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The study was aimed at the assay of the effects of overhead irrigation and high mineral
fertilization on pigment content, enzyme activity, photosynthesis, and the yield of small bean,
pea and white lupine cultivated on a sandy soil.

It was found that irrigation and high doses of fertilizers caused an increase of pigment content
in the tested plant leaves, and modified the activity of red-ox enzymes. The intensity of photo-
synthesis, transpiration and diffusive conductance of the leaves was also enhanced.

As effect of the increased physiological activity caused by the applied treatments, the yields
of grain and straw markedly increased.

INTRODUCTION

Intensification of agricultural production on sandy soils which cover over 60% of Poland's
arable soils will always be the subject of research. One of the means enhancing yields of
plants cultivated on such soils is providing the plants with sufficient water and proper mineral
fertilization which makes the cultivation of such demanding plants as small bean and pea,
possible. Of the scarce papers dealing with the influence of intense agrotechnique of le-
gumes planted on sandy soils, the ones published by Boréwczak (1997), Dziezyc (1989),
Karczmarczyk (1979), Grabarczyk et al. (1995), Panek (1983), Stock et al. (1981) should be
mentioned.

Better growth of legume plants when irrigation was applied and the ensuing higher yield
can be explained by enhanced activity of the plant's physiological processes during vege-
tation. Therefore this study was aimed at the assessment of the influence of overhead
irrigation and high doses of mineral fertilizers on the content of chlorophyll and carotenoides
in the plants, intensity of photosynthesis and enzyme activity of small bean, pea and white
lupine, cultivated on a sandy soil.

MATERIALS AND METHODS

The field and lab experiments were done in 1995-1996 on a sandy soil (5 Bw, pgl:pgm). The
humus content was 1.3-1.5%, floatable parts 11-13%, pH,, 5.2-5.6.
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The temperature and rainfall were close to the average. Although these years were not
extremely dry, rain deficit occured in 1995 in April, May and July, and in 1996 in April and
June. The irrigation doses were 80-100 in 1995, and 40 mm in 1996. The first factor of the
experiment was irrigation (O and W), the second - 4 levels of mineral fertilization (0, 120,
240, 360 kg NPK/ha). The proportion of NPK was 1:2:3. The irrigation doses and timing were
determined by the plants' 10-day water requirement (Dziezyc et al. 1987).

Samples for the assay of pigments were taken from the top leaves of small bean (cv.
Tinos), and of white lupine (cv. Bardo), stipule and tendrils of pea (cv. Tegma), at the stage
of fruit formation. The pigment content was assessed colorimetrically in N,N-dimethylforma-
mide extracts, at 440, 645 and 663 nm. The activity of enzymes and nitrate content was
assessed in the same plant organs. The nitrate content was measured by an ionselective
electrode, the nitrate reductase using reduced NADH as hydrogen donor, the phosphatase
and peroxydase activity - by colorymetry. The leaf surface was measured: by the Delta-T
Image Analysis System (DIAS). Intensity of CO, assimilation, transpiration, CO, concentra-
tion in the substomatal cells, stomatal conductance, leaf temperature were measured by the
LCA-4 analyser of British production. The measurements were taken at the fruit forming
stage. These analyses, and the pigment content were done for the 0, 1, 3 NPK plots, non
watered and watered. The crops were harvested from 18 m?2 plots and calculated as tons
per 1 ha. All results were subjected to statistical analysis of variance.

RESULTS

The plant's content of photosynthetic pigments is influenced by the environment, particularly
by naturient and water supply, as by insolation. Data presented in Tables 1, 2, 3 proved that the
applied agrotechnical measures significantly changed the pigment contents of all tested plants.

The highest content of chlorophyll and carotenoides was found in small bean leaves
(Table 1). The chlorophyll content increased as effect of fertilization by 26%, (chlorophyll a
by 31, chlorophyll b by 41%). The effect of irrigation was only 10%. Of the pigments which
are active in photosynthesis, a big role play the carotenoides which, according to Devlin and
Barker (1971) protect the chlorophyll against photooxydation, transmit the light energy to
chlorophyll and also take part in the carbon dioxide assimilation. As effect of irrigation the
carotene content increased by 8%, but as effect of fertilizer by 15%.

Table 1. Pigment content in small bean leaves (ug/g fr. wgt.)

Irrigation Mmerez'l( Sf;z:‘gll)lzatlon Chlor;phyll Chlorgphyll Ch[;l':)ct)zlhy" Carotenoides
Not 0 1395 428 1823 709
irrigated 120 1454 482 1936 782

360 1570 579 2149 812

Mean 1473 496 1969 768
Irrigated 0 1453 458 1911 754
120 1469 509 1977 863

360 1870 670 2539 875

Mean 1597 545 2142 831
Effect of 0 1424 443 1867 731
fertilization 120 1461 495 1957 823
360 1720 624 2344 843

LSD, o5 for: irrigation 78 33 101 45
fertilization 124 47 116 51

interaction 179 69 146 73
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The chlorophyll content in pea was much smaller than in small bean (Table 2), but the
impact of irrigation and fertilizers was larger. Irrigation caused a 30% increase of chlorophyll
content in the stipule, the high fertilizer dose - even by 60%; the carotenoides content
increased by 22 and 52%, respectively. The stipule which are leaf substitute, contained
approximately half the amounts of the tendrils, and increases caused by irrigation and
fertilization were also much smaller. The white lupine leaves contained also large amounts
of pigments, though not as large as smail bean; irrigation caused an increase of chlorophyll
content by 27%, fertilization - by 40%. Ratio of chlorophyll b to a was approximately 1:4, and
was almost the same in all compared plants.

Table 2. Pigments content in the tendrils and stipules of pea (ug/g fr. wagt.)

migaton | (otiieon | e | MO kgt | Carotenoides
(kg/ha) stipules |tendrils | stipules| tendrils | stipules | tendrils| stipules | tendrils

Not 0 635 483 177 102 813 585 402 307

irrigated 120 999 542 354 125 1353 667 539 369

360 1365 617 444 142 1809 759 715 392

Mean 1000 547 325 123 1325 670 552 356

Irrigated 0 1230 505 328 107 1558 612 564 350

120 1255 561 365 133 1619 694 697 410

360 1520 670 463 228 1983 927 752 433

Mean 1335 589 385 156 1720 744 671 398

Effect of 0 933 494 253 104 1185 598 483 329

fertilization 120 1127 552 359 129 1486 681 618 390

360 1443 658 453 185 1896 843 733 412

LSDy o5 for: irrigation 89 1" 15 13 1M1 28 17 15

fertilization 116 21 29 23 139 34 33 24

interaction 158 29 43 41 198 54 58 30

Table 3. Pigment content in white lupine leaves (ug/g fr. wgt.)

Irrigation Mmer?‘l( ;?_r:tgl)lzatlon Chloraophyll Chlor;)phyll cm;,r?ot?)LyH Carolenaides
Not 0 878 192 1071 526
irrigated 120 1140 223 1364 678

360 1164 272 1436 690

Mean 1061 229 1290 631
Irrigated 0 1049 249 1298 576
120 1354 366 1720 738

360 1458 423 1882 750

Mean 1287 346 1633 688
Effect of 0 964 220 1184 551
fertilization 120 1247 295 1542 708
360 1311 348 1659 720

LSDy o5 for: irrigation 58 21 124 16
fertilization 79 25 150 24

interaction 102 41 226 39

Studies done by Sestak and Catsky (1962), and by Wojcieska et al. (1983) showed that
the content of pigments is not directly related to the intensity of photosynthesis and biomass
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production, but if considered jointly with the assimilation surface of the whole plant, it may
affect the biomass synthesis, hence the yield.

In Table 4 the surface of the leaves is presented. Both irrigation and fertilization visibly
increased the total surface of the leaves, which combined with the pigment content enhanced
the yield of both the seeds and the straw. The leaf surface of small bean increased as effect
of irrigation by 48%, pea stipule by 64%, tendrils by 86%, lupine leaves by 12%. High fertilizer
doses caused the leaf surface to increase by 197, 205, 366 and 71%, respectively. These results
correspond with those described by Karczmarczyk et al. (1993) and Zbie¢ et al. (1988).

Table 4. Assimilation area of leguminose plants (mean of 2 years)

Mineral Species of leguminose plant
Irrigation fertilization
: (kg/ha) i Peg prreres Small bean White lupine

Not 0 247 90.6 229.0 370.2
irrigated 120 73.9 181.5 397.5 448.2
240 124.9 219.7 666.5 585.9

360 1265 2445 605.5 596.9

Mean 84.5 184.1 4746 500.3
Irrigated 0 62.4 148.6 380.7 389.4
120 104.2 244.0 4251 461.0

240 183.0 3294 805.1 696.2

360 278.7 486.0 1204.7 703.4

Mean 157.1 302.0 703.9 562.5
Effect of 0 435 119.6 304.8 379.8
fertilization 120 89.0 212.7 411.3 4546
240 153.9 2745 735.8 641.1

360 202.6 365.2 905.1 650.1

Mean 122.3 243.0 589.2 531.4
LSDg 5 for: irrigation 34.2 57.3 146.0 324
fertilization 255 33.6 121.0 18.3

interaction 46.4 70.6 208.4 75.7

Enzymes are the motor of all processes, and their activity depends on nutrients and water
supply. Of the red-ox enzymes, nitrate reductase is vital since it is responsible for the
transformation of nitrogen, phosphatases control the phosphorus conversion, and peroxy-
dase protects the phytohormons against biological oxydation. The results pertaining to the
activity of enzymes in the tested plants are presented in Tables 5, 6, 7.

All three plants showed an increased activity of nitrate reductase caused by high mineral
fertilizer dose, and this activity was also related to the nitrate content in the leaves. A lower
content of nitrate and decreased nitrate reductase activity were probably connected with a
faster reduction of the former and incorporation of nitrogen into aminoacids in plants which
were able to assimilate more carbon dioxide, hence more carbohydrates could be produced.
These theses find confirmation in a higher chlorophyll and carotene content (Table 1, 2, 3),
a larger leaf surface (Table 4), and intensity of photosynthesis (Table 8).

The activity of peroxydase in pea stipule was by 46% higher if the plants had been
irrigated, and by 15% as effect of high fertilizer doses (Table 6). The increase of that enzyme
activity in the other plants increased only by several percent (Table 5, 7).



Table 5. Nitrate content and some enzyme activity in small bean leaves during flowering stage

Obiect Nitrate Phosphatase
(kg/ha) .| (umol-g-h) acid alkaline
Not 0 100 187 46 12.7 30.8
irrigated 120 116 225 50 10.6 3.7
360 120 244 57 9.9 324
Mean 112 219 51 11.1 31.6
Irrigated 0 78 131 47 11.3 30.0
120 85 150 52 10.6 32.6
360 93 206 59 10.3 334
Mean 85 162 53 10.7 32.0
Effect of 0 89 159 47 12.0 30.4
fertilization 120 100 188 51 10.6 322
360 106 225 58 10.1 32.9
Mean 98 191 52 10.9 31.8
* - AE/S-100 g.

Table 6. Nitrate content and some enzyme activity in pea leaves during flowering stage

Obiect N-NO, Nitrate Peroxydase Phosphata_1se

e NPK (mg/kg) reductase (unit)* . (mmol-kg') :

Irrigation (kg/ha) (pmol-g-h-1) alkaline acid
stipules | tendrils | stipules | tendrils | stipules | tendrils | stipules | tendrils | stipules | tendrils
Not 0| 85 70 140 130 83 63 15.2 85 | 544 | 66.6
irrigated 120 | 98 74 150 146 94 74 | 16.5 8.2 | 68.2 75.3
360 | 100 76 206 167 99 83 19.0 8.8 | 804 91.0
Mean 94 73 165 148 92 73 16.9 85 | 67.7 77.6
Irrigated 0| 65 58 112 98 125 73 | 166 9.2 | 64.8 73.5
120 | 70 65 134 116 136 84 | 176 | 106 | 66.7 | 927
360 | 85 70 168 132 140 88 | 18.3 9.8 | 68.2 | 111.8
Mean 73 64 138 115 134 82 17.5 9.9 | 66.6 92.7
Effect of 0| 75 64 126 114 104 68 15.9 8.9 | 59.6 70.1
fertilization 120 | 84 70 142 131 115 79 | 171 94 | 675 84.0
360 | 93 73 187 150 120 86 18.7 93 | 743 | 1014
Mean 84 69 152 132 113 78 17.2 9.2 | 671 85.2

* - AE/S-100 g.
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Table 7. Nitrate content and activity of some enzymes in white lupine leaves during flowering

stage
j (,)bIeCt NPK N=NO, reﬁg::attaese Peroxyd*a 5e P(Pr-;?rfl%:‘-la(;a-?)e
Irrigation |\ o/ha) (mahka) | (umol-g-h1) (unit acid alkaline
Not 0| 100 150 42 22.0 52.6
irrigated 120 | 116 168 48 21.7 62.8
360 | 120 206 57 19.6 66.6
Mean 112 175 49 23.1 60.7
Irrigated 0 98 120 44 25.2 54.4
120 110 146 50 18.8 66.7
360 115 180 58 18.5 68.2
Mean 108 149 51 20.8 63.1
Effect of 0 99 135 43 23.6 53.5
fertilization | 120 | 113 157 49 20.3 64.8
360 118 193 58 19.1 67.4
Mean 110 162 50 21.0 61.9
* - AE/S-100 g.

The activity of phosphatases was not much affected by the applied measures, only the pea
stipule showed an 45% activity increase as effect of fertilization, and 19% - caused by irrigation.
These results are similar to those reported by Karczmarczyk et al. (1990, 1993), Wojcieska et
al. (1991, 1994 a, 1994 b), Zbie¢ et al. (1988). It must be mentioned, that the differences in the
enzyme activity, particularly of nitrate reductase were much larger in cereals, which can be
explained by much higher fertilizer doses applied to cereals, particularly of nitrogen. It is evident
that the increased enzyme activity, larger content of chlorophyll and carotenoides were beneficial
as far as the photosynthesis and biomass production is concerned.

The measurements of the plant's photosynthesis were done the day after irrigation, at the
active radiation (PAR) of 380 mmol-m?-sec”. The photosynthesis of the top leaves of small
bean increased on watered plots by 23%, pea by 32%, lupine by 12%. Higher doses of
fertilizer caused increases of 19, 34, 20%, respectively.

The plants transpiration also increased, that of pea to the greatest extent - by 46%, the least
of lupine - by 30%. The two processes are strictly related, a larger production of organic
compounds increases the demand for minerals taken up from the soil, on the other hand a better
supply of nutrients, particularly nitrogen and magnesium enhances assimilation and pigment
synthesis.

The concentration of carbon dioxide in the substomatal cells (C,) decreased on objects
which showed an increased photosynthesis, this indicates a larger uptake and use of CO,.
The leaf conductance also increased as effect of the applied measures. This feature facil-
itates the transmission of carbon dioxide to the photosynthetic apparatus. The described
results confirm those described by Wojcieska (1994c), Wojcieska and Szczypa (1971),
Wojcieska-Wyskupajtys (1996), and Zbie¢ et al. (1988).

Enhanced activity of physiological processes found in plants which had received proper
watering and fertilization increased their yield. Data of Table 9 show that small bean yielded by
40% better, and in 1995 even by 53%. The yield increase of pea was smaller, only 26%, and
in 1995 by 45%. The crop of white lupine was by 17 and 28% larger, respectively. Since the years
of the experiment were not very dry, the effect of fertilizer doses was much larger: the triple NPK
dose increased the small bean yield by 84%, in 1996 by over 100%. The yield of pea was by
56%, that of lupine by 70% higher. The combined effect of both measures reached 136% in case
of small bean seeds, 92% - pea, 102% of white lupine.
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The straw yield was less affected by irrigation, but there is no doubt that the study on the

response of various plant species to supplemental irrigation and fertilizer doses is purpose-
ful. The influence of agrotechnical measures on the plant's physiological processes should
also be considered since it determines the yield.

CONCLUSIONS

1.

Supplemental irrigation and high doses of mineral fertilizer caused significant increases
of the content of chlorophyll and carotenoides in small bean, pea and white lupine leaves,
and also modified the activity of red-ox enzymes. High NPK doses increased the activity
of nitrate reductase in all tested plants, and that of peroxydase in pea stipule. Irrigation
decreased the activity of nitrate reductase, but slightly increased the acid phosphatase
activity.

. The applied agrotechnical measures enhanced the carbon dioxide assimilation and tran-
spiration, and decreased the concentration of CO2 in the substomatal cells. An increased
stomatal conductance was also found, particularly in the pea stipule.

. As effect of the increased activity of the plant physiological processes caused by the

applied agrotechnique, an increased yield of seeds and straw was obtained. The yield of

small bean from irrigated plots was by 40% higher, that of pea by 26%, of white lupine
by 17%. High doses of mineral fertilizer increased the crops by 84, 56, 70%, respectively.

The combined effect of both measures always exceeded 90%.
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STRESZCZENIE

Celem przeprowadzonych badan bylo okreslenie wplywu uzupeiniajacego deszczowania oraz wysokiego
nawozenia mineralnego na zawarto$¢ barwnikow, aktywno$¢ enzyméw oksydacyjno-redukeyjnych oraz
intensywnos¢ fotosyntezy i plony bobiku, grochu i fubinu biatego uprawianych na glebie lekkiej.

Stwierdzono, ze deszczowanie oraz wysokie dawki nawozéw mineralnych spowodowaly istotny wzrost
ilosci barwnikow w lisciach testowanych roslin oraz modyfikowaly aktywnosé enzymow oksydacyjnych.
Wzrosta tez pod ich wplywem intensywnos¢ fotosyntezy i transpiracji oraz przewodnosé dyfuzyjna lisci.

W efekcie wzrostu aktywnosci procesow fizjologicznych pod wplywem zastosowanych zabiegéw agro-
technicznych uzyskano istotne przyrosty plonow nasion i stomy.
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