
The relationship of morphological factors to field spring survival in winter wheat
by Muhammad Ashraf

A thesis submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree of
DOCTOR OF PHILOSOPHY in Crop and Soil Science
Montana State University
© Copyright by Muhammad Ashraf (1973)

Abstract:
The developmental morphology of five winter wheat genotypes was studied in controlled environments
and field conditions. The objective was to determine the relationship of external leaf development and
the apical meristem. It was found that: (a) winter wheat was vegetative from germination to appearance
of the fifth leaf, (b) the transitional stage was short-lived, occurring during the expansion of the fifth
leaf, (c) the reproductive stage began with the appearance of the sixth leaf, (d) genotypes
developmental growth was similar in the vegetative and transitional stages and varied in the
reproductive stage, (e) all field-grown genotypes entered the winter at the same stage of growth, (f)
visual observation was a good measure to determine the plant developmental stages, (g) plants similar
in development stage to field-grown material could be produced in the controlled environment
chamber.

The relationships of various morphological factors of six diverse winter wheat genotypes, planted at
five depths, to the mature plant height and the field spring survival was studied in controlled
environments with and without light. It was concluded that: (a) the genotypes differed in coleoptile
length, emergence rate index, seedling height, crown node depth, secondary root length and number,
number of tillers and foliar dry weight, (b) Froid, Yogo and Crest had long coleoptiles, high E.R.I.s and
tall seedlings, but MT 6928, Cheyenne and Itana had short coleoptiles, low E.R.I.s and short seedlings,
(c) Froid and Yogo developed the shallowest crown nodes followed by Cheyenne, MT 6928, Itana and
Crest in light, in dark Cheyenne and Itana switched their positions, (d) in the dark, the crowns tended to
form farther away from the seed, (e) in the lighted environments, Froid and Yogo were generally in the
top rank regarding secondary root length, number of secondary roots and tillers and seedling dry
weight, (f) the ranking of the genotypes for crown node depth and secondary root length measured
under field situation was similar to that obtained for the lighted growth chamber.

The planting depths varied significantly for all the characteristics.

The shallow plantings showed the highest E.R.I., the tallest seedlings, the shallowest crowns, the
longest secondary roots, the most secondary roots and tillers and the highest seedling dry weights. The
depth X genotype interactions varied significantly for the last five characteristics in the foregoing
sentence in the light and for the E.R.I. in the dark.

The results further showed that (a) all the characteristics except E.R.I. and subcrown internode length
in dark, significantly correlated with one another, (b) the mature plant height had positive correlation
with seedling height and subcrown internode length in dark and with no other factor both in dark and
light, (c) the nonsignificant association of the mature plant height with the coleoptile length indicated a
possibility of developing short plants with long coleoptiles, (d) the field spring survival had no
significant association with the coleoptile length, E.R.I., and the seedling height (in dark) and was
positively associated with. the. secondary root length, and number (in light), (e) the correlation of foliar
dry weight and E.R.I with spring survival was positive and significant when Crest was excluded, (f) in
both dark and light, the crown node depth was negatively associated with the field spring survival.



The association of crown node depth, secondary root length and E.R.I. with field spring survival
suggested screening for these characteristics in winter wheat breeding programs. 
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�<���� �%���������� �� �1���.�����%�����1���� �*�$�#� ���.���$� ���(�%�����#�(�� ���#�� �%�)�)���%�$�%�(�&���� �#�*�� �������� �*���*������
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�<�������� �������� �%�)�)���%�$�%�(�&���� �#�*�� �������� �����>������ �'���%�*�"�� �Z�!�[�� �.���(�#�����)���������!���1���'�#�)� ���(���%�'��
�.�$�#�<�������< �% �� �-����� ���'�%�$�"�����(������������ �1���.�����%�����1���� �%�(�!�� ���$�%�(���������#�(�%�'�� �����%�.������ �%�(�!��
�1�%�$�����!�"�����(������������ �$���)�$�#�!���&�����1���� �� �� �%�. �� �"�� �Z���[�� �%�'�'�� �*�����'�!�/�.�$�#�<�(�/�.���(�#�����)������ ���(�B
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�<�%���� �%�� �.�#�#�!��� ���%�����$���� ���#�� �!�������$� ���(���� ���������) �' �%�(�� �� �!���1���'�#�)� ���(���%�'�� �����%�.�����"�� �Z�.�[��
�)�'�%�(������ ����� ���'�%�$�� ���(�� �!���1���'�#�)� ���(���� �����%�.���� ���#�� �*�����'�!�/�.�$�#�<�(��� �%�����$���%�'�� �&�#���'�!��
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������������ �$���'�%�����#�(�������)���� �#�*�����1�%�$���#������ � �#�$�)���#�'�#�.���&�%�'�� �*�%�&���#�$���� �#�*�� �����>��
�!���1���$�������<���(�� �� �$���<���� �%�����. �� �( �#�� �� �) �� �� �"�� �) �' �%�(���� �! �� �%���� �*���1���� �! �� �) �� �� �� �"�� ���#�� ��������� �%�B
�����$���� �)�' �%�(�����������.������ �%�(�!�/���������� �*�����'�!�� ���)�$���(�.�� �����$�1���1�%�'���;������ �������!�����!�� ���(�� �&�#�(�B
���$�#�'�'���!�� ���(�1���$�#�(� ���(������ �<���� �� �� �%�(�!���<�������#�������'���.�������� �	�����<�%���� �&�#�(�&�'���!���!�� �����%���A��
�Z�%�[�� �������� �.���(�#�����)������ �!���*�*���$���!�� ���(���&�#�'���#�)�����'���� �' �� �( �. �� �� �"����� ���$�.���(�&���� �$�%������ ���(�B
�!���>�"�� �������!�'���(�.���������.�����"�� �&�$�#�<�(�� �(�#�!���� �! �� �) �� �� �"�� �����&�#�(�!�%�$�����$�#�#���� �'���(�.������ �%�(�! ��
�(��� �����$�"�� �(��� �����$���#�*�� �����'�'���$���� �%�(�!�� �*�#�'���%�$�� �!�$�����<�����.�����"�� �Z���[�� �� �$ �# �� �! �"�� �0�#�.�#��
�%�(�!�����$�����*�����%�!�� �'�#�(�.�� �&�#�'���#�)�����'�����"�� �����.�������������	������ �%�(�!�A�����%�'�'�� �������!�'���(�.���"�������� ��
���������N�7�S�R�"�� �����������(�(���� �%�(�!�� �	�*�%�(�%�����%�!�� �����#�$���� �&�#�'���#�)�����'�����"�� �'�#�<���� �"�� �� �	 ������ �%�(�!��
�����#�$���� �������!�'���(�.���/�"�"�� �Z�&�[�������$�#���!�/�%�(�!���0�#�.�#�� �!���1���'�#�)���!�������������������%�'�'�#�<���������&�$�#�<�(��
�(�#�!������ �*�#�'�'�#�<���!���� �� �� �� �� �� �� �� �( �( �� �"�� �����/���N�7�S�R�"�����	���%�(�%�� �%�(�!�� �� �$�� �� �� �����(�� �'���.�����"�� ���( ��
�!�%�$�=�� �� �� �������(�(���� �%�(�!�� �	���%�(�%�� ���<�����&�����!�����������$���)�#���������#�(���"�� �Z�!�[�� ���(�� �������� �!�%�$�=�"��
�������� �&�$�#�<�(���� �����(�!���!�� ���#�� �*�#�$� �� �*�%�$�������$�� �%�<�%���� �*�$�#� �� �������� �������!�"�"�� �Z���[�� ���(�� �������/�/��
�'���.�������!�� �� �( �1�� �$�#�(� �� �(�� �� �"�� ���$�#���!�� �%�(�!���0�#�.�#���<���$�� �� �.���(���$�%�'�'���� ���(�� �� �� �� �A���#�)�� �$�%�(�=��
�$���.�%�$�!���(�.�� �����&�#�(�!�%�$���� �$�#�#���� �' �� �( �. �� �� �"�� �(��� �����$���#�*�� �����&�#�(�!�%�$���� �$�#�#������ �%�(�!�������'�B
�'���$���� �%�(�!�� �������!�'���(�.�� �!�$�����<�����.�������"�� �Z�*�[�� �������� �$�%�(�=���(�.�� �#�*���������� �.���(�#�����)������ �*�#�$ ��
�&�$�#�<�(�� �(�#�!���� �!���)������ �%�(�!�� �����&�#�(�!�%�$���� �$�F������ �'���(�.������� ���%�����$���!�����(�!���$�� �*�����'�!��
���������%�����#�(���<�%���� ����� ���'�%�$�� ���#�� �����%�����#�����%���(���!�� �*�#�$�� ���������'���.�������!�� �.�$�#�<������ �&���%� �����$��

���������)�'�%�(���� �(�.���!���)�������"���1�%�$�����!�������.�(���*���&�%�(���'���� �*�#�$�� �%�'�'������������ �&���%�$�%�&�B
�����$���������&���"�� �������� �����%�'�'�#�<���)�'�%�(�����(�.���� �����#�<���!���������� �����.������������ ���� �"�	 ���"�� ������ ��
���%�'�'�������� �� �� �� �! �' �� �( �. �� �"�� �������� �����%�'�'�#�<�������� �&�$ �#�<�( �� �"�� �������� �'�#�(�.�������� �����&�#�(�!�%�$�� ��
�$ �# �# �* �� �"�� ��������� �#�� �� �� �����&�#�(�!�%�$���� �$�#�#������ �%�(�!�� �����'�'���$���� �%�(�!���������� �����.���������� �������!�'���(�. ��
�!�$�����<�����.���������� �������� �!���)������ �a�� �.���(�#�����)���� ���(�����$�%�&�����#�(���A���1�%�$���� �! �������.�(���*���&�%�(���'�� ��
�*�#�$���������� �'�%������ �*���1���� �&���%�$�%�&�����$���������&���� ���(�� �������� �*�#�$���.�#���(�.�� �����(�����(�&���� ���(�� ��������
�'���.������ �%�(�!�� �*�#�$�� �������� ���������	���� ���(�� �������� �!�%�$�=��
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���>�&���)����� �� )� ��#� 	�#� /�� �%�(�!�� �������&�$�#�<�(�� ���(�����$�&���!���� �'���(�.������ ���(�� �!�%�$�=�,���"�"�� �����.�(���*���&�%�(���'���� �,��
�&�#�$�$���'�%�����!���<�������/���#�(���� �%�(�#�������$�"�� �Z���[�� �������� � �%�����$���� �) �' �%�(�� ���������.���������%�!���)�#�����B
�����1���� �&�#�$�$���'�%�����#�(���<���� �� �� �������!�'���(�.���������.������ �%�(�!�� �������&�$�#�<�(�� ���(�����$�(�#�!���� �'���(�.���� ��
���(�� �!�%�$�=�� �%�(�!���<���������(�#�� �#�������$�� �*�%�&���#�$�����#������ ���(���!�%�$�=�� �%�(�!�� �' �� �. �� �� �"���1 �	 �2 �� ������ ��
�(�#�(�����.�(���*���&�%�(���� �%�����#�&���%�����#�(�� �#�*�� �������� � �%�����$�����)�' �%�(�����������.�������<���� �� ��� � � � � � �& �# � ' � � � /� �
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