.78 5.67 5.90 6.06 6.20 5.92

prtato Aug. 10 ' 5.88 6.04 6.17 6.00 6.00 6.02

(Native) Aug, 31 5.80 5.92 6.04 6.02 6. 14 5.98

Sep. 21 5.79 6.02 6.00 6.00 5.94 5.95

Oct. 12 5.98 6.02 6.20 6.00 6.08 6. 01

Nov. 3 6.20 46.00 6. 20 6.00 6.08 6. 10

Average 5.91 5.95 6.09 6.01 6.05 6.00 1.22
Table 2--2. Changes of leaf sap pH of orange in the day time during the crop season.

T'imes ;

Month ) 5 Tlm;azof Day 5 % Average C.V.
Jan. 15 5.72 5.72 5.70 5.70 5.70 5.71
Feb. 15 5.74 5.74 5.70 5.70 5.71 5.71
Mar. 15 5.77 5.77 5.75 5.75 5.79 5.77
Apr. 15 5.80 5.77 5.80 5.75 5.76 5.77
May. 15 5.94 5.92 5.82 5.77 5.79 5.85
Jun, 15 6.02 6.02 5.90 5.78 5.82 5.91
Jul. 15 6.04 6.00 6.00 5.78 5.79 5.92
Aug. 17 6.04 6.00 5.90 5.76 5.80 5.90
Sep. 15 6.04 5.98 5.87 5.75 5.80 5.89
Oct. 16 6.00 5.82 5.77 5.74 5.76 5.82
Nov. 15 5.97 5.96 5.90 5.72 572 5.78 5.87
Dec. 15 5.9? 5.92 5.88 5.72 5.82 5.87
Average 5.92 5.87 5.88 5.74 5.78 5. »83 1.76
Difference +0.09 +0.04 0.00 —0.09 —0.05 -
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Table 3. Changes of leaf sap pH of sweet potatoes during the crop season
(Data measured at 12 o’clcok of the day).

Date

Jun, 30 Jul. 21 Aug. 11 Sep. 1 Average C.V.
Varieties
Hwangmi 6.00 6.00 6.08 6.00 6.02
Shinmi 6.00 5.90 5.94 5.90 5.94
Suwon 97 6.01 5.91 5.92 6.04 5.97
Suwon 98 6. 04 6.02 5.93 5.98 5.99
Hongmi 6,04 6.02 5.96 5.98 6.00
Average 6.02 5.97 5.97 5.98 0.02

# Soil moisture 60~70%.
Experimental field was volcanic soil.
Conventional culturing.
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Table 4. Color and pH of leaf sap of various crops.

Time of Day

Scientific name Sap color 5 iz G Average CV,
Fagopyrum esculentum MCENCH Blue green 4.88 4.70 4.62 4.70
Solanum tuberosum L. Black green 6.00 6.12 6.07 6.06
Sorghum vulgare PERC, Dark green 5.67 5.50 5.63 5.51]
Zea mays L. ” 5.62 5.37 5.30 5.43
Ipomea batatas poiret SYN, Black green 6. 20 6. 12 6.00 6. 11
Phaseolus vulgaris L Dark green 5.94 5.80 5. 64 5.79
Oryza sativa L. ” 6.56 6. 62 6.54 6.57
Glycine max(L.) Merrill SYN. ” 6. 67 6. 41 6.50 6.53
Vigna sinems ENDL ” 6.12 6.10 6.06 6.09
Ricinus communis L. Green 6.08 6. 60 6.72 6. 47
Boekmeria nivea Hooker Black brown  6.99 6.72 6. 60 6.77
et ARNOTT
Brassica napus L. Dark green 6. 84 6.72 6. 60 6.72
Perilia frutescens Britton ” 6.82 6.72 6.60 6.71
var. japomica HARA
Cannrabis sativa L. ” 6.38 6.22 6.06 6.22
Gassia tora L. Green 6.20 6.52 6. 60 6. 44
Perilla sikokiana NAKAI Red brown 6. 80 6.54 6. 42 6. 59
Trifolium repens L. Chrome green &.15 6.05 5.70 5.97
Dactylis glomerata L. Black green &4.29 6.10 5.98 6.12
Cassia nommame HONDA Green 6. 42 6.22 6.06 6.23
Medicago sativa L. Dark green 7.20 7.00 6.92 7.04
Lespedeza spp. ” 5.86 5.70 5.52 5.70

Average 6.22 6. 13 4.03 6.13 .17

# Sap %olor by color standard.

Leaf sap pH measurement by electric pH meter(CORNING-EEL Model 12).
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Table 5. Color and leaf sap pH of vegetables,

Time of Day

Scientific name Sap color 9 1z G Average

Oenanthe stolonifera(Roxburgh) Black green 5.72 5.51 5. 40 5.54
DC.
Raphanus sativa L. Dark green 5.90 5.74 5.82 5.75
Brassica pekinensis PUPR, Yellow green  6.55 6.34 6,08 6.32
Cucurbita spp. Chrome green 7.55 7.33 7.00 7.31
Capsioum annuum L. Green 6.04 5.90 5. 65 5.86
Lactuca sativa L. Black green 4.92 4.80 4.68 4.80
Calogasia antiquorum SCHOTT Dark green 5.83 5.62 5,50 5.65
Solanum melongena L. Black brown 5.79 5.62 5.52 5.64
Lycopersicum esculentum MILL, Dark green 592 5.74 5.62 5.76
Average 602 58 570 585
Table 8. Color and pH of leaf sap of fruit trees sampled on June 15, 1977.

Scentific name Sap color 3 Timel(;f Day 3 Average
Ananus comosus(L.) MERR. Yellow green 5.04 4.92 4.80 3.92
Prunus persica BATSCH Green 5.80 5.66 5.50 5.65
Citrus unshivu MASCOV Brown 6.05 5.90 5.78 5.9
Juglans regia L. Yellow green 5.92 5.80 5.66 5.76
Diospyros kaki Thunb. var. ” 4.12 4.00 3.78 3.97
domestica MAK.

Ginkgo biloba L. ” 4,12 4,00 3.78 3.97
Vitis vinifera L. Brown 3.9? 3.84 3.70 3.83
Average 5.02 4.88 4.72 4.87
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Table 7. Color and pH of leaf sap in weeds collected from upland and natural grassland.

Scientific name

Time of Day

Sap color 5 1z B Average
Pteridium aquilium KUHN Light brown 6.50 6.35 6.20 6.35
Artemisia vulgaris L. Black brown 562 5.50 5.33 5.50
Leonurus sibiricus L. Light green 6.29 6. 14 6.00 6. 14
Erigeron canadensis L. Yellow ochre 6.00 5.84 5.76 5.87
Amaranthus mangostanys L. Light gray 6.48 6.30 6.20 6.33
Calystegia japonica CHOISY 6.25 6.10 6.00 6,12
Paspalum thunbergii KUNTH. Black green 6.15 6. 00 5.88 6.01
Phytolacca kaempferi A. GRAY Dark green 6.45 6.28 6.20 6,31
Digitaria adscendens HENR. 6.65 6. 46 6.30 6. 47
Achyranthus japonica NAKAI Black green 7.02 6.94 6.92 6.96
Setaria gigiantea MAKINO Dark green 5.97 5.82 5.70 5.83
Rumex crispus L. 4,08 3.90 a.78 3.92
Houttuyia cardata THUNB. Black brown 5.51 5.00 4,88 5.01
Imperata cylinderica P. Beauv. 5.80 5.68 5. 60 5.69
var, koenigii DURAND
Chenopodium album L. Dark green 6. 62 6. 42 6.30 6.45
Zijania caduciflora NAKAI 6.46 6.32 6.20 6.33
Average 6.09 5.94 5.83 5.96
Table 8. Classification of plants in terms of leaf sap pH.
pH Slightly acid Neutral
—4.5 4.6—5.0 5.6—6.0 6.1—6.5 6.6—
Grape Lettuce Radish Garden bean Pumpkin
Ginko Buckwheat Pepper Cowpea Rice
Persimmon Upland rice Barley Soybean
Rumex Millet Wheat Ramie
Small red bean Rye Perilla
Sweet potato Potato Rape
Beef-steak plant Hemp Alfalfa
Citrus Castor-bean Speedwell

Dropweed
Egg plant
Tomato
Taro

Peach
Walnut
Korean lespedeza
White clover
Motherwort
Horse weed
Needle grass

Chinese cabbage
Orchard grass -
Senna
Brackern fern
Amaranth
Bindweed
Paspalum
Larger crab
grass

White goose
foot

— 92 —
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Table 9. Nutrient solution(A) of Kasukyai(1935) and nutrient solution(B) of Sachs(1860).

Elements Salts mg/liter(A) Salts g/liter(B)
N (NH,),S0, 4—140 KNO, 1.0
P,0, Na,HPO,-12H,0 2—20 Cas(POy), 0.5
Ki0 KCl 3—30 MgS0,-7H,0 0.5
Cap CaCl, 0.4—4 CaSC,-2F,4?D 0.5
MgO MgCl;-2H,0 0.6—6 ' NaCl 0.25
Fe 0, Fe,Cly 0.1—5 FeS0,-7H,0 0.05

Table 10. Changes of pHs of nutrient solution and leaf sap of crops cultivated in the different
initial pH conditions which adjusted by diluted HCl and NaOH solution. pHs were
mesured weekly from the day of treatment,

lﬁ:r;!:(l) pH of nutrient solution pH of leaf sap
Crops N O(A) 20 27 34 Ave. (A)-(B) 70 27 34 41 Ave. C. V(%)
Rice 4.5 4.8 50 53 4.9 +0.8 6.5 6.5 6.4 6.4 6.5 0.9
(Palgum) 5.5 5.7 5.8 5.9 5.7 +0.2 6.6 6.6 65 64 6.5 1.5
6.5 6.5 6.5 6.6 6.5 +0. | 6.7 6.7 6.7 6.6 6.7 0.6
7.5 7.4 7.2 7.1 7.3 -2 6.8 6.7 67 6.7 6.7 0.7
8.5 8.1 7.8 7.7 8.0 —a3.8 6.9 6.8 6.8 6.8 6.8 0.7
Ave., 6.5 6.5 6.5 6.5 - 6.7 6.7 6.6 6.6 6.6 -
Corn 4.5 4.7 50 52 4.9 +0.7 5.7 5.7 55 58 56 2.0
(Suwon 19) 5.5 5.5 55 55 5.5 0.0 5.7 5.7 56 55 5.6 2.0
6.5 6.3 6.0 58 6.2 —0.7 5.6 5.6 55 55 5.6 1.0
7.5 7.2 7.0 —0.9 5.4 5.4 53 5.4 5.4 1.0
8.5 8.0 7.7 7.3 7.9 —0.6 5.3 5.3 53 53 5.3 0.0
Ave 6.3 9.2 6.1 4.3 - 5.5 55 54 54 55 -
Soybean _ 4.5 5.2 6.3 6.5 5.6 +2.0 6.7 6.8 6.8 6.8 4.8 0.7
(HilD 5.5 6.1 54 6.6 6.2 +1.1 6.7 67 67 6.7 6.7 0.0
6.5 6.5 67 6.7 6.6 +0.2 8.7 6.6 &6 6.6 6.6 0.8
7.5 7.3 7.0 68 7.2 —0.7 6.7 6.6 6.6 65 6.6 1.2
8.5 7.8 7.6 7.0 7.7 —1.5 8.6 65 6.5 65 6.5 0.0
Ave. 6.6 6.8 6.7 67 fond 6.7 &6 66 6.6 6.6 -
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g:;n:’( 1) — pH of nutrient solution pH of leaf sap

Crops \ O(A) 20 27 34 Ave. (A)—(B) 20 27 34 41 Ave. C.V.(%)

Sweet 4.5 4.5 4.5 4,5 4.5 0.0 6.0 6.0 60 6.0 6.0 0.0

Potato 5.5 5.5 55 55 55 0.0 60 6.0 6.0 6. 0 6.0 0.0

(Hongmi) 6.5 6.3 6.3 6.2 6.3 —0.3 6.1 6.2 6.2 6.2 62 0.8
7.5 7.2 6.8 6.4 6.9 —1.1 6.3 6.3 6.3 6.4 6.3 0.8
8.5 8.0 7.7 7.5 7.9 —1.0 6.5 6.6 6.8 6.8 6.7 2.2
Auve. 6.3 6.2 6.0 6.2 — 6.2 6.2 6.2 6.3 6.2 —

Pumpkin 4.5 4.8 4.8 47 4.7 +0.2 6.5 6.4 6.2 6.2 6.3 2.4

(Bulam) 5.5 5.5 5.6 56 5.6 +0.1 7.0 6.8 &7 6.4 6.7 3.7
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