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THEOREMS

I

Necessary changes for grassland farming in India from pure plundering to a stabilized
management on a high production level is in a vicious circle.

SempLE, A. T., Improving the world’s grassland. (1952) Leonard Hill Limited.
WayTe, R. O., The grassland and fodder resources of India. (1957) I.C.A.R.
Scientific monograph No. 22.

I1

Grazing in forest areas in India is a perpetual problem.

Bor, N. L., Presidential address to the Botany Section of the Indian Science Con-
gress. (1942).

CuamrioN, H. G., and A. L. GrirriTH, Manual of general silviculture for India.
(1948) Oxford Univ. Press.

I11

The importance of finding and the maintenance of a suitable botanical composition in
natural grasslands of India is of primary importance.

WHYTE, R. O., The grassland and fodder resources of India. (1957) I.C.A.R.
Scientific monograph No. 22.

v

Contrary to the pessimistic attitude about legumes in tropical grasslands, recent
research in management and other allied branches have opened up new possibilities.

TeEMPANY, H., and D. H. GrisT, An introduction to tropical agriculture. (1958)
Longmans, Green & Co.

Davigs, J. G., Pasture and forage legumes for the dry sub-tropics and tropics
of Australia. (1960). Paper read at 8th International Grassland Congress.

JosHi, A. B., and B. D. PaTiL, Breeding of forage species in India — problems and
prospects. (1960). Paper read at 8th International Grassland Congress.

A

The method of D. M. DE VRIEs ef al. to evaluate grasslands has its limitations.

VRies, D. M. pg, Nederlandsch Kruidkundig Archief. (1942), Deel 52.
VRIes, D. M. DE, and TH. A. DE BoER, Herbage Abstracts. March (1959).

VI

Removal of all ,,Laxton’s superb’ pear trees in the Netherlands, proposed by VLAs-
VELD in order to avoid the fireblight disease, will have no effect in this country.
VLASVELD, W. P. N., De Fruitteelt. (1960) No. 9.

VII

The problem of cattle population in India is more than anything else a sociological one
and for the solution of the problem, more attention should be paid to this aspect in the
rural communities of India.



VI

It is in the first place the impact of technological changes and not legislation or
religious reforms, which will bring about the dissolution of the Caste system in India.

IX

The pre-treatment of maize seedlings with shortday gives no solution of the difficulties
to grow ,,kernel maize” in the Netherlands.

X

Ultimate lodging or the degree of lodging in cereals depends on the interactions of
many factors concerned and not on a particular factor. Knowledge about this inter-
action at any growth stage of the plant is still inadequate.

Proefschrift K. M. SEN
Wageningen 1960
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1. INTRODUCTION

1.1. DESCRIPTION OF THE WEED PROBLEM IN GROWING GRASS SEEDS
IN THE NETHERLANDS

In the Netherlands most grass species grown for seed production are perennial
plants. For crop rotation at farms most of these species are grown as wintering
,,biennial” crops. After harvesting the seeds, a varying percentage of the fields
depending on the species is maintained for one or more growing seasons. The annual
species Lolium multiflorum LAMK. westerwoldicum, grown for seed-production pur-
poses, is included in crop rotation as a spring-sown crop and is harvested in the sum-
mer of the same year.

The method in which grasses for seed production are grown partly determines to
what extent weeds may influence the development of these plants. Many grass-seed
crops, e.g. Festucarubra L., Dactylis glomerata L. and Poa pratensis L., are sown under
a cover crop in spring, e.g. peas, fiber flax, poppy seed or spinach grown for seed.
The relatively open and not too competitive character of these crops allows a slow
establishment of the grass seedlings. On loam and clay soils, spring wheat, barley or
oats are seldom used as cover crops for grass-seed crops, but on sandy soils winter
rye is a common cover crop for Festuca ovina L.

After harvesting the cover crop, the development of young grass plants may be con-
siderably influenced by weeds.

After harvesting, fertilizer applications to promote the development of grass may
stimulate weed growth. Therefore, weed control in the stubble at the end of summer
and in early autumn may be of vital importance to the success of the crop.

In the Netherlands grass-seed crops are commonly grown on medium and heavy
soils, although sandy soils are also utilized for some species, e.g. Festuca ovina.
Heavier soils generally have a rather broad weed spectrum, in which annual as well
as perennial weeds play an important part. Among the dicotyledonous annual weeds
Stellaria media (L.) VILL. ssp. media, Veronica (L.) spp., Capsella bursa-pastoris (L.)
MED., Matricaria L. spp., Sonchus asper (L.) HILL are most frequent. As perennials
Cirsium arvense (L.) Scop., Sonchus arvensis L., Tussilago farfara L. and (on sandy
soils) Rumex acetosella 1. can be troublesome. The most prominent annual grass
weeds are Poa annua L. and Alopecurus myosuroides HUDs.

In grass-seed growing the commercial value of the product is of course greatly
influenced by the absence of weed seeds and undesirable grass seeds. In the Nether-
lands the growing of grass-seed crops is allowed under the regulations of the N.A.K.
(Nederlandse Algemene Keuringsdienst voor Landbouwzaden en Aardappelpootgoed,
General Netherlands Inspection Service for Seeds of Field Crops and for Seed
Potatoes). The contracts between growers and seed firms are usually based upon the
,Algemene Teeltvoorwaarden” (,,General Growing Agreement”). In both sets of
regulations the purity of grass seed and its germination capacity are important items
in determining the value of grown seeds and the financial result to the farmer.
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In order that seed yields of high purity may be reached and that growers may
remove undesirable grasses and weeds, the fields are investigated on the presence of
weeds twice during the growing season by officers of the N.A K. To allow seed firms
to employ the best suited cleaning procedures in handling the seeds, the final report or
certificate on the harvested seeds mentions all impurities found. The possibility of
removing 1mpurities mechanically in some cases makes the presence of a small
percentage of weed seeds acceptable.

Some grass-weed seeds specially mentioned as being objectionable are Alopecurus
myosuroides HUDS., Avena fatua L., Agropyron repens P.B., Poa annua L. (NAK-
Circulaire No. 121, 1960). The following dicotyledonous weeds are listed: Lapsana
communis L., Centaurea Cyanus L., Sonchus spp., Matricaria spp.

In terms of cleaning techniques each species of grass seed has 1ts own troublesome
weeds but from the preceding paragraph the general conclusion may be drawn that the
absence of weeds in grass-seed crops will also be reflected in the purity of the seeds
harvested and the value of the product.

1.2. APPROACHES TO THE SOLUTION OF THE WEED PROBLEM

1.2.1. Mechanical weed control

Growing grass-seed crops on soils with a limited weed flora and using weed-free
seed to establish the crop usually do not result in fields in which weed-control practices
are no more required. These provisions are, however, of importance as preventive
measures in the weed control programme.

Hand hoeing and other mechanical methods of weed control are connected with
several disadvantages. Although grass-seed crops are generally sown in rows, inter-
row mechanical weed control immediately after harvesting the cover crop causes too
much damage to the grasses, owing to the small size of the plants (EVERS and WoL-
FERT, 1959a, b; TOLNER, 1960). After the young grass plants have been hardened off,
mechanical weed control is possible, but if tillering is well under way great care has to
be taken in order to prevent damage to the crop. Soil cultivation in autumn is not
effective because the soil is frequently too wet then. Weeds like Poa annua and Stellaria
media are retarded in growth only. These weeds may develop rapidly in late autumn
and winter, when mechanical weed control is no longer possible.

The fact that mechanical weed control procedures are of little importance is cer-
tainly well demonstrated by grass-seed crops which are sown without cover crop in
late summer or early autumn. Lolium perenne and Poa trivialis are grown in this way.
Perennial weeds generally do not cause any trouble in the year of sowing, but in severe
cases annual weeds may smother the young grass seedlings completely.

In early spring soil cultivation may cause a serious yield depression (EVERS and
SONNEVELD, 1956; TOLNER, 1960).

Nowadays mechanical weed control methods are replaced more and more by the
use of herbicides. Only for the control of undesirable grasses hand hoeing is still
practised, as the herbicides available at present are not sufficiently selective to enable a
chemical control of these grass weeds.



1.2.2. Chemical weed control

It may be stated that with several other crops as well as with grass-seed crops the
introduction of herbicides has allowed the development of improved methods of weed
control and has contributed to an increase in area covered by these crops (TOLNER,
1960). In the history of chemical weed control in grass-seed crops in the Netherlands
initially sodium arsenite and calcium cyanamide have been the chemicals used most
commonly.

The use of sodium arsenite (8-12 L of a formulation carrying 50 % As,O; per L) in
autumn applications has never been supported by sufficient research data, but practical
experience has established the value of these treatments. The toxicity of the product
and its tendency to accumulate in the soil has led to the introduction of DNOC
(5-6 kg a.e. per ha) and of mixtures of DNOC and small amounts of arsenite. The
general effect of these treatments is a more or less satisfactory control of annual weeds,
but only a temporary control of Strellaria media due to a restricted residual effect.

For good results this product has to be applied in high volumes of spraying liquid
and under the right weather conditions (cloudy sky, relative humudity of the air at
least 709/ and no rain) (EVERS and WOLFERT, 1959). The product is not very effective
with some weeds. Polygonum aviculare L., Veronica spp., Solanum nigrum L. and
perennial weeds are only temporarily checked in their growth (ZONDERWUK, 1959).

Calcium cyanamide can be of particular importance in the control of Stellaria media
in the dormant season of the grass-seed crops. With this herbicide too the success of
the application depends on the right weather conditions. It is recommended to apply
the powdered product early in the morning after a night-frost before a sunny day.
Even under optimal conditions, however, results are not always completely satis-
factory. Moreover, the cost of the treatment is considerable, the residual effect is short
and the fertilizing effect of the nitrogen is frequently questionable.

The importance of the auxin herbicides 2,4-D and MCPA for weed-control purposes
in cereals and pastures (RoBBiNs, CRAFTS and RAYNOR, 1952; LeopoLD, 1955;
Aupus, 1959) and the similarity of these crops and grass-seed crops is well-known.
It is therefore quite understandable that these products may also be used for the
control of dicotyledonous weeds in grass-seed crops. For a profitable use it is im-
portant, however, that it has been demonstrated in cereals that the reaction of a
plant on such a treatment will be determined partly by the stage of growth of the
plant at the moment of spraying and by the weather conditions shortly before, at and
after spraying (RoOBBINS, CRAFTS and RAYNOR, 1952). Moreover, species and even
varieties of species may react differently upon a specific application.

Realizing that grass-seed crops are perennial species (and not annual species like
cereals) with a genetically more heterogeneous character than cereals usually have,
some difficulties may have to be envisaged in comparing the data on susceptibility
obtained from cereals with those obtained from grass-seed crops.

In 1957 at the beginning of our investigations experience with auxin herbicides in
grass-seed crops was limited. In several spring-sown species 2,4-D (amine salt) was
used as a rule for the control of Tussilago farfara and MCPA for the control of Cirsium
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arvense. Just at this moment 2,4,5-TP was introduced as a herbicide of possible value
for the control of Tussilago farfara. It moreover had the additional advantage that it
was of great effectiveness with Stellaria media.

With some species (Lolium perenne, Festuca rubra) applications of MCPA were
carried out shortly before shooting. These treatments never were officially recommend-
ed due to the insufficient knowledge on the influence of the treatments on yield and
seed quality.

1.3. PURPOSE OF THE PRESENT STUDY

Considering the practical importance of auxin herbicides in modern weed control
and the great risks involved in their correct application in several crops, a study
of the effect on grass-seed crops of some commonly used herbicides, belonging to this
group, appeared to be desirable. The more so as studies carried out in other countries
give neither sufficient nor satisfactory information on auxin herbicides to make a
reliable recommendation possible with regard to the use of these herbicides in grass-
seed crops.

In many publications, observations, made in experiments and in practice, on the
effects'of auxin herbicides on the morphological development and theseed production of
grasses have been interpreted on the basis of the moment of application and the height
of the plants with rather broad indications concerning the stage of development of the
crop (c.f. for example ABERG and HAGSAND, 1951 ; HALLIDAY and TEMPLEMAN, 1951 ;
MOLLER NIELSON, 1951 ; EVERS and SONNEVELD, 1953; SLAATS and STRYCKERS, 1953,
1955). From these studies, which are of a rather practical nature, it may be concluded
that the botanical nature of the grass species and the variety concerned, its stage at the
moment of treatment, the auxin herbicide and the dosage used as well as possible
weather conditions at the moment of spraying all influence the final effect of the
treatment upon the morphological development of the crop and its seed production.

In England JEaTER (1956, 1958) succeeded in giving a better description of the stage
of growth of the grass plants at the moment of spraying, by studying the morpholo-
gical development of the growing point of the shoots. Thus closer comparison became
possible with knowledge of similar studies on the effect of auxin herbicides on cereal
plants (c.f. FRIESEN, 1949; SExsmITH, 1949 ; DAVIDSON, 1949; ALLEN, 1952). Moreover,
this approach allows a better comparison between the reaction of different grasses.
Unfortunately the development of the growing point of our cultivated grasses in
relation to environmental factors such as temperature and light has been studied on a
limited scale and only recently more attention has been paid to it (COOPER, 1950, 1952;
GARDNER and Loowmis, 1953; HANSON and SPRAGUE, 1953; BoMMER, 1959 ; PETERSON
and Loowmis, 1959). Consequently it appeared desirable to extend this type of study to
grasses grown under the climatological conditions of the Netherlands. Moreover, a
closer correlation between leaf and inflorescence abnormalities caused by auxin
herbicides and data on seed yield and quality seemed to be lacking.

The present investigation has taken all these factors into consideration and also
included the more recently developed auxin herbicide 2,4,5-TP. The investigation has
been restricted to grass-seed crops grown on clay soil.



2. PROCEDURE OF THE EXPERIMENTS

To achieve the purpose of the investigation, field experiments and experiments under
controlled temperature and light conditions of either artificial or natural light were
carried out. In the following paragraphs the methods of research are described in
detail.

2.1. GROWING THE PLANTS

2.1.1. Field trials

The size of the individual plots in these experiments did not permit any yield deter-
mination to be carried out. The main purpose of these experiments was to obtain
sufficient material to study the influence of treatments with auxin herbicides upon the
morphological development of the grasses and upon the seed quality.

Field experiments were carried out in the North-East-Polder in 1957-58 and in the
Haarlemmermeerpolder in 1958-59. The grasses studied were grown according to the
normal agricultural routine from seeds. They were usually sown under a cover crop.
In the experiments approved strains of Dutch grass breeders were used except for
Poa trivialis and Poa pratensis of which only commercial seeds were available. In
1957-58 the following grasses were investigated: Lolium perenne, Festuca pratensis,
Festuca rubra, Poa pratensis, Poa trivialis and Dactylis glomerata. Except for the last
species all grasses were studied again in experiments during the season 1958-59.
Festuca pratensis was studied in two different trials with different dates of sowing.
In TaBLE 1 all field trials have been mentioned.

In 1957-38 the unit size of each experimental plot was 2 m by 1 m, generally giving
4 rows of grass per plot. In the experiments of 1958-59 the plot size was 2 m by 2 m.

TasLE 1. Field experiments on the influence of auxin herbicides on the morphology and seed
characteristics of grasses

Growing season and . Month of harvesting

grass species Month of sowing Cover crop the cover crop
1957-58
Dactylis glomerata . . . . April, 1957 Peas July, 1957
Festuca pratensis . . . . . Ditto Ditto Ditto
Festucarubra . . . . . . Ditto Ditto Ditto
Lolium perenne . . . . . early September, 1957 - -
Poa pratensis . . . . . . April, 1957 Peas July, 1957
Poatrivialis . . . . . . . September, 1957 - -
1958-59
Festuca pratensis . . . . . April, 1958 Oats August, 1958
Festucarubra . . . . . . Ditto Peas early August, 1958
Poa pratensis . . . . . . Ditto Ditto Ditto
Festuca pratensis . . . . . end July, 1958 - _
Lolium perenne . . . . . late August, 1958 - —

Poa trivialis . . . . . . . late September, 1958 - -







